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ABSTRACT 

Program I d e n t i f i c a t i o n :  TWOTRAN-11. 
Computer f o r  which program is designed and o thers  on which i t  is 
operable:  CDC-7600, CDC-6600, IBM 3601195. 
Descr ip t ion of Function: 
multigroup t ranspor t  equat ion i n  (x ,y) ,  ( r , e ) ,  and ( r , z )  geometries. 
Both regu la r  and ad jo in t ,  inhomogeneous and homogeneous (keff and 
eigenvalue searches) problems sub jec t  t o  vacuum, r e f l e c t i v e ,  per iod ic ,  
whi te o r  input  spec i f ied  boundary f l u x  condi t ions a r e  solved. General 
an iso t rop ic  s c a t t e r i n g  i s  allowed and an iso t rop ic  inhomogeneous 
sources a r e  permit ted.  
Method of Solut ion:  The d i s c r e t e  o rd ina tes  approximation f o r  t h e  
angular v a r i a b l e  is used i n  f i n i t e  d i f fe rence form which is solved 
wi th  t h e  c e n t r a l  (diamond) d i f fe rence approximation. Negative f luxes  
a r e  el iminated by a l o c a l  set- to-zero and c o r r e c t  a lgor i thm. Standard 
inner  (within-group) and ou ter  i t e r a t i v e  cyc les  are accelerated by 
coarse-mesh rebalancing on a coarse mesh which may be independent of 
t h e  mater ia l  mesh. 
Rest r i c t ions :  Var iab le dimensioning is used so that any combination 
of problem parameters leading t o  a conta iner  a r r a y  less than MAXLEN 
can be accomodated. On t h e  CDC machines W E N  can be s l i g h t l y  
g r e a t e r  than 40,000 words and per iphera l  s to rage is used f o r  most 
group-dependent da ta .  On I B M  machines, TWOTRAN-I1 w i l l  execute i n  
t h e  4-byte mode so t h a t  MAXLEN can be severa l  hundred thousand and 
most problems can be core-contained. 
Running Time: 
of a n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEBR-I1 m o d e l  requ i res  about 3.9 minutes of CDC-7600 t i m e .  
Unusual Features of t h e  Program: 
standard i n t e r f a c e  output f i l e s  f o r  Sn constants ,  angle- integrated 
f luxes  and angular f luxes.  Standard i n t e r f a c e  input  f i l e s  f o r  sources, 
f l uxes ,  c ross  sec t ions  and Sn constants  may be read. 
a t i o n s  are l oca l i zed  i n  subrout ines ca l led  REED and RITE. Deta i led 
e d i t  opt ions,  inc lud ing angular f l uxes ,  dumps and restart c a p a b i l i t y  
are provided. 
of t h e  material mesh is allowed. 
Machine Requirements: Five output u n i t s ,  f i v e  i n t e r f a c e  u n i t s  (use 
of i n t e r f a c e  u n i t s  is opt iona l )  and two system input loutput  u n i t s  are 
requi red.  A l a r g e  bulk memory is des i rab le ,  but  i t  can be rep laced 
by d i s k ,  drum o r  tape s to rage .  
Related Programs: TWOTRAN-I1 is a n  improved vers ion  of t h e  TWOTRAN 
program. 
ming was performed t o  make TWOTRAN-I1 as easy t o  understand as 
possib le .  
Material Avai lable:  Source deck, test problems, r e s u l t s  of executed 
test problems and t h i s  repor t  w i l l  be a v a i l a b l e  from t h e  Argonne 
Code Center. 

TWOTRAN-I1 so lves  t h e  two-dimensional 

A six-group, S 4 ,  42 x 42 mesh po in t ,  keff c a l c u l a t i o n  

Prov is ion is made f o r  c r e a t i o n  of 

A l l  binary oper- 

Opt ional  use of an a r b i t r a r y  rebalance mesh independent 

Many comment cards  were added and much s impl i fy ing program- 

1 



I. INTRODUCTION 

TWOTRAN-I1 is an improved vers ion  of t he  

TWOTRAN program' f o r  two-dimensional t ranspor t  ca l -  

cu la t i ons  i n  (x.y) p lanar ,  (r,e) c y l i n d r i c a l  p lanar,  

and ( r , z )  c y l i n d r i c a l  geometries. The program 

so lves  both regu la r  and ad jo in t ,  homogeneous o r  in- 

homogeneous, time-independent problems sub jec t  t o  

vacuum, r e f l e c t i v e ,  per iod ic ,  whi te o r  inpu t  speci- 

f i e d  boundary f l u x  condi t ions.  

TWOTRAN-I1 w a s  crea ted  t o  become the  main frame 

f o r  t h e  TRIPLET (&angular mesh, f ianar,  ~ x p l i c i t ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- t r anspor t )  code' and as such i t  was designed t o  be 

as easy as poss ib le  t o  make opera t iona l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAon computers 

o the r  than CDC manufactured machines. A vers ion  of 

TWOTRAN-I1 success fu l l y  compiled and executed test 

problems ( i n  the  4-byte mode) on t he  f i r s t  t r y  on 

t he  Argonne Nat ional  Laboratory I B M  360/195 comput- 

er. TWOTRAN-I1 a l s o  was modified t o  inc lude some 

of t h e  standard i n t e r f a c e  input  and output d a t a  

f i l e s . 3  The code now opt iona l l y  creates output 

f i les  f o r  Sn cons tan ts ,  angle- integrated f luxes .  and 

angular f l uxes  and reads  standard input  d a t a  f i l e s  

f o r  c ross  sec t i ons ,  inhomogeneous sources, f l uxes ,  

and Sn cons tan ts .  

e l im ina t ion  of i n s t a l l a t i o n  dependent rou t i nes ,  lo-  

c a l i z a t i o n  of b inary opera t ions  and o ther  clean-up 

opera t ions  assoc ia ted  with making TWOTRAN-I1 e a s i l y  

exportable,  seve ra l  func t iona l  improvements were 

made in t he  TWOTRAN code. These include: 

In add i t i on  t o  dump res t ruc tur ing ,  

1. t h e  op t i ona l  separa t ion  of t he  rebalance 

mesh from t h e  material mesh t o  save s to rage  i n  prob- 

lems wi th  many hundreds of d i f f e r e n t  material re- 

gions , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2. t h e  op t iona l  p r i n t i ng  and/or w r i t i ng  on an 

output f i l e  of cell-boundary angular f luxes ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3. t h e  use  of an  e f f e c t i v e  absorp t ion  implied 

by t h e  input  c ross  sec t i ons ,  

4. t he  op t ion  of spec i fy ing  boundary sources 

f o r  a l l  types of boundary condi t ions,  

5. t h e  a b i l i t y  t o  suppress output p r i n t i ng  

f o r  inpu t  f luxes ,  f i n a l  f luxes ,  c ross  sec t i ons ,  

f i s s i o n  rates, sources and coarse  mesh balance 

tab les .  I f  an  extra ou te r  i t e r a t i o n  is not  required 

f o r  p r i n t i ng ,  i t  is not  taken, saving computation 

time. 

6. t he  op t i oe  of spec i fy ing  a separab le  point-  

wise dens i ty  f o r  c ross  sec t i on  s p a t i a l  dependence, 

7 .  t h e  add i t i on  of a parametr ic value of keff 

i n  alpha searches, 

8. t h e  op t ion  of reading c ross  sec t i ons  i n  

FID04 o r  Los Alamos formats as w e l l  as from t h e  

standard i n t e r f a c e  f i l e .  

De ta i l s  of these fea tu res  as w e l l  a s  a complete de- 

s c r i p t i o n  of a l l  opt ions  of TWOTRAN-I1 a r e  given i n  

Sect ion 111. 

Because t h e  manual' descr ib ing  TWOTRAN is out 

of p r i n t ,  much of t he  ma te r ia l  i n  t h a t  repo r t  is re- 

produced here.  

t h e  gu ide l ines  f o r  t h e  documentation of d i g i t a l  com- 

pu ter  programs' proposed a s  an  American Nuclear 

Society standard.  I n  the  next sec t i on ,  d i f f e rence  

equat ions and so lu t i on  algor i thms are discussed. 

Sect ion 111 is a guide f o r  user  app l i ca t i on  and 

Sect ion I V  con ta ins  informat ion re levan t  t o  t h e  pro- 

gramming of TWOTRAN-11. 

11. DIFFERENCE EQUATIONS AND SOLUTION ALGORITHMS 

A. Analyt ic Forms of t he  Transport Equation 

The conten ts  of t h i s  repo r t  fo l low 

The time-independent t ranspor t  equat ion is 

w r i t t e n  

i n  which zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJ, is t he  p a r t i c l e  f l u x  (number dens i t y  of 

p a r t i c l e s  times t h e i r  speed) def ined such t h a t  

JIdVdEdn is t h e  f l u x  of p a r t i c l e s  i n  the  volume ele- 

ment dV about zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr,  i n  t he  element of s o l i d  ang le  dSl 

about zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE, i n  t he  energy range dE about E. Simi la r ly ,  

QdVdEdn is t h e  number of p a r t i c l e s  i n  the  same ele- 

ment of phase space emitted by sources independent 

of J,. The macroscopic t o t a l  i n t e r a c t i o n  c ross  sec- 

t i o n  is denoted by ut ,  t h e  macroscopic s c a t t e r i n g  

t r a n s f e r  p robab i l i t y  (from energy E '  t o  E through 

an ang le  wi th cosine E'.E) by Os, and t h e  macro- 

scopic f i s s i o n  c ross  sec t i on  by O f .  

q u a n t i t i e s  may depend on zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfl, but we have omitted 

t h i s  argument f o r  s imp l i c i t y .  

ticles emit ted i s o t r o p i c a l l y  (1/4a) per f i s s i o n  is 

V, and t h e  f r a c t i o n  of these l i be ra ted  i n  the  range 

dE about E is x(E) .  This f r a c t i o n  may a c t u a l l y  de- 

pend on both r and t h e  f i ss ion ing  spec ies ,  but  such 

p o s s i b i l i t i e s  are not  admitted in t he  TWOTRAN-I1 

program. 

A l l  of these 

The number of par- 
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1. P a r t i c u l a r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAForms of t h e  Divergence Operator 

The form of V.G$ f o r  t h e  th ree  geometries 

t r e a t e d  by TWOTRAN-I1 is given i n  Table I i n  terms 

of t h e  v a r i a b l e s  def ined i n  t h e  coordinate systems 

sketched i n  Figs.  1-3. 

In of t hese  geometries we choose 9 t o  be 

t h e  ang le  of r o t a t i o n  about the  u axis such that d n -  

dpd9, and 

Fig. 1. Coordinates in (x,Y> geometry. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA\y 

In a l l  of these geometries zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJI is symmetric in 9, and 

only a hemisphere of angular d i r e c t i o n s  need be con- 

s idered .  In t he  p lanar  geometries [ (x,y)  and ( r , e ) l  

\y 

Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 .  Coordinates i n  (r.0) geometry. 

TABLE I 

FORMS OF V.519 

Dependence Def in i t ion  of 
Geometry of J, Variables 

rec tangu lar  

p lanar  

c y l i n d r i c a l  

p lanar 

c y l i n d r i c a l  

finite zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 



Fig. 3. Coordinates in (r,z) geometry. 

the north pole of the hemisphere points in the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA^e 

direction; in (r,z) geometry the north pole points 

in the -$ direction. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 
Spherical Harmonic Expansion of the 

Source Terms 

2. 

In the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATWOTRAN-I1 program, the scattering 

transfer probability is assumed to be represented by 

a finite Legendre polynomial expansion: 

ISCT 
2n+l 

u,(E'+ E, Po) = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 Pn(lJo)~sn(E' + E) 9 

n=O 

4 
where )1 = pp' + (1 - p2)' (1 - pV2)  COS(Ip - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9'). If this expansion is inserted in Eq. (l), and 

if the addition theorem is used to expand Pn(po), 

we can write 

where 6ko is the Kronecker delta (equal to 1 when 

k = 0, and vanishing otherwise) and the RE are the 

associated Legendre polynomials. These functions 

are orthogonal; i.e., 

Hence, if the angular flux is expanded in a series 

of these functions, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
m n 

n=O k=O 

the expansion coefficients are given by 

Using this formula, we can rewrite Eq. (1) as 

ISCT n 

As implied by the sum in this equation, we have as- 

sumed that the source Q is representable by IQAN+l 

terms of an expansion like Eq. (6). 

In deriving this expression, the Ip symmetry of J, is 

used, reducing the domain of Q to a hemisphere and 

eliminating expansion terms odd in Ip. 

Rn are defined by 

B. Multigroup Equations 

The energy domain of interest is assumed to be The functions 
k partitioned into IGM intervals of width AEg, g = 

4 



1, 2, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA..., IGM. By convention, increas ing g repre- 

s e n t s  decreas ing energy. I f  we mul t ip ly  Eq. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(8) by 

AE and i n t e g r a t e  we can write 
g 

I G M  ISCT n 

h=1 n=O k-0 

IGM n 

h=1 n=O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAk=O 

Here, t h e  f l u x  f o r  group g,  

is no longer a d i s t r i b u t i o n  in energy, but is t he  

t o t a l  number of p a r t i c l e s  in t h e  energy i n t e r v a l .  

For t h i s  reason, when group s t r u c t u r e s  a r e  changed, 

t h e  e f f e c t  on r e s u l t s  must be evaluated by comparing 

Qg/AEg. 

TWOTRAN-I1 a r e  evaluated by simple zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsums. 

Because of Eq. (10). energy i n t e g r a l s  i n  

The c r o s s  s e c t i o n s  subscr ip ted wi th  g a r e  av- 

erages,  e. g . , 

but ,  of course,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJ, is not  known and must be approxi- 

mated by some means. I f  i n  Eq. (11) t h e  angular de- 

pendence of J, is nonseparable,  then (I w i l l  depend 

on angle.  No prov is ion f o r  such dependence is made 

i n  TWOTRAN-11. Recipes f o r  tak ing t h i s  dependence 

i n t o  account,  a s  w e l l  as f o r  improving t h e  averages 

when s c a t t e r i n g  is severe ly  an iso t rop ic ,  a r e  

t g  

snh-+g U 

given by B e l l  and Hansen.6 

C. Dif ference Equations 

To concentrate on t h e  f i n i t e  d i f fe rence repre- 

s e n t a t i o n  of t h e  streaming operator ,  we w r i t e  Eq. 

(9) as 

omit t ing t h e  group subscr ip t .  Below, whenever w e  

s p e c i a l i z e  t o  a p a r t i c u l a r  geometry, we use ( r ,9 )  

c y l i n d r i c a l  geometry. A l l  of t h e  r e s u l t s  fo l low in 

t h e  o ther  geometr ies when t h e  appropr ia te  v a r i a b l e s  

and d e f i n i t i o n s  are used. 

We f i r s t  p a r t i t i o n  phase space i n t o  I T  i n t e r -  

v a l s  i n  t h e  r (or x)  d i r e c t i o n ,  J T  i n t e r v a l s  i n  t h e  

9 (y o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAz )  d i r e c t i o n ,  and MT s o l i d  angle i n t e r v a l s  

such t h a t  

i = l , 2 ,  ..., I T  , ri-4 < ri < ri* 

ej-+ < g j  < ej* j = 1, 2 ,  ..., J T  , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(13) 

m i l ,  2, ..., MT , k-4 < & 
In t h i s  notat ion,  a l l  c e l l  boundar ies are ind icated 

wi th  a t 112 subscr ip t ,  but  w e  d e l i b e r a t e l y  r e f r a i n  

from speci fy ing 0-boundaries. 

dcdw/2n o r  d0 - dudq/2n, whichever is convenient.  

Here, t he  2n a r i s e s  from our convention of measuring 

s o l i d  angle i n  u n i t s  of 27r so t h a t  angular i n t e g r a l s  

a r e  normalized t o  un i ty .  

We a l s o  use dR = 

We o r i e n t  our geometr ies so t h a t  x, r ,  and r 

a r e  i n  t h e  i -d i rec t ion  whi le y ,  9 ,  and z a r e  in t h e  

j -d i rec t ion .  We r e f e r  t o  j = J T  as t h e  top of t h e  

system, t o  j = 1 as t h e  bottom, t o  i = 1 a s  t h e  

i n s i d e  o r  l e f t  s i d e ,  and t o  1 = I T  a s  t h e  ou ts ide  

o r  r i g h t  s i d e  of t h e  system. Although not  neces- 

sary  in (x,y) geometry, i n  t h e  c y l i n d r i c a l  geom- 

e t r i e s  we must have r1 = 0, because we have made 

no prov is ion f o r  a c a v i t y  boundary condi t ion.  

We next  mul t ip ly  Eq. (12) by t h e  phase space 

volume (dVd0) and i n t e g r a t e  over one c e l l  of our 

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

r e s u l t  by 

For a l l  geometries we represent  t h e  

1 
+ Wmqm(Bi, j + i N i , j + i , m  - Bi, j-gNi, j -+,m 

+ u w V  N - 
t m i j  i j m  - w m v i j s i j m  

and de f ine  

volume V = 
f j  

I -d i rec t ion  
sur face  area 

5 



 IS^* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= JdBj* ' 
i 

j-direction B 
surface area 

quadrature w m = / p  . 
m weight 

The N's that appear in Eq. (14) are certain averages 

of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJI over the phase space cell or its boundaries. 

These averages and the truncation error associated 

with the difference equations in Eq. (14) are dis- 

cussed in Ref. 1. The values of V, A, and B for the 

specific geometries of TWOTRAN-I1 are given in Table 

11. Note in (x,y) geometry in which there is no 

angular derivative that A 

term Involving a vanishes from Eq. (14). 

so that the 
i*,j - Ai-%,j 

In the analytic form of the transport equation, 

when the flux is a constant, the terms analagous to 

those involving A in Eq. (14) vanish. To preserve 

this property in the finite difference form we re- 

quire 

and use this relation to define the a coefficients 

recursively. As will be seen subsequently, direc- 

tion cosines in standard sets are ordered on lati- 

tudes so that for each 17 level there will be several 

p values. 

level to be zero initializes the recursion. For the 

standard sets which are symmetric in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp,  the last 

value of a for each zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBArl level will also be zero. 

ensures that if Eq. (14) is summed over all direc- 

tions, the terms in a will vanish. That is, there 

will be no net particle loss or gain due to angular 

redistribution, a property of the analytic equation. 

Defining the first value of a on each zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 

This 

The following conventions are used in TWOTRAN- 

I1 : 

1. The angle theta is measured in revolu- 

tions, 

Solid angles are measured in units of ZIT, 2. 

3. Direction cosines are independent of space, 

4. The a coefficients are defined recursively 

such that a = -w p with first zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
m+-'m+ m m  

and last a values vanishing on each rl 

level, 

5. Cross sections are constant in each space 

cell. We actually assume that cross sec- 

tions are regionwise constant, but a re- 

gion may be ? a single cell. 

On the right-hand side of Eq. (9) is the term 

l a  

For each group we approximate this integral by the 

sum 

MT 

Nnhi j 1 WmR:(pmsVm)Nhijm 9 

IF1 

where qm is defined in the program by 

TABLE I1 

AREA AND VOLUME ELEMENTS 

n 

~ ~- 

'e measured in revolutions zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 



Because we customari ly d e a l  wi th  only one quadrant 

o f  d i r e c t i o n s ,  t h e  program uses four  funct ions f o r  

R i  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: 

with t h i s  n o t a t i o n  we have t h e  r i g h t  s i d e  of Eq. 

(14), Sgijm, given by t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsum of 

(SS)gilm = (Scat te r  Source) = 
gijm 

(FS)gijm - (F iss ion Source) = 
g i b  

IGM 

‘g zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 “fhN;hij ’ 
ha1 

(IS)gijm = (Inhomogeneous Source) = 
g u m  

IQAN n 

D. Solut ion Algorithms 

In t h e  fo l lowing material we adopt t h e  conven- 

t i o n  that centered subscr ip ts  ( i ,  j ,m,g) are omit ted 

except t o  i n d i c a t e  sums o r  t o  c l a r i f y  equat ions.  

W e  write our  f i n i t e  d i f fe rence equat ions f o r  group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
g as 

Here we have ind icated t h a t  B is independent of j 

is t o  be solved f o r  MT d i r e c t i o n s  def ined by or- 

dered p a i r s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( p  ,qm), f o r  I T  x J T  space c e l l s ,  and 

f o r  IGM energy groups. 
m 

1. Boundary Conditions 

Equation (23) conta ins seven N ’ s .  Informat ion 

about boundary f l u x  va lues can be s p e c i f i e d  by the 

TWOTRAN-I1 user by des ignat ing t h e  fol lowing opt ions:  

a. Vacuum Boundary Condition 

The value of the angular  f l u x  N on t h e  boundary 

is set t o  zero f o r  a l l  incoming d i rec t ions .  

b .  Ref lec t i ve  Boundary Condition 

The va lue of t he  f l u x  on the  boundary f o r  in- 

coming d i r e c t i o n s  is s e t  equal ,  i n  d e t a i l ,  t o  t h e  

value of t h e  outgoing f l u x  i n  t h e  d i r e c t i o n  cor- 

responding t o  specular  r e f l e c t i o n .  For example, at 

an i -d i rec t ion  ou ter  boundary, 

c .  White Boundary Condition 

The va lues of incoming boundary f luxes  a r e  a l l  

set equal t o  t h e  same value. This va lue is t h e  

average of t h e  outgoing f l uxes  such t h a t  t h e  n e t  

flow through t h e  boundary is zero. I n  p a r t i c u l a r ,  

f o r  an i -d i rec t ion  boundary, t h i s  va lue is given 

by 

where t h e  sums range over outgoing d i rec t ions .  

This condi t ion i s  meaningful f o r  c e l l  ca lcu la t ions  

i n  c y l i n d r i c a l  geometries where i t  is appl ied t o  

t h e  ou ts ide  r a d i a l  boundary. 

d.  Per iod ic  Boundary Condition 

The va lues of incoming f l uxes  a t  a boundary 

a r e  s e t  equal ,  i n  d e t a i l ,  t o  t h e  va lues of t h e  out- 

going f l uxes  on t h e  opposi te  boundary. 

d i t i o n  i s  allowed only on t h e  top  and bottom (j- 

d i rec t ion)  boundar ies.  Then, the  incoming f l u x  on 

t h e  bottom is s e t  equal  t o  outgoing f l u x  on t h e  top,  

and the  incoming f l u x  a t  t he  top t o  the  outgoing 

f l u x  on t h e  bottom. This  condi t ion must be used t o  

represent  any f u l l  c i r c l e  i n  (r,e) geometry i n  

which t h e  system i s  not  homogeneous i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 .  

This  con- 

i n  t h e  t h r e e  geometr ies considered. This equat ion zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6il3 
7 



e. Boundary Sources 

On the top, bottom, and right sides of the do- 

main, the user may specify the incoming angular flux 

in each direction. These inflows represent a source zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
of particles and are treated as such by the code. 

For example, the number of particles incoming from 

the right-boundary source, QR is given by 
mj zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA* 

Number = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 w zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp QR A 
m m mj IT*,j ' 

m*j 

where the sum is over incoming directions. 

2. Arithmetic Mean (Diamond) Difference 

Approximation 

To solve Eq. (23) we need additional relations 

among the fluxes. To second-order accuracy, we have 

(28) 1-4 2N 
= Nj+% + 

These relations are usually called the "Diamond" 

difference equations. If we assume that in Eq. (23) 

we know three fluxes, say N 

that we want to calculate Ni-+, N 

[implying we are moving inward (p < 0), downward 

(rl < 0), and in order of increasing angle subscript], 

we can use Eqs. (27), zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(28). and (29) to eliminate 

the fluxes we are going to solve for from Eq. (23). 

and N and 

and N 
i + ~  "jw m-4 

1-4' In+% 

initialize Nm-,, we use the step function approxima- 

tion for the first incoming p direction on each rl 

level, setting N& - N. 
an equation for N exactly like Eq. (30) if we assume 

that zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(a& + aW4)/w i s  zero. 

do not appear in the formula. 

difference of TWOTRAN-I1 compared to other programs: 

TWOTRAN-I1 does not use special zero-weighted direc- 

tions to initialize the angular flux N 

fore, for a given Sn order, fewer directions are 

used. 

This assumption leads to 

That is, these terms 

This is an important 

There- m-4' 

3. Progression Through the Space-Angle Mesh 

The unknowns N are ordered so that the differ- 

ence scheme is stable and so that the coefficient 

matrix is lower triangular. 

sponds to proceeding in the direction of particle 

flow. 

through the space-angle mesh by defining the angular 

mesh used in TWOTRAN-11. 

Physically this corre- 

We begin the description of the progression 

a. S Constants and Angular Orientation 

For a quadrature order ISN, TWOTFUN-I1 requires 

n 

M/4 = MM = (ISN)*(ISN+2)/8 positive pairs (p,q) of 

direction cosines in all three geometries. These 

may be supplied by the user or, for ISN up to 16, 

obtained from the subroutine SNCON. 

user, the numbers should be supplied first for the 

largest 11 (one value of p), then for the next larg- 

est rl (two values of p ,  the largest first), then 

for the third largest rl (three values of p, in 

If input by the 

giving a single equation for N, 

In writing this equation we used Eq. (16) to arrange 

the denominator so that the coefficients are the 

same as those of the numerator. Using this result 

we can use Eqs. (27), (28), and (29) to solve for 

N,-+, and N&. Equation (30) applies for 
Ni-49 
outward progress as well if N 

Ni-+. 
instead of N j*. 

ing angle subscript. Thus Eq. (30) can always be 

used when we know three fluxes on the boundary of 

our phase space cell. 

boundary fluxes, we can start applying Eq. (30) at 

the outer boundaries for incoming directions. To 

is replaced with 
I+% 

1-4 
Similarly, when moving upward, we use N 

We always move i n  order of increae 

To initialize the spatial 

order of decreasing magnitude),etc. 

rant of directions is used, and a 90' rotational 

symmetry is assumed to perform calculations in the 

other three quadrants. 

Only one quad- 

In Fig. 4 we show the ordering of the direc- 

tion cosines for ISN=4 and ISN-8. The numbers in 

parentheses for ISN=4 indicate the actual number- 

ing 1, 2, ..., MM, of the direction cosines. The 

other numbers indicate the order of progression 

through the angular mesh both for ISN=4 and ISN=8. 

In the figure we have shown directions lying on rl 

levels. although this is not strictly necessary. 



Sweep zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 .  Ordering of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASn directions. 

It does, however, reduce the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAw derivative to a 

purely derivative in (r,z) and (r,e) geometries. 

Actually, there are no restrictions on the direc- 

tion sets other than the number of directions. For 

example, for ISN=8 one could have for the quadrant, 

say, a 1,1,2,6 arrangement on zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBArl levels rather than 

the 1 . 2 , 3 , 4  arrangement shown. 

0 levels, however. 

should avoid the use of precisely zero values of q. 

The program does also check that the quadrature 

weights associated with the directions sum to one- 

fourth (because only one quadrant of directions is 

entered). 

We do require ISN/2 

Because of Eq. (18), the user 

In Figs. 5,  6 ,  and 7 we show the orientation 

of the hemisphere of directions in each of the 

geometries. In these figures, as in the projection 

of Fig. 4 ,  the directions in which the step function 

scheme is used in the angle extrapolation are marked 

with a cross. 

b. 

In subroutine INNER, the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANM group-total source 

Sweeps of the Space-Angle Mesh; 

components are calculated in the array SOURCE(N,I,J), 

Y 

/I\ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c II. IO. .4 - 

Fig. 5. 

10. 

Orientation of S, directions in (x,y) 
geometry. Directions in the negative 
quadrants are not shown in the upper 
sketch. 

and the NM components of the angular flux are stored 

In  FLUX(N,I,J). 

its entirety unless requested by the user; local 

values of the angular fluxes are stored in the 

The angular flux is not stored in 

arrays : 

in 

in 

in 

in 

In 

in 

in 

in 

Ni*,j ,m 

i,l*,m 
N 

i.l,& 
N 

BRl(J,M) in-down and out-down sweeps 

BR2(J,M) in-up and out-up sweeps 

TI temporarily 

BTl(1,M) In-down and in-up sweeps 

BTZ(1.M) out-down and out-up sweeps 

TJ temporarily 

ALFL(K,I) all sweeps 

TM temporarily 

9 



Fig. 6. Orientation of S, directions in (r,z) 
geometry. 

where the range of subscripts is 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 1,2,..., IT 

J - 1,2,..., JT 

M 1,2,..., MM = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAW/4  

K = 1,2,..., ISN/2 

N = 1,2,, . . , NM - (ISCT+l)*(ISCT+2)/2 . 
Computation begins for the p < 0, TI 0 quad- 

rant of directions at the top, right corner of the 

system. 

tire space mesh for these directions as Sweep 1. 

The sweep begins with the storing of the right 

boundary condition in BRl for all J and M and in BT1 

for all I and M. (Because it is convenient, we also 

set the boundary condition in BT2 and BR2 for use in 

other sweeps.) After the boundary condition is set, 

the coarse-mesh flow through the boundary is com- 

puted. For these directions, this is FL and FD. 

Then Sweep 1 begins first for J = JT, i.e., along 

We refer to the traverse through the en- 

10 

Fig. 7. Orientation of S, directions in (r,9) 
geometry. 
q < 0 quadrants are not shown in the 
upper sketch. 

Directions in the p < 0, 

the top boundary of the system. 

I runs from the right: IT, IT-1, ..., 1. For each 

I, M runs in the sequence shown in Fig. 4 before the 

next value of I is taken. For each M, before the 

flux calculation, the angular source is generated by 

performing the sum 

For this value of J, 

NM 

SOURCE(N,I,J)*P~(N,M) , 
QTijm = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 

N=1 

where P1 is used because we are in Sweep 1. Given 

the source, QT, we compute N (stored in T) from zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i j  m 

(31) 
AA*BIU (J ,M)+BB*BT~ (I ,M)+CC*ALFL(K, I)+QT 

AA+BB+CC+CT 
T =  

where CT ie the total cross section for the cell 

times the I-dependent portion of the volume. (The 

I-dependent portion of the volume is included in 

SOURCE before any sweeps begin.) AA, BB, and CC are 



the products of angle and areas shown in Eq. (30) ex- 

cept we find it convenient to divide numerator and 

denominator of Eq. (30) by the J-dependent portion 

of the volume. 

If we use Eq. (31) we extrapolate 

TI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 2T - BRl(J,M) , 
TJ = 2T - BTl(1,M) , 
TM = 2T - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAALFL(K,I) . 
If we are in a direction for which we have no value 

for ALFL(K,I) (the directions indicated with crosses 

in Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 ) ,  we use Eq. (31) with zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACC = 0 and set 

TM - T. If any of the T values in Eq. (32) are neg- 

ative, we call subroutine FIXUP (see the next sub- 

section) and compute new T values, otherwise we 

store T1 in BRl, TJ in BT1, and TM in ALFL. We then 

use T to accumulate the sum zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MM 

FLUX(N,I,J) = 2 WGT(M)*Pl(N,M)*T . (33) 

M=1 

This same sum accumulates in all sweeps with P1 

changing to P2, etc. If we cross a coarse-mesh 

boundary, we also compute the contribution to the 

partial flow. 

coarse-mesh boundary by testing for a change in the 

IDX(1) and IDYA(J) arrays which contain the number 

of the coarse-mesh i or j zone for each fine-mesh 

interval. These arrays are surrounded by zeroes in 

core storage so that we can also identify the first 

and last coarse-mesh zone. 

We decide whether we have crossed a 

When the flux computation has been completed 

for all values of M, we m v e  to the next I level to 

the left, for the same J and repeat the process. 

The flux extrapolated in the previous cell is now 

properly in BR1, just as if we were at the right 

boundary. When we reach the inside boundary, we 

have computed the flux for all downward pointing 

incoming directions along the top interval of the 

system. We have saved the value of the extrapolated 

flux ALFL for each space cell for each TI level zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(K = 1, 2, . . . , ISN) corresponding to the p = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 

value. These values initialize ALFL for Sweep 2 

which now begins for the same (top) J level. The 

left boundary condition is set (in BRl), and Sweep 

2 proceeds along the top interval of the system, 

from left to right for all downward-outward direc- 

tions. When we reach the right boundary we begin 

Sweep 1 for the next lower J interval. We now have 

in BT1 the fluxes calculated in the cell above (for 

outward directions, the cell top edge fluxes are in 

BTZ), and computation proceeds just as it did for 

the top interval. We thus proceed inward, then out- 

ward, for each J level for decreasing values of J 

until we reach the bottom of the system. We then 

set the bottom boundary condition (in BT1 and BT2) 

and start moving upward in J, first inward (Sweep 3), 

then outward (Sweep zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 ) ,  on each J level. 

When we reach the top, we have generated all 

the new flux components, FLUX(N,I,J), and partial 

flows needed. At this point we have completed the 

space-angle traverse. We next rebalance the fluxes, 

perform convergence tests, and, if they fail, re- 

compute the source for the next traverse. 

4 .  Negative Flux Control 

Although all the coefficients of Eq. (30) are 

positive, extrapolations of the form N = 

2N - N can lead to negative values for fluxes. 

When sources are positive, we attempt to prevent 

negative fluxes by using a "set-flux-to-zero-and- 

correct" recipe. After much experimentation with 

other difference schemes and recipes, ' including 
their use as fixups, we have decided that the set- 

to-zero scheme is the most accurate while being 

computationally no more expensive. It is most ac- 

curate because it is the minimum deviation from the 

second-order accuracy of the diamond difference 

equations. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA l l  linear difference schemes which 

lead to positive coefficients in the extrapolations 

like Eqs. (27) - (29) are first-order a~curate,~ 
and all other than the set-to-zero scheme lead to 

positive extrapolated fluxes and hence, to a greater 

deviation from the negative diamond result. Sec- 

ondly, the set-to-zero scheme is more selective, 

not only because it is used only when a flux is 

negative, unlike a weighted diamond scheme, but 

also because it is applied to the extrapolations 

individually, unlike a scheme in which all fluxes 

are recomputed with, say, a step function approxi- 

mation. 

i+% 

1-4 

The logic of the set-to-zero fixup is as fol- 

lows. If any one flux is negative, it is set to 

zero and the cell-centered flux, N, is recomputed 

assuming that particular flux is zero. (See for-  

mulas below). If this N should be negative, the 

fixup attempt is aborted. If not, the other two 

11 



fluxes are r .extr polat d. If eith r one of th E. Iterative Processes and Convergence Acceleration 

is negative, N is recomputed assuming two fluxes are 

negative. If this N is positive, the remaining flux 

is extrapolated. If it should be negative, then N 

is recomputed assuming all three boundary fluxes are 

zero (provided the total cross section is not zero). 

If any center N is negative (implying a negative 

source or boundary flux) or if any fixup leads to a 

division by zero (e.g., in voids), the fixup attempt 

is aborted. One cannot exclude negative sources be- 

cause the finite Legendre polynomial expansion of 

anisotropic scattering may produce negative numbers 

in particular directions. 

Formulas for fixup are derived as follows. 

Suppose we are attempting to calculate Ni-+ and find 

it negative. Then we use Eqs. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(28) and (29) in Eq. 

The source in Eq. (23) usually depends on the 

fluxes being computed, through the within-group 

scattering andfor through fission or upscattering. 

We use an iterative process in which the source is 

updated when new flux information is available. 

Within each energy group we update the portion of 

the source due to within-group scattering zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) 
sngtg 

after each pass through the space-angle mesh. 

iterative process, including iteration for implied 

boundary conditions (e.g., a reflective outer bound- 

ary condition), is called inner iteration and is 

performed by subroutine INNER. 

ess involving the updating of sources due to fission 

and upscatter after a progression through all groups 

is called outer iteration and is performed by sub- 

This 

The iterative proc- 

(23) where Ni-+ is taken to be zero. We have then 

This formula, of course, lacks the symmetry of Eq. 

(30). If we had been trying to compute Ni* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(u > 0) 
and found it negative, then Eq. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 3 4 )  would be alter- 

ed by using AI-QNi-+ instead of AI*NI*. In either 

case the negative flux is set to zero, and, provided 

N Itself is positive, the remaining two fluxes, 

N 

All other formulas needed (six more) can be gener- 

ated in the same fashion. These appear explicitly 

in subroutine FIXUP in the program. 

and N& are computed from Eqs. (29) and (29). 
j -4 

Controlling negative fluxes in this fashion 

seems to be more compatible with the coarse-mesh 

rebalancing acceleration procedure (see Section E 

below) than any other fixup we examined. 

5. Adjoint Problems 

The TWOTRAN-I1 program solves the adjointtrans- 

port equation by transposing the scattering and 

fission matrices and inverting the group order of 

the problem. The solution of the resulting prob- 

lem in the direction zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 is then identified with the 
adjoint solution in direction -g. 
of the scattering matrix converts the normal, pre- 

dominantly downscattering problem to an upscatter- 

ing problem. 

downscattering dominance and eliminates unnecessary 

upscattering iteration. 

Transposition 

Group order inversion restores this 

routine OUTER. 

accelerated by coarse-mesh rebalancing. 

section we describe the theory of rebalancing. 

Both of these processes can be 

In this 

1. Inner Iteration Coarse-Mesh Rebalancing 

When Eq. (23) is multiplied by w and summed 

over all directions, the resulting equation, 

is a statement of particle balance. 

tion the l-direction currents, I, are given by 

In this equa- 

and the j-direction currents, J, by 

M 

When multiplied by the surface areas as in Eq. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(35), 

these tetms account for the net flow through the 

cell surface. The angle-integrated, or scalar, 

flux, @, is defined by 

12 



MT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
m=l 

On the right side of Eq. (35) we have split the 

angle-integrated portion of VS into a part due to 

isotropic within-group scattering zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(a ) and a re- 

mainder, Q. All anisotropic sources vanish zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwhen the 

m sum is performed, because of the orthogonality of 

the spherical harmonic functions Rk provided that zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
n' 

the quadrature set used correctly integrates these 

functions. 

sokg 

On the right of Eq. (35) we have indicated that 

the scattering source depends on the flux from a 

previous iteration by labeling this flux with a 

superscript p. 

satisfied only when @ E @'. 

kedg that enforcing balance accelerates iterative 

convergence. 

use a system-wide within-group renormalization. 

Here we describe a variation of the technique which 

enforces particle balance in each zone of a coarse 

mesh. 

The particle balance equation is 

It has long been real- 

DTF-IV" and earlier Los Alamos codes 

The object of the technique is to find a factor 

by which all fluxes in a zone may be multiplied to 

insure that leakage plus absorption equals sources 

in the zone. Usually, application of the factor 

quickly brings all flux amplitudes within the zone 

close to their final amplitude, and subsequent iter- 

ation refines the flux shapes in the zone. 

To describe the terns entering the rebalance 

equation, we superpose a coarse mesh on the fine 

space mesh defined by Eq. (13), letting [again using 

(r,8) geometry to illustrate] 

define the coarse mesh. 

For each zone (k,ll) we compute the upward, downward, 

rightward, and leftward flows, 

the zone effective absorption, 

m 

lek jEk IF1 

and the isotropic component of the zone source, 

- -  
lek jEE 

where Q is the nonself-scatter portion of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS used in 

Eq. (35). i.e., the portion that does not change 

during iteration. If boundary-flux sources occur, 

they are placed in QQ,, in the zones along the 

boundaries. 

If now all fluxes are multiplied by the factor 

fkg, we obtain the equation (written with our sub- 

scripting convention) 

(47) 

by equating losses in the cell (outflows plus ab- 

sorption) to the sources (true source plus inflows 

from adjoining cells). 

deduced from a variational method using discontin- 

uous (zone step functions) trial functions. Other 

trial functions lead to more complicated equations .' 
With boundary conditions, Eq. (47) can be 

This equation may also be 

solved for the scale factors, fkR. 

boundary condition is a vacuum condition, then the 

corresponding incoming flow is zero, eliminating 

the unknown f from the equation. For reflecting 

and white boundary conditions, we set the factor 

outside the boundary equal the factor just inside 

the boundary. For example, suppose the right 

boundary is reflecting. Then, at the boundary we 

If the outer 

13 



set f k+l,R zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= fkR. 
both sides, we have 

Then, subtracting fkkFL,,, from 

fkfi(F\* - nk+J, + FLk-+ + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"E* + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFDk-+ + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAB) 

The term zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFR,,, - FLk+ is the net flow through the 

boundary and should vanish when the reflecting con- 

dition is satisfied. Such conditions are identically 

satisfied at the nonimplicit left and bottom bound- 

aries. With a periodic boundary condition, the out- 

going flux on, say, the bottom is used as the incom- 

k,R+l for the ing flux on the top. 

top boundary zone is replaced with fkR from the bot- 

tom boundary zone. 

for the bottom periodic boundary condition. 

Thus the factor f 

A similar replacement is made 

Equation (47) is solved iteratively, using a 

forward elimination, backward substitution on each 

k level. Iteration, including that for any periodic 

boundary condition, is performed in the R direction. 

If the iteration fails to converge after 200 itera- 

tions, if any factor becomes negative, or, if any 

denominator becomes zero, we set all fkR equal to 

the single-system factor given by 

(49) 

where NL is the system net leakage determined from 

the boundary net flows. 

are performed by subroutine REBAL. 

All of these operations zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2.  Outer Iteration Coarse-Mesh Rebalancing 

To accelerate the convergence of the outer it- 

eration process, we determine a different set of 

scale factors, f. We collapse the entire group 

structure to a single group, accumulating the 

coarse-mesh flows from each group. 

late the total absorption, 

We also calcu- 

IGM MT 

14 

To insure consistency, we define an effective u 
from the input cross sections by 

ag n 

IGM - 

When we are performing an adjoint calculation we 

must, because of the cross-section transposition, 

calculate a different effective absorption, 

The source for over-all-group rebalance con- 

sists of the group sum of the inhomogeneous source 

(if any) and the group sum of the fission source 

(if any). 

a source iteration to determine the rebalance fac- 

tors. If there is no inhomogeneous source, this 

iteration can also be used to estimate an eigen- 

value, say k eff. 

placing QQ in Eq. (48) by fkRFTkR/keff where FTkR 

is the total fission source. We choose to do this 

only for the first two outer iterations, thereafter 

considering the fission source to be a known inhom 

geneous source. All of these iterations are con- 

trolled by subroutine TESTS. 

If there is a fission source, we perform 

This can be visualized by re- 

The outer iteration rebalance process is ad- 

vantageous because it accelerates all types of 

problems, e.g., inhomogeneous source problems with 

upscatter andlor fission, or eigenvalue problems 

with or without upscatter. 

In both the within-group and over-all-group 

rebalancing calculations, the scale factors all 

usually approach unity in a few inner or outer iter- 

ations. 

3. Convergence Tests 

There are three levels of iterative processes 

in the TWOTRAN-I1 program: (1) the inner iteration, 

in which the within-group scattering source or the 

boundary flux at an implicit boundary (right or top) 

changes, (2) the outer iteration in which the fis- 

sion or upscattering source changes or which is 

caused by artificial inner iteration limitation 

(usually in inhomogeneous source problems), and 

(3) the parametric eigenvalue search iteration in 

which, after a converged outer iteration, the value 



of a coarse-mesh boundary, a material concentration, 

or a time absorption is changed. Two additional it- 

erations are required for the calculation of coarse- 

mesh rebalance factors, one for the factors them- 

selves and one for the coarse-mesh rebalance eigen- 

value. 

Two convergence precisions are input: EPS and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
XLAX. In a parametric eigenvalue search, two values 

of (r indicates iteration number) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(53) 

A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= Fission Sourcer + Inhomogeneous Source 
Fission Sourcep1+ Inhomogeneous Source 

are required to differ by less than XLAX before a 

new eigenvalue guess is computed. 

esses are tested against precisions derived from 

EPS. These precisions are 

A l l  other proc- 

EPSO = EPS outer iteration convergence 

EPSI = EPS inner iteration convergence 

EPSR = EPS/2 

EPSX = EPS 

coarse-mesh rebalance numbers 

collapsed group coarse-mesh conver- 

gence, both factors (5*EPSX) and 

eigenvalue (EPSX). 

In the inner iteration process, we require 

ij I (0' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+0 +or +Ejr 
ij i-1,j 1,j-1 I-1,j-1 

for the rth iteration where 0 is the scalar flux 

after application of rebalance factors. 

system is one interval wide in either direction, 

we require 

If the 

(55) 

instead. If the denominator in either Eq. (54) or 

Eq. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 5 5 )  is zero, we increment the quantity which 

is compared to EPSI by the numerator divided by TS, 

the total volume integrated source to the group. 

This allows both the numerator and denominator to 

be zero. If the number of iterations is greater 

than IITL, we stop inner iteration even if Eq. ( 5 4 )  

or Eq. ( 5 5 )  is not satisfied. 

For the iterative computation of the coarse- 

mesh scale factors in the inner iteration, we re- 

quire 

If fEil is zero we compute, noniteratively, a single 

factor, avoiding Eq. ( 5 6 ) .  No iteration is required 

if the system is only one coarse-mesh interval high. 

In the outer process, if both zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
l h  - 1 )  < EPSO and Max11 - fkR] < 5*EPSX 

kR 
, (57) 

the problem is terminated after one final outer it- 

eration. In the coarse-mesh iterative process 

(denoted with iterative superscript r) we require 

I ("Eoarse Mesh - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA11 < EPSX , 

if IEVT=l (keff calculations) and 

(59) 

if IEVT # 1 (parametric eigenvalue or inhomogeneous 
source plus fission problems). 

111. A GUIDE TO USER APPLICATION 

In this section we provide information needed 

by the user to understand TWOTRAN-11 options and to 

prepare input for the code. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A.  Overall Program Flow 

A schematic flow chart for TWOTRAN-I1 is given 

in Fig. 8 .  A more detailed flow chart is provided 

below in the section on programming information. 

B. Details of Program Options 

1. Cross Sections 

a. Input Formats 

The TWOTRAN-I1 program accepts cross sections 

either from the standard file ISOTXS,' in FIDO 

format,' or in the standard Los Alamos format. 

In upscattering problems, the program does not 

need the special aUp cross section which i s  re- 

quired in earlier Los Alamos programs!' 

TRAN-11, it is assumed that Oup is present, and 

aUp is automatically removed from card input cross- 

sections sets unless the user tags the input number 

IHT with a minus sign. Cross sections read with 

the FIDO format may not contain a''. 

In TWO- 

The Los Alamos cross-section format assumes 

that each nuclide is described by a block of cross 

sections of IHM rows for I G M  group columns. 

row position of cross sections is specified rela- 

tive to the total cross section, U (row IHT), and 

The 

t 
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Begin 

Begin Outer 
I terat ion Sweep 

through 
Groups 

Begin Inner 
I terat ion Sweep 

Fiss ion 
Source zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

no 
t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I 

Rebalance 
Factors 

Fig. 8. Simplified logical flow diagram for 
TWOTRAN- I I. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

s,g-tg' 
the within-group scattering cross section, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(J 

(row IHS). 

cross sections is as follows: 

It is assumed that the row order of the 

IHM 

group of lower energy than group g. 

U 

ity from group g-2 to group g. 

N groups of upscatter and M groups of downscatter; 

i.e., the scattering matrix need not be symmetric. 

However, all cross-section blocks must have the 

same values for IHM, IHS, and IHT. The fission 

cross section, uf, times the mean number of neu- 

trons per fission, v, must be located in row IHT-1, 

and the absorption cross section, ua, must be en- 

tered in row IHT-2. If a scattering matrix is used 

to represent (n,2n) reactions, that is, if d 

The symbol 

denotes the scattering transfer probabil- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9 g-2'g 

The format allows 

S,g-th 

n 

'n, 2n 

tr 
U 

U 

v'f 

U 
t 

s, g e M 3  
U 

ROW Cross-Section Type-Group g 

IIFP-4 

IHT-3 

IHT-2 

IHT-1 

IHT 

IHT+1 

IHS-2 

IHS-1 

IHS 

IHS+1 

IHS+2 

U 
s , i3 -W 

I H S M  

In this format, group g+1 corresponds to a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

/7 
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contains zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 times the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(n,2n) transfer probability 

‘n ,2n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA; g+h ’ then the value, 

‘n, 2n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 ‘n,2n;g+h ’ 
all h 

must be entered in IHT-4. The user is free to enter 

additional cross sections at the top of the format. 

These extra cross sections are not used in the cal- 

culation, but are available for reaction-rate compu- 

tations after the particle flux is obtained. It is 

sometimes convenient to locate the transport cross 

section, u in IHT-3 and use this cross section 

instead of u in the calculation of buckling cor- 

rections. 

tr’ 

t 

b. Cross Section Mixing 

The user is free,in TWOTRAN-11, to enter macro- 

scopic cross sections and bypass the mixing algo- 

rithms; specification of the input value MS = 0 is 

all that is required for this. 

must provide three sets of MS numbers which are 

If MS # 0, the user 

stored in the vectors MIXNUM, MIXCOM, and MIXDEN. 

These numbers are used in the following algorithm 

to manipulate cross section blocks: 

313 

310 

315 

no 315 M = 1, MS 

N = MIXNLTM(M) 

L = MIXCOM(M) 

AD = MIXDEN(M) 

DO 315 I = 1, IHM 

IF(L.EQ.0) GO TO 310 

IF((AD.EQ.O.o).AND. (IEVT.EQ.3)) GO TO 313 

C(1.N) - C(1.N) + AD*C(I.L) 
GO TO 315 

C(I,N) = EV*C(I,N) 

GO TO 315 

c(I,N) = AD*C(I,N) 

CONTINUE 

In this algorithm, cross section block N is created 

or altered by adding multiples of block L or by 

multiplying the block N by a factor. 

sider some examples. 

Let us con- 

Suppose we have entered 45 cross sections as 

Then any mixtures that are made must be 

Suppose we 

input. 

given block numbers highel*than 45. 

enter : 

*To preserve the input values. If these need not be 
saved, mixtures can be created in lower block num- 
bers. 

MIXNUM 

46 

46 

46 

47 

47 

47 

47 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 

48 

48 

48 

48 

49 

49 

49 

49 

49 

49 

MIXCOM MIWEN 

0 0.0 

1 0.0478 

20 0.0333 

0 (AD) 

0 

15 

14 

48 

0 

33 

34 

0 

49 

46 

0.0 

0.75 

0.25 

0.1179 

0.0 

0.0049 

0.0078 

0.0 

0.0 

0.5 

0.5 

0.187 

0.0 

0.1 

For this example we have MS = 17 instructions. In 

the first three instructions, block 46 is cleared 

(set to zero) and then made up of 0.0478 parts of 

block 1 and 0.0333 parts of block 20. If blocks 1 

and 20 are microscopic cross sections in barns, 

then 0.0333 and 0.0478 times lo2‘ are the atomic 

densities. In the second set of instructions, 

block 47 is cleared and then made up of 0.1179 

times the result of adding three-fourths of block 

2 to one-fourth of block 3. In the next set of 

instructions, block 48 is cleared and made up of 

portions of blocks 15 and 14. If IEVT (the input 

eigenvalue type option) I s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 ,  then the resulting 

block 48 is multiplied by EV (the input eigenvalue 

guess). 

attempts to find a value of EV such that the re- 

sulting concentration of block 48 renders the system 

critical. If IEVT # 3, the line of instructions 

48, 48, 0.0 would not alter the composition of 

block 48. In the final sequence, block 49 is made 

up of 0.187 times one-half of block 33 and block 34, 

and provision is made to search for the concentra- 

tion of this portion of 49 to which is always added 

0.1 of the previously mixed block 46. It should be 

clear that there are many possibilities not covered 

in these examples, but by examining the Fortran in- 

structions above, the user should be able to pre- 

pare his own sets of mixture instructions. 

In this type of problem the program 
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c. Anisotropic Cross Sections 

In the TWOTRAN-I1 program it is assumed that the 

But when the scattering matrix has been transposed, 

the effective absorption is 

scattering transfer probability can be represented 

by a finite Legendre polynomial expansion; i.e., 

that 
‘‘a’efb zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘t - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 ‘so,h+g 

all h 

where ISCT is an input control integer. Thus if 

ISCT > 0, additional blocks of scattering transfer 

cross sections must be entered for those nuclides 

for which anisotropic scattering sources are to be 

computed. In these blocks, the rows 1 through IHT 

are zero, and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAu (the energy average of 

U (E’ + E) in groups g and h) is entered as for 

the isotropic component of the cross section. 

assumed in TWOTRAN-I1 that blocks of anisotropic 

cross sections which are used in the calculation 

have block numbers in ascending sequence, starting 

with the isotropic cross-section block. For example. 

suppose that block 50 is the isotropic cross-section 

block for hydrogen and that ISCT = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3. Then, block 

51 must be Usl for hydrogen, block 52 must be Us2 

and block 53 must be us3. 

mixing two anisotropic scatters, then the anisotrop- 

ic blocks must also be mixed with the same densities 

to form anisotropic blocks for the material. 

88, k h  

sn zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e 

If a material i s  made by 

Anisotropic scattering sources may be computed 

selectively within each zone, but in all zones in 

which such sources occur, the number of anisotropic 

scattering blocks (ISCT) must be the same. 

d. Adjoint Cross Sections 

In adjoint calculations, cross sections are 

entered just as for a direct calculation. 

gram then transposes the scattering matrices and, 

because this usually changes a downscattering prob- 

lem to an upscattering problem, reverses the group 

order of the blocks. Further, the effective absorp- 

tion in an adjoint calculation is not simply related 

to u . That is, the effective absorption is nor- 

The pro- 

mally 

c 

(‘a) eff = ‘t - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 ‘so,g+h 
’ 

all h 

In regular and adjoint problems, these quantities are 

calculated and processed in mixing operations for use 

in the rebalancing algorithms. 

e. Cross Section Checking 

As input cross sections are processed, Eq. (61) 

is computed and compared to the input value of u 
a’ 

If the relative difference between the input total 

cross section and the computed total cross section 

exceeds EPS (outer convergence precision), the user 

is so informed. 

f. Pointwise Spatial Variation of Cross Sections 

If the user so desires, the macroscopic cross 

section at point (I,J), say C, can be modified by 

multiplication by the input separable factors XDF(1) 

and YDF(J) to give a pointwise spatial variation of 

cross sections, C(1,J) = C*XDF(I)*YDF(J). All cross 

sections actually used in the calculation are so 

modified. 

modifying factor, say XYDF(1,J) would be a simple 

matter, but would require more storage space. 

Changing the program to use a more general 

2. Geometry and Boundary Condition 

Specification 

a. Material Mesh and Rebalance Mesh Coincide 

To specify the domain of the problem, the user 

supplies IM+1 coarse-mesh I-boundaries (defining IM 

intervals) and JMel coarse-mesh j-boundaries. 

cept for the first radius in cylindrical geometries, 

these sets need not begin at 0.0, but both sets must 

form a monotone increasing sequence. The user also 

supplies IM integers which indicate how many fine- 

mesh 1 intervals are in each coarse-mesh interval, 

k, and JM integers to indicate the number of fine- 

mesh j intervals in each coarse-mesh interval, R. 

The fine-mesh spacing is uniform between the coarse- 

mesh boundaries. Finally, the user specifies the 

boundary condition on each of the four (left, right, 

bottom, top) boundaries. 

Ex- 

The coarse-mesh boundaries define IMxJM zones. 

The user must supply a number for each of these 

zones to designate which cross-section block belongs 

in the zone. If anisotropic scattering i s  present 

n 

n 
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in any zone, the block number for the zone is made 

negative. This indicates (as noted above) that the 

next ISCT blocks in numerical sequence contain the 

anisotropic cross sections for this zone. 

All of the above information is converted by 

subroutine MAPPER to a pictorial description of the 

system. A sample is shown for (x,y) geometry. 

Materials by broad zone. Origin at lower left. M 

is number of fine intervals/broad row (column). 

Y 

ROW M zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
10.9000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 4  

6.5400 

1 6  

0.0000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
X 

M 

COLUMN 

1000000000000 
1 * 0  
1 -5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA* -7 0 
1 * 0  
~***********o 
1 * 0  
1 -5 * -5 0 
1 * 0  
1111111111111 

0. 6 .  10. 

0 5400 9000 

6 4  

1 2  

In the problem pictured, the left and bottom 

boundaries are reflecting (1's) and the right and 

top boundaries are vacuum boundaries (0's). The 

square system extends from 0.0 to 10.9 in x with 

a coarse-mesh boundary at 6 . 5 4 .  In the first coarse 

x interval there are six fine intervals; in the 

second, four. The same spacing is used in the y 

direction. In three zones, cross-section block zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi s  

used, and, as indicated by the negative tag, aniso- 

tropic scattering is to be computed in these zones. 

Similarly, block zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 and anisotropic scattering are 

used in the remaining zone. (One can deduce that 

the scattering is linearly anisotropic (ISCT=l) be- 

cause block 6 must be an anisotropic block and block 

7 is used as an isotropic block). If one desires to 

assess the effect of anisotropic scattering in the 

zone with material 7, the only input change neces- 

sary is the change of -7 to +7. 

Although zones defined by coarse-mesh bound- 

aries normally coincide with material discontinu- 

ities, it may sometimes accelerate convergence if 

artificial boundaries are introduced. This is so 

because of the rebalancing algorithm which enforces 

particle conservation within each zone as the itera- 

tion proceeds. 

The above example is for (x,y) geometry. The 

same procedures are followed in the other geometries 

in which r plays the role of x, and 0 or z play the 

role of y. In (r,9) geometry the entire left bound- 

ary of the figure drawn by MAPPER corresponds to a 

single point, the origin. 

b. Material Mesh Does Not Coincide With 

Rebalance Mesh 

If the user desires, he may specify a material 

mesh and a separate rebalance mesh. This is useful 

in two classes of problems. In the first class, 

there are so many different materials used in the 

calculation that a large (several hundred or more) 

number of coarse-mesh rebalance cells would be re- 

quired. In this case, using a smaller rebalance 

mesh can result in a significant storage reduction. 

In one problem, reducing the number of coarse-mesh 

cells from 459 to 64 saved 3146 words of core storage 

and 9816 words of peripheral storage. In the second 

class of problems, it may be desirable to use a var- 

iable fine-mesh spacing near a material interface to 

allow for a rapidly changing flux. This too might 

require a large number of coarse-mesh cells, but it 

also might lead to an instability in the rebalance 

algorithm because each fine-mesh cell would coincide 

with a rebalance cell in an area of rapidly changing 

flux. Generally speaking, the rebalance algorithm 

is  the more stable, the coarser the rebalance mesh. 

However, it is usually stable and the more effective zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i n  accelerating convergence the finer the rebalance 

mesh. 

To specify a separate material mesh the user 

enters an additional set of mesh boundaries (IMC+l 

radial and JMC+1 axial) and additional sets of inte- 

gers (IMC radial and JMC axial) indicating how many 

fine mesh intervals are in each material coarse mesh. 

The extra boundaries and integers then describe the 

material mesh for which the user must provideIMC x 

JMC numbers to specify the material used in each 

zone. The mesh boundaries and integers normally 

supplied are used to define the IM x JM rebalance 

zones. 

of these two meshes. The rebalance coarse-mesh 

boundaries must coincide with some material-mesh 

boundary, and the number of fine mesh intervals de- 

fined by both meshes zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm s t  be the same. 

There are two restrictions on the generality 
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If an edit is required when the optional sepa- 

ration of the material mesh and rebalance mesh is 

specified, then angular fluxes are stored to gener- 

ate edit quantities. Some of the storage gained in 

separating the meshes may then be lost. This is 

particularly true for peripheral storage because two 

entire angular flux arrays are stored. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 .  Source Options 

The zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATWOTRAN-I1 user may specify an anisotropic 

distributed source or the boundary flux at the top 

and/or bottom and/or right boundaries of the system. 

The inhomogeneous distributed source must be rep- 

resented by the finite spherical harmonic expansion 

IQAN n 

nu0 k=O 

in which IQAN is an input number designating 

order of anisotropy of the source, and R is 

spherical harmonic defined in Eq. ( 4 )  above. 

these terms, 

k 
n 

1 2a 

We have written the integral in this equation over 

the entire range of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAv and used a 4 a  normalization 

of the integral, but it should be clear that Q 

must be symmetric in v[Q (v) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= Qg(-V)], and this we 

have noted by writing Q 

alone. 

g 

g 
as a function of 1.4 and n 

g 

In addition to specifying IQAN, the user must zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
g 

enter [(IQAN + l)(IQAN + 2)]/2 components of Q 

multiplied by (2n + 1); that zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAis,  the user must 

enter 

k 
(2n + l)Qgn k = 0, 1, ..., n 

n = 0, 1, ..., IQAN 
in the order shown in Table 111. 

When using the anisotropic distributed source op- 

tion, the order of anisotropic scattering, ISCT, 

must be at least as large as IQAN so that the req- 

uisite number of scattering coefficients Rn are 

computed . 
k 

The user is also allowed to specify the value 

of the incoming flux along the top and/or right 

and/or bottom boundaries. 

organization of TWOTRAN-11, the user must supply two 

blocks of MM values at each point along the boundary. 

For example, at each point along the right boundary 

the user must supply MM boundary fluxes (QR1) for 

the in-down directions (l.4 < 0, rl < 0) 

Because of the quadrant 

TABLE 111 

ORDERING OF ANISOTROPIC 
DISTRIBUTED SOURCE COMPONENTS 

Component 
Number n - 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9. 

10. 

0 

1 

1 

2 

2 

2 

3 

3 

3 

3 

k 

0 

0 

1 

0 

1 

2 

0 

1 

2 

3 

- 

etc. 

and MM values (QR2) for the in-up directions 

(p < 0, 0 > 0). The ordering of these values i n  

direction corresponds directly to the ordering of 

direction cosines given in Fig. 4 .  The detailed 

input ordering is described in the next section. 

An incoming flux on the boundary corresponds 

to a source of particles which is computed from 

JT MM 

j=l mil 

for the right boundary and from 

IT MM 

Source = 2 1 wmnm(QT1m,i + QT2m,i)Bi ( 6 7 )  
i=l m=l 

IT MM 

n 
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for the top and bottom boundaries. The sum of the 

values of these sources for all groups is added to 

the value (if any) of the volume-energy integrated, 

distributed sources for the purpose of normalization 

of all inhomogeneous sources. 

4. Source and Flux Input Options 

a. Source Input Options 

If a source of anisotropy IQAN is designated, 

the NMQ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= [(IQAN+l)(IQAN+2)]/2 components of the 

source must be entered for each group in the order 

listed above. This may be accomplished with the use 

of six options designated by the input value of 

IQOPT. For IQOPT=O, a value of zero is automati- 

cally entered for all elements of the distributed 

source, and then input boundary fluxes are read. 

In the remaining options, the various arrays de- 

scribed below are supplied for each group, first for 

group 1, then for group 2, and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAso forth, ending with 

group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIGM (the lowest energy group if the Los Alamos 

cross-section format is used). For each group the 

boundary sources (if any) are entered after the dis- 

tributed source. If distributed or boundary sources 

are specified in any group, values must be entered 

in all groups. 

each group is 

The ordering of source input within zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1. [(Qgijn, 1 = 1, IT), j = 1, JT] for n = 1, NMQ 

2. Optionally: a. [(QRlgjm, j = 1, JT), m = 1,MM], 

then 

b. 1(QR2gjm, j = 1, JT), m = 1 , W  

a. [(QBlgim, i = 1, IT), m = 1,MM] zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
b.  [(QBZgim, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi = 1, IT), m = 1,MMI 

a. [(QTlgim, i = 1, IT), m = 1,MM] 

b. [(QTZgim, i = 1, IT), m = 1,MMl. 

The above notation is that of standard Fortran. For 

example, the source Q is entered in NMQ blocks of 

ITxJT numbers, in a continuous stream, the first IT 

numbers for j = 1, the next IT numbers for j = 2, 

etc., all for n = 1. Then, for n = 2. IT numbers 

are entered for j = 1, and so on. For the boundary 

fluxes, the QRl block corresponds to the in-down 

directions and the QR2 block to the In-up directions. 

Each of these blocks is entered by supplying JT num- 

bers for m = 1, then JT numbers for m = 2, etc. 

The top boundary flux block, QT1, is for fluxes in 

3. Optionally: 

then 

4. Optionally: 

then 

the in-down direction, and the block QT2 is for the 

out-down directions. The block QBl is for in-up 

directions, and QB2 is for out-up directions. 

In addition to IQOPT=O in which Q is auto- 

matically set to zero, there are five other options 

to simplify the reading of Q 

all executed for each anisotropic component of Q, 

i.e., for n = 1, 2 ,  ..., NMQ. These options are: 

g u n  

These options are 
gun’ 

IQOPT=l 

IQOPT=2 

IQOPT=3 

IQOPT=4 

IQOPT=5 

Enter an energy spectrum (GR 

for each n. Then 

n, g=1, IGM) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
g t  

= GR for all i and j for each 
Qgijn g,n 

g and n. 

Enter the complete array Q as described 

above. 

Enter first a spectrum (GR g=1, IGM) as 

in option 1. Then enter a shape 

[(Fijn, i = 1, IT), j = 1, JT] in a contin- 

uous block of ITxJT numbers. Then the 

source is made by 

Qgijn g,n ijn 

each g and n. 

Enter a spectrum (GR g=l, IGM), an 

i-directional spatial shape (X i=1, IT), 

and a j-direction spatial shape 

(Yj,n, j=1, JT). 

by Qjijn = GR X Y for all i and j 

for each g and n. 

The entire source is read from a standard 

interface file FIXSRC mounted on unit 

IFIXSR. 

g u n  

g,n’ 

= GR F for all i and j for 

g rn’ 

i,n 

The source is then given 

g,n i,n jrn 

b. Flux Input Options 

Options for reading an input flux guess are 

similar to those for reading an input source. If 

ISCT is the order of anisotropic scattering, then 

there are NM = (ISCT+l)(ISCT+Z)/Z spherical harmonic 

components of the angular flux.* Options for enter- 

ing these components are selected by the input value 

of the integer ISTART. A negative value for ISTART 

indicates that only the angle-integrated or scalar 

flux is to be read. Allowed values of ISTART are: 

* 
These components are ordered exactly as are those 
of anisotropic sources. See Table 111. 
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ISTART zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-3 

-2 

-1 

OPTION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
An entire scalar flux guess from standard 

interface file RTFLUX or ATFLUX is read 

from unit zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAITFLUX. 

Same as option 4 except that only the first 

(isotropic) component of the NM components 

is entered. 

Same as option 3 except isotropic compo- 

nents only. 

Same as option 2 except isotropic compo- 

nents only. 

Same as option 1 except isotropic compo- 

nents only. 

No flux guess required, but a fission 

guess (unity in every mesh cell) is auto- 

matically supplied. 

As in source option 1, a spectrum is sup- 

plied so that 

The entire array FLUX is entered in 

blocks of ITxJT continuous numbers first 

for the first component, then the second, 

up to NM components. 

is repeated for the next group. 

that fluxes are read by: 

gijn 

Then this process 

Imagine 

D0 10 G zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 1, IGM 
D 0 l O N - 1 ,  NM 

10 READ ((FLlJX(G,I,J,N), I = 1, IT), 

J = 1, JT). 

Just as in source option 3 ,  a spectrum and 

an (i,j) shape are entered. Then the flux 

is given by 

Just as in source option 4 ,  a spectrum, an 

i shape, and a j shape are read so that 

the flux is 

A problem-restart dump is read from unit 

NDuMPl. 

5. Flux Dumps and Restart Procedures 

Three types of dumps are taken and each dump 

has the same form and may be used to restart a prob- 

lem. A periodic dump is taken every M minutes where 

M is a program variable which can be set to meet 

particular installation requirements. A final dump 

is always taken after the successful completion of 

n a problem, and a time limit dump is taken after a 

user-specified period of time. Dumps are written 

alternately on units NDUMPl and NDUMP2 depending on 

which is free; an output message is written to indi- 

cate which unit contains the latest d b p .  

When problem execution is continued using a re- 

start dump, certain input parameters can be changed 

and edit specifications can be added or modified. 

It is even possible to use the program to edit a 

final dump. However, if this option is selected and 

more information is required to perform the edit, 

one more outer iteration may be required before the 

edit is performed. An example of this situation is 

the editing of a problem for which the material mesh 

and rebalance mesh differ and for which neither angu- 

lar flux storage nor an edit was requested until the 

restart using the final dump. 

iteration is required to store the angular fluxes 

to be used during the edit. Similarly, if a restart 

of a final dump is performed to create a standard 

interface angular flux file, then another outer iter- 

ation is required to create these fluxes unless the 

problem had already required their storage. 

Then an extra outer 

To restart a problem, a special problem input 

deck, consisting of three sections, is required. 

The first section is the same as the normal problem 

integer input with the value of ISTART set to six. 

During restart all other integer values are ignored. 

The second section of restart input makes use of the 

namelist feature standard to FORTRAN to permit the 

user to change certain input parameters (those 

listed below) and to enter only those he wants to 

change. If no changes are desired, this section is 

omitted. 

The special character for beginning and termi- 

nating a namelist block may vary from machine to 

machine. On CDC computers the dollar character is 

used. 

Columns two through eight must contain STWOINP, and 

column nine must contain a blank for the first card. 

Using entries of the free-field form name = value, 

the user defines his changes, separating different 

entries by commas and ending the last entry with a 

dollar sign. 

vided that the last entry of the preceding card ends 

with a comma. The integers which may be changed are: 

The first column of namelist cards is ignored. 

Continuation cards are permitted pro- 

1. IITL Maximum number of inner iterations. 

2. ITLIM Time limit. 
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3 .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIEDOPT Edit options. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 .  I2 Final flux print indicator. 

5. I 4  Final fission print indicator. 

6. I6 Coarse-mesh balance table print 

indicator. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7.  IANG Angular flux storage indicator. 

8. IF0 Interface file output indicator. 

The floating point values which may be changed are: 

1. EV Eigenvalue guess. 

2.  EVM Eigenvalue modifier. 

3 .  PV Parametric value of keff or alpha. 

4 .  XLAL Search lambda lower limit. 

5. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXLAH Search lambda upper limit. 

6. XLAX Fine-mesh search precision. 

The third section of restart input is the edit 

section. The composition of the edit input section 

is determined by the value of IEDOPT after the name- 

list section is read. If the original problem had 

IEDOPT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA> 0 and if IEDOPT is not changed to zero or 
minus five on restart, then the edit input must be 

re-entered. 

amined. If the sign is positive, the problem pro- 

ceeds normally to convergence. 

IEDOPT is negative and all information required for 

an edit exists, the final output portion of the pro- 

gram is executed at once with no inner iterations. 

If the sign of IEDOPT is negative and all the in- 

formation required for an edit does = exist, a 
final computational pass is made through all groups 

prior to execution of the final output portion of 

the program. 

minus five is provided which requires no edit input 

to gain entry into the final output portion (e.g., 

to create an interface file). 

Upon restart the sign of IEDOPT is ex- 

If the sign of 

A pseudo edit option of IEDOPT equal 

6. Coarse-Mesh Rebalancing 

All of the operations of the coarse-mesh rebal- 

ancing algorithms are automatic. The user, however, 

can select the zones in which particle balance is to 

be enforced. The zones needed to describe material 

discontinuities normally provide all the zones nec- 

essary for rebalance, but in homogeneous or nearly 

homogeneous systems it is frequently advantageous to 

add zones to accelerate convergence. Experience has 

shown that there is a problem-dependent optimum num- 

ber of zones which most rapidly accelerates conver- 

gence. 

the coarse mesh coincides with the fine mesh. 

This number is close to the limit in which 

However, too many coarse-mesh zones waste core stor- 

age and computing time. 

The user should keep in mind that the solution 

of the coarse-mesh equations is iterative. A single 

line inversion in the i-direction is made, starting 

at the bottom j-level and moving to the top. If the 

system is a single coarse-mesh zone high, then there 

is no iteration, but in a large many-zoned system 

(particularly a thermal system) the inversion of the 

five-point rebalance equations may become time-con- 

suming. 

A zone-dependent balance edit is automatically 

made for each of the rebalance regions. Inflows, 

outflows, absorptions, and sources are given for 

each zone so that it is sometimes convenient to con- 

struct a zone simply to obtain this edit. 

7.  Eigenvalue Searches 

It is possible in TWOTRAN-I1 to adjust nuclide 

concentrations, system dimensions, or the value of 

the time absorption to achieve a desired value of 

keff. 
unless the parametric eigenvalue trigger (IPVT) is 

set to unity. In this case, the parametric value 

of keff is entered as an input number. If IPVT=2, 

a l / v  absorber of value PV is added to the problem 

in each space cell. 

This value is taken to be unity (criticality) 

The modification of cross-section concentra- 

tions takes place as indicated in Section 1II.B.l.b. 

This type of problem is run when the eigenvalue 

type indicator (IEVT) is 3 .  If IEVT is 2 (time ab- 

sorption computation), the value EV/v is added to 

the absorption and total cross sections in each zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
group. Here v is  the speed associated with energy 

g zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
g 

group g. If IEVT = 4 ,  the coarse-mesh boundaries 

can be modified selectively. Either the i-bound- 

aries (IXM = 1) or the j-boundaries (IYM = l), or 

both, can be altered. In each case the modified 

boundaries (XRADA or YRADA) are calculated from the 

initial boundaries zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( X R A D  or YRAD) by 

YRADAR+l 
YRADAR + (YxADR+l - YRADR)*(l + EV*YMR) 

(70) R = l ,  2 ,  ..., JMC , 

where IMC and JMC are the number of material mesh 

intervals. 
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In these equations, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXM and YM are zone modification 

coefficients that must be entered by the u8er. 

Clearly, if one of these numbers is zero, that par- 

ticular zone is not altered. If all XM are unity, 

the i-dimension is uniformly expanded or contracted. 

Many sophisticated changes can be made. For example, 

an interface between two zones can be moved while 

the rest of the system is left unchanged. 

Regardless of the parameter being adjusted, the 

eff 
search is executed by performing a sequence of k 

calculations, each for a different value of the 

parameter being treated as the eigenvalue. Each of 

the successive k calculations is accelerated by 

coarse-mesh rebalancing, but the search for the de- 

sired value of keff is conducted by subroutine 

NEWPAR. Regardless of the nature of the problem, 

the search is for a value of the parameter which 

makes the value of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA defined in Eq. (53) unity. 

eff 

In the following description of NEWPAR, it is 

helpful to refer to Fig. 9 in which the deviation 

of X from unity is plotted against outer iteration 

number. 

For the initial system, NEWPAR continues outer 

iteration until two successive values of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh differ 

by less than EPSO. For subsequent sequences of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA 

values, a different convergence precision, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXLAX, is 

used. After the first converged h sequence is 

(I-) 

XLAH- 

XLAL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
( 

INITIAL SYSTEM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
P--- 

obtained, the initial value of the eigenvalue (EV) 

is altered by EVM, an input value. If A > 1 (multi- 

plying system), the new eigenvalue is equal to 

EV + EVM; if A < 1 (decaying system), the new value 

is EV - EVM. These alterations correspond to the 

addition or the subtraction of an absorption, e.g., 

as in a time-absorption search or a poison-concen- 

tration search. However, certain system changes 

act as negative absorptions, and the user must ad- 

just the sign of EVM accordingly; otherwise the 

modification made will take the system away from 

the desired value of k and the search will take 
eff 

longer. For example, if all I-dimensions are al- 

tered uniformly, an expansion acts as a negative 

absorption, and thus a negative value of EVM should 

be used. 

Basically, after two values of k (A) are 
eff 

obtained for two different system configurations, 

subroutine NEWPAR attempts to fit a curve through 

the most recent values to extrapolate or interpo- 

late to a value of unity. Depending on the amount 

of information available and the size of 11 - A I ,  

this fit proceeds in different ways. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA parabolic 

fit cannot be made until three converged values of 

h are available, and is not attempted unless 11 - A I  

is greater than an input-search lower limit (XLAL) 

and less than an input-search upper limit (XLAH). 

LIMITED LINEAR FIT 

I 
' 

INITIAL EIGENVALUE ADJUSTED zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8Y EVM 

/ 
I 

ATTEMPTED 
PARABOLIC FIT 

CHANGING VALUES OF EV 

FIX I 

I I I I I I & LINE, 

".I, 

30 OUTER ITERATION NUMBER 
5 IO IS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA20 25 

n 

Fig. 9. Variation of A during a hypothetical eigenvalue search. 
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I f  a parabo l ic  f i t  is  t r i e d  and t h e  r o o t s  a r e  Imagi- 

nary,  a s t r a i g h t - l i n e  f i t  is used. I f  t h e  r o o t s  

a r e  not imaginary, t he  c l o s e s t  roo t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAis used as t h e  

new va lue  of EV. Once a bracket i s  obtained (change 

of s i g n  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 1) .  t h e  f i t  procedure i s  not allowed 

t o  move ou ts ide  t h e  reg ion of t h e  bracket .  Should 

a parabo l ic  f i t  s e l e c t  an eigenvalue ou ts ide  t h e  

bracket region, t h i s  va lue is re jec ted  and the  new 

value is taken t o  be one-half t h e  sum of the  pre- 

v ious  va lue and t h e  va lue previous t o  t h a t .  

Whenever t h e  parabol ic  f i t  is not used, a 

l i n e a r  f i t  is used and t h e  new eigenvalue is com- 

puted from 

where POD is an input  "parameter o s c i l l a t i o n  damper" 

which may be used t o  r e s t r i c t  t he  amount of change 

i n  t h e  eigenvalue. I n  Eq. (71),  EQ is a measure of 

t h e  s lope of t h e  curve. When 11 - 
(1 - X) i n  Eq. (71) is replaced by 

c o r r e c t  s ign )  t o  prevent too l a r g e  

Af ter  11 - A (  < XLAL, t h e  va lue  of 

kept constant  u n t i l  convergence t o  

d i f f i c u l t y  i n  t h e  approximation of 

when zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh is c l o s e  t o  un i t y .  

X I  ' U s  

XLAH (wi th t h e  

a change i n  EV. 

EQ is f ixed and 

prevent numerical 

t h e  d e r i v a t i v e  

Because parametr ic search problems represent  

sequences of keff ca lcu la t ions ,  i t  behooves the  

user  t o  s tudy t h e  use of subrout ine NEWPAR i n  order  

t o  opt imize h i s  ca lcu la t ions .  It a l s o  behooves the  

user  t o  pose so lub le  problems. That is ,  t h e r e  are 

many problems, e s p e c i a l l y  concentrat ion searches,  

f o r  which so lu t ions  are not  poss ib le ,  and discover-  

ing t h i s  by t r i a l  and e r r o r  is t h e  hard way. Ideal-  

l y ,  t h e  user  w i l l  have some es t imate  of t h e  c r i t i c a l  

parameter a v a i l a b l e  from a lower order  computation. 

Convergence i n  time-absorption ca lcu la t ions  is  

t y p i c a l l y  one-sided. That is,  i f  EV is negat ive,  

then t h e r e  i s  a p o s s i b i l i t y  t h a t  t h e  denominator of 

Eq. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(8) w i l l  become negat ive.  I f  t h i s  happens, t h e  

automat ic search procedure f a i l s  (dramat ica l ly ) .  

For t h i s  reason POD = 0.5 o r  less is f requent ly  used 

i n  such searches.  

8. Adjoint  Computations 

The TWOTRAN-I1 program solves t h e  a d j o i n t  

t ranspor t  equat ion by t ransposing t h e  matr ices of 

s c a t t e r i n g  c o e f f i c i e n t s  and inver t ing  t h e  group or-  

d e r  of t h e  problem. The so lu t ion  of t h e  r e s u l t i n g  

f 

problem i n  d i r e c t i o n  R is then i d e n t i f i e d  wi th t h e  

so lu t ion  of t h e  a d j o i n t  equat ion in d i r e c t i o n  -Q. l 1  
+ 

The invers ion of t h e  group order  is made be- 

cause t h e  t ranspos i t ion  of t h e  s c a t t e r i n g  matr ices 

usual ly  conver ts  a downscatter ing problem t o  an up- 

s c a t t e r i n g  problem. Because of t h e  invers ion,  t h e  

user must; 

(a) Enter any inhomogeneous sources, inc lud ing 

boundary f l uxes ,  i n  inverse  group o rde r ,  

(b) Enter any f l u x  guess i n  inverse  group 

order ,  and 

( c )  Remember t h a t  any output  is in i nverse  

group o rde r ,  i .e . ,  t h a t  groups labeled 1, 2 ,  ..., 
a r e  r e a l l y  group IGM, I G M  - 1, e t c .  

S imi lar ly ,  t he  output f l u x  from an a d j o i n t  problem 

must be inver ted before i n s e r t i o n  in a d i r e c t  prob- 

l e m .  On t h e  o ther  hand, an output f l u x  from one 

ad jo in t  problem is i n  t h e  proper group order  f o r  use 

i n  another ad jo in t  problem. 

The group order  of t h e  group speeds and t h e  

f i s s i o n  spectrum is inver ted by t h e  program. 

9.  Edi t  Option8 

During an op t iona l  f i n a l  o u t e r  i t e r a t i o n ,  a 

balance t a b l e  can be prepared f o r  each coarse-mesh 

zone i n  each group. This t a b l e  l ists t h e  absorpt ion,  

source, inf lows, and outf lows f o r  each coarse-mesh 

i n t e r v a l .  The absorpt ion i n  t h i s  t a b l e  is a c t u a l l y  

t he  removal r a t e  used i n  the  coarse-mesh rebalance. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
An i d e n t i c a l  balance t a b l e  is a l s o  prepared f o r  the 

sum of t h e  q u a n t i t i e s  over a l l  groups. I n  t h i s  

t a b l e  t h e  group sum of t h e  t r u e  absorpt ion appears.  

I n  add i t ion  t o  these balance t a b l e s ,  t h e  user  

of TWOTRAN-I1 may a l s o  e d i t  t he  output i n  a v a r i e t y  

of ways. F i r s t  of a l l  t he  user  may ob ta in  a macro- 

scopic a c t i v i t y  e d i t .  I n  t h i s  e d i t ,  t h e  a c t i v i t y  of 

c ross  sec t ions  1 through IHT is  computed f o r  each 

group f o r  t h e  macroscopic c r o s s  sec t ions  used i n  t h e  

problem. These a c t i v i t i e s  are computed f o r  e d i t  

zones def ined by t h e  user  by en ter ing  sets of num- 

bers  which i d e n t i f y  each mater ia l  mesh c e l l  w i th  an 

e d i t  zone. 

as des i red .  That is,  t h e  user  may perform t h e  e d i t  

ca lcu la t ion  f o r  as many zone conf igurat ions as he 

chooses. An e d i t  zone is simply a c o l l e c t i o n  of 

material mesh c e l l s  wi th t h e  same zone number. The 

material mesh c e l l s  of a zone need not  be contiguous. 

I n  add i t ion  t o  t h e  macroscopic a c t i v i t y  e d i t ,  t h e  

As many such sets of numbers may be used 
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user is also given the zone right, left, top, bottom, 

and net leakage, the zone source integral, and the 

zone flux integral. The zone absorption is given by 

the macroscopic activity for the cross section IHT-2. 

The user may also obtain all the above informa- 

tion plus a microscopic activity edit. For this 

edit, the user enters the number of microscopic ac- 

tivities he desires and the cross-section block 

numbers of the microscopic cross sections he is in- 

terested in. Cross-section blocks for this edit 

must appear in the MIXNUM array; i.e., they must be 

part of the mixture specifications. If the micro- 

scopic cross section appears in several mixtures, 

the total density of the material appearing in the 

table is used in calculating the activity. To edit 

a material which is not actually part of the prob- 

lem, the user may simply add a mixture instruction zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
to the mixture tables; or, i f  interested in  only a 

few cross sections, he may add these cross sections 

to other blocks in rows IHT-5, IHT-6, etc. 

For either the microscopic or the macroscopic 

edit, the user may also obtain a zone relative power 

density. In this calculation, the group sum of the 

zone volume integral of the fission rate (times zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAV,  

the number of secondaries per fission) is divided by 

the zone volume, for all zones. These numbers are 

then normalized to (divided by) the value of this 

quantity for a user-designated zone. If the user 

selects zone zero, the normalization is to the whole 

system power density. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A l l  of the edit calculations are performed in 

Certain rearrangements of core subroutine EDITQR. 

storage are made by subroutine EDCALL, and a picture 

of the edit zones is drawn by EDMAP. Edit input 

must be entered for any problem restart, and thus 

can be changed at this point. 

may also be edited by using it as a restart dump for 

the same problem. 

Any of the normal edit options may be performed 

immediately, i.e., without further iterative calcu- 

lation, from any dump tape by tagging the edit op- 

tion input number IEDOPT negative. The input re- 

quired for the edit is that required for a normal 

problem restart. 

required for such an edit, one complete outer itera- 

tion is performed to provide it. The negative edit 

option may be used to repeatedly edit, in different 

ways, a final dump tape. 

A Final Dump tape 

If angular flux information is 

A special edit option of IEDOPT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-5 provides 

a means of restarting a problem and going directly 

to the output section, say to print output previ- 

ously suppressed or to create a standard interface 

f ile. 

C. Data Input Rules 

Except for the control parameters, cross sec- 

tions, and edit parameters, all floating-point num- 

bers and integers are read into TWOTRAN-I1 in 

special formats. These formats are [6,(11,12,E9.4)] 

for reading floating-point numbers and [6, (11,12,19)] 

for integers. In each word of both of these for- 

mats, the first integer field, 11, designates the 

options listed below. The second integer field, 12, 

controls the execution of the option, and the re- 

mainder of the field, I9 or E9.4, is for the input 

data. All data blocks read with these formats must 

be ended with a 3 i n  the I1 f ie ld  after the las t  

word of the block. 

in Table V. 

The available options are given 

TABLE V 

OPTIONS FOR SPECIAL READ FORMATS 

Value of I1 

0 or blank 

Nature of Option 

No action 

Repeat data word in 9 field number of 

times indicated in I2 field. 

Place number of linear interpolants 

indicated in I2 field between data 

word in 9 field and data word in next 

9 field. 

Terminate reading of data block. 

must follow last data word of all 

blocks. 

Fill remainder of block with data 

word in 9 field. 

be followed by a terminate ( 3 ) .  

Repeat data word in 9 field 10 times 

the value in the I2 field. 

Skip to the next data card. 

Not allowed for integers. 

4 

This operation must 

Five illustrations of the use of the special for- 

mats are given below. These illustrate: 

1 - Zero is repeated 47 times. 
2 - Zero is repeated 470 times. 
3 - Four interpolants are inserted between 0.0 and 

5.0 giving six data numbers: 0.0, 1.0, 2.0, 

3.0, 4.0, 5.0. 

n 
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4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- Four interpolants are inserted between 0.0 and 
5.0, two between 5.0 and 7.0, and 7.0 is re- 

peated 10 times. 

5 - After reading 0 and 4 we skip to next card and 
read zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I1 I2 11 12 11 I2 11 I2 

A special routine, WRITE, is used to print most 

of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthe two- and three-dimensional arrays that occur 
in the program. This routine can be used for one-, 

two-, or three-dimensional arrays and has an option 

for printing a portion of an array, e.g., the mixed 

cross-section blocks, if any. When fluxes, sources, 

and fission rates are printed, they are oriented 

Number of Name of 

Word on Card Variable 

CONTROL INTEGERS (1216) 

1 ITH 

2 ISCT 

3 

4 

5 

6 

7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 

9 

10 

11 

ISN 

IGM 

IM 

m 

IBL 

IBR 

IBB 

IBT 

IEVT 

with the origin at the lower left of the page, cor- 

responding to the picture drawn by MAPPER. 

D. Description of Input Data 

In the following pages the input data for TWO- 

TRAN-11 are listed in exactly the order in which they 

are entered in the code. The data are divided into 

three categories: (1) job title cards, ( 2 )  control 

integers on cards 1 through 3 and control floating- 

point numbers on cards 4 and 5, and (3) problem- 

dependent data on subsequent cards. Categories (1) 

and (2) can be entered on the form shown in Fig. 10. 

1. Job Title Cards 

The user begins by indicating on a card in an 

I6 format the number of title or job description 

cards he wants to use. He then enters the descrip- 

tive material on these cards which are read with a 

18A4 format. 

2. Input of Control Numbers 

On cards 1 through 3, the user enters the fol- 

lowing control integers which are read in a 1216 

format, except as noted: 

CARD 1 ........................................................................... 
011 (direct/adjoint) type of calculation to be performed. 

O/N (isotropic/Nth-order anisotropic) order of scattering calculation. There 

are NM=(ISCT + l)(ISCT + 2)/2 spherical harmonics flux components computed. 

These are not used to compute a scattering source unless some zone material 

identification number is negative. See IDCS below. 

S Order. Even integer only. If negative, quadrature coefficients are taken 

from interface file SNCONS. Otherwise (for ISN = 2 through 16) built-in con- 

stants are used. 

Number of groups. 

Number of rebalance coarse-mesh intervals in the 1-direction. See entries 

IMC and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXRAD below. 

Number of rebalance coarse-mesh intervals in the j-direction. See entries 

JMC and YRAD below. 

Left boundary condition: 011 vacuum/reflective. 

Right boundary condition: 01112 vacuum/reflective/white. 

Bottom boundary condit ion : 

Top boundary condition: 0/1/2/3 vacuum/reflective/white/periodic. 

Eigenvalue type - 0/1/2/3/4 - inhomogeneous source (Q)/keff calculation/time 
absorption (alpha) search/nuclide concentration (C) searchlzone thickness 

(delta) search. 

0111 213 vacuum/ref lec tive/white/per iod ic . 
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MT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MTPS 

MCR 

MS 

IHT 

IHS 

IHM 

IQOPT 

IQAN 

IQR 

IQB 

IQT 

IPVT 

IITL 

IXM 

CONTROL INTEGERS (516, 611 

1 (16) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIYM 

Total number of materials (cross-section blocks including anisotropic cross 

sections) in the problem. 

Number of input material sets from the interface file ISOTXS. Caution: each 

material set from this file yields ISCT+1 materials. See IDLIB below. 

Number of input materials from the code dependent input file. If this number zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAis 

negative, FIDO format cross sections are read. 

Number of mixture instructions. See Section III.B.l and items MIXNUM, MIXCOM, 

and MIXDEN below. 

Row of total cross section in the cross-section format. If IHT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA< 0, code assumes 

that there is no UUP in cross-section table. 

Row of within-group scattering cross section in the cross-section format. 

Total number of rows in the cross-section format. 

0/1/2/3/4/5 options for input of inhomogeneous source. 

Order of anisotropy of inhomogeneous distributed source. 

Right boundary source to be specified as input (O/l-notyes) . 
value of the incoming flux on the right boundary. 

Bottom boundary source to be specified as input (Oil-notyes). 

the value of the incoming flux on the bottom boundary. See QBl and QB2 below. 

Top boundary source to be specified as input (O/l-notyes). 

value of the incoming flux on the top boundary. 

01112 none/keff/alpha parametric eigenvalue entered. 

Maximum number of inner iterations allowed per group. 

011 (notyes) Are the i-direction zone thicknesses to be modified? 

below. 

See Section III.B.4. 

The source is the 

See QR1 and QR2 below. 

The source is  

The source i s  the 

See QT1 and QT2 below. 

See entry PV below. 

See entry M 

CARD 3 616) ................................................................... ., 
011 (no/yes) Are the j-direction zone thicknesses to be modified? 

YM below. 

O/seconds 

after this number of seconds and the problem is terminated. 

11213 (x,y) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI (r, z)/(r,e) geometry. 

0/1/2/3/4 (noneioption) Edit options. Option 1 is a macroscopic edit, Option 2 

is a lsacroscopic plus microscopic edit. Options 3 and 4 give the information of 

options 1 and 2 (respectively) plus a zone relative power density edit. 

If IEDOPT is -1, -2, -3, or -4, an edit will be performed immediately if all 

necessary data is present. If additional data i s  needed (e.g. angular fluxes), 

one outer iteration is performed and then an edit is  performed. If IEDOPT - -5, 

direct access to the program output section is provided, say to create an output 

interface file from a final dump. 

011 notyes density factor input indicator. 

011 notyes full input flux print suppression indicator. 

01112 all/isotropic/none final flux print indicator. 

01112 all/mixed/none cross section print indicator. 

011 yesino final fission print indicator. 

0/1/2/3 all/input/normalized/none source input print indicator. 

See entry 

If an integer number of seconds is entered, a restart dump is taken 

See entries XDF and YDF below. 

n 
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11 (11) 

12 (16) 

13 (16) 

14 (16) 

15 (16) 

I6 

IANG 

IMC 

JMC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
IF0 

0/1 yes/no prepare and print coarse-mesh balance tables. The tables are for the 

rebalance mesh when the rebalance mesh and material mesh are different. Caution: 

The preparation of these tables requires an additional outer iteration after 

problem convergence. 

-l/O/l print and store/no/store angular flux indicator. The preparation of 

angular fluxes requires an additional outer iteration after problem convergence 

as well as additional storage. 

O/N no/number of material coarse-mesh intervals in the i-direction. When this 

value is non-zero the rebalance coarse-mesh as given by items IM and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJM is not 

the same as the material coarse-mesh. The material coarse-mesh is the same as 

the mesh upon which all edits are done. When edits are requested and IMC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA# 0, 
angular fluxes must be stored. See entries IDCS, XM, IHXC, and XRAD below. 

O/N no/number of material coarse-mesh intervals in the j-direction. When this 

value is non-zero the rebalance coarse-mesh as given by items IM and JM is not 

the same as the material coarse-mesh. 

When the rebalance mesh and material mesh are no longer identical, rebalance 

zones may include several different material zones subject to the restriction 

that rebalance boundaries must coincide with some material boundaries. 

0/1 no/yes interface file output is created. Total (angle-integrated) flux 

and SNCONS files are always created. Angular flux file is created only if 

IANG # 0. 

CARD 4 CONTROL FLOATING-POINT DATA (6E12.4) ............................................................... 
1 EV Eigenvalue guess. It is satisfactory to enter 1.0 for IEVT = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 and 0.0 for 

all other problems. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 EVM Eigenvalue modifier used only if IEVT > 1. See Section III.B.7 above. 

3 PV Parametric value of k 

absorption. See Section III.B.7 above. 

for subcritical or supercritical systems or for l/v 
eff 

4 XLAL Lambda lower limit for eigenvalue searches. See Section III.B.7 above. 

5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXLAH Search lambda upper limit. 

6 XLAX Search lambda convergence precision for second and subsequent values of the 

eigenvalue. 

CARD 5 CONTROL mOATIN&POINT DATA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(6112.4) _----__________________________________-___________________ 
1 EPS Convergence precision. 

2 NORM Nonnalization factor; Total number of particles in system normalized to this 

number if it is nonzero. No normalization if NORM is zero. 

3 POD Parameter oscillation damper used in eigenvalue searches. See Section III.B.7. 

4 BHGT Buckling height (in cm if cross sections are in barns) used to simulate z- 

dimension of system by adding an absorption given by 

Cl 

'a,BHGT 3 
= -  (n/(BHGT*ut + 1.4209))' . 

Here 1.4209 is twice the Milne problem extrapolation distance, and (J is the 

total cross section. Used in (r,e) and (x,y) geometry only. 
t 
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3. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAInput of Remaining Data 

In the input data listed below, all the items 

are dimensionless except for the source, flux, ve- 

locities, mesh boundary values, cross sections, and 

mixture densities. The dimensions of these quanti- 

ties are arbitrary in the following sense. Macro- 

scopic cross sections define a unit of inverse 

length (usually cm-' but occasionally Ian-') in which 

the mesh boundary values are measured. 

ception is the 0 variable which i s  measured in frac- 

tions of revolutions. For source problems, the flux 

will have the dimensions of source/cross section 

where cross section is the quantity used in the cal- 

culation. Normally sources are in units of parti- 

cles/length3/solid angle/sec (the energy dependence 

is removed by the multigroup approximation, i.e., 

JQdE is used, see Section II.B.), microscopic cross 

The one ex- 

Block Name Number of 

sections are in units of barns x length2/cm2, nu- 

clide number densities in units of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAlo2' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx number/ 

length3, and velocities in length/sec, although Los 

Alamos velocities are habitually measured in units 

of length/lO-' sec. 

With the exception of the cross sections from 

the code dependent input file and three edit param- 

eter specifications, all the following data is 

loaded by the LASL block loader using the special 

formats described in Section 1IL.D. We denote these 

formats by S(1) for integers and S(E) for floating 

Point numbers. 

The number of entries for certain data such as 

block IDCS is  dependent on whether the rebalance 

mesh and the material coarse-mesh are the same. We 

use the parameter MESH to indicate this difference. 

We take MESH.EQ.l when IMC.GT.0 and JMC.GT.0, other- 

wise MESH.EQ.0. 

and Dimension Format Entries Comments 

IHX (IM) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs (1) IM Integers defining the number of fine mesh 

mesh k-interval. This vector is used for 

and material mesh when MESH.EQ.0 and only 

when MESH.NE.0. 

Integers defining the number of fine mesh 

mesh &interval. This vector is used for 

and material mesh when MESH.EQ.0 and only 

when MESH. NE. 0. 

JM 

C(IHM,IGM,MIN) 

~~ 

i-intervals in each coarse- 

both the rebalance mesh 

for the rebalance mesh 

j-intervals in each coarse- 

both the rebalance mesh 

for the rebalance mesh 

Three options are available for reading cross sections. 

input format may not be mixed with the FIDO format. 

1. LASL INPUT If MCR.GT.0, MCR blocks of IHM*IGM numbers are read 

in a 6E12.5 format. Each block is preceded by an identification 

card read in a 18A4 format. 

2 .  FIDO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAINPUT If MCR.LT.0, MCR blocks of data are created from 

FIDO input. FIDO input data must be preceded by a 14* (floating 

point block number zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 4 )  loading card when an IBM 360 computer is 

used, but no card is required on CDC computers. 

3 .  INTERFACE FILE ISOTXS When mPS.GT.0, MTPS material sets are 

read from standard file ISOTXS. On this file each material set con- 

sists of ISCT+1 cross section blocks for the isotropic and ISCT 

anisotropic cross sections. The first component of the first mate- 

rial is stored in cross-section block MCR+1, the first component of 

the second material is stored in cross-section block MCR+ISCT+L, etc. 

Should the ISOTXS file not contain ISCT anisotropic components, 

zeroes are supplied for the components not present. If the ISOTXS 

file contains more components than needed, only the first ISCT+l 

components are read. 

The LASL 

MIN = MCR + MTPS*(ISCT+l) 
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IDLIB(MTPS) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(1) MTPS 

Input FLUX S (E) 

Guess 

FLUX(NM,IT, JT) 

Input Source S(E) 

Q(NMQ,IT, JT) 

IDCS(1C) 

JT*MM 

JT*MM 

IT*MM 

IT*MM 

IT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA*MM 

IT*MM 

K 

IC 

Position numbers of material sets to be read from ISOTXS. Do not 

enter unless MTPS.GT.0. The material sets are read in the order 

specified in this entry, and this order need not be in order of in- 

creasing set identification number. 

Number of entries depends on option. See Section III.B.4.b. 

Option Number 

-5 Input from RTFLUX or ATFLUX standard file 

-4 IGM+IT+JT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-3 IGM+IT*JT 

-2 IGM blocks of IT*JT 

-1 IGM 

0 None 

1 NM sets of IGM 

2 IGM groups of NM sets of IT*JT 

3 NM sets of IGM+IT*JT 

4 NM sets of IGM+IT+JT 

Number of entries depends on option. See Section III.B.4.a. 

Option Number 

0 None 

1 NMQ sets of IGM 

2 IGM groups of NMQ blocks of IT*JT 

3 NMQ sets of IGM+IT*JT 

4 NMQ sets of IGM+IT+JT 

5 Input from standard file FIXSRC 

Right boundary source (flux) i n  the in-down directions. Do not enter 

unless IQR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 1. 

Right boundary source (flux) in the in-up directions. Do not enter 

unless IQR = 1. 

Bottom boundary source (flux) in the in-up directions. Do not enter 

unless IQB = 1. 

Bottom boundary source (flux) in the out-up directions. Do not enter 

unless IQB = 1. 

Top boundary source (flux) i n  the in-down directions. Do not enter 

unless IQT = 1. 

Top boundary source (flux) in the out-down directions. Do not enter 

unless IQT = 1. 

Coarse k-mesh boundaries. Must form increasing sequence. When 

MESH.EQ.0, K = IM+l, and entries are used for both the rebalance and 

material mesh. When MESH.NE.0, K = IMC+1 and entries are used for 

rebalance mesh only. However, each rebalance mesh boundary must then 

coincide with some material mesh boundary. 

Coarse &mesh boundaries. Must form increasing sequence. When 

MESH.EQ.0, L = JM+1, and entries are used for both the rebalance and 

material mesh. When MESH.NE.0, L - JMC+l and entries are used for 
rebalance mesh only. However, each rebalance mesh boundary must 

coincide with some material mesh boundary. 

Cross-section zone identification numbers. Number of entries IC = 

IM*JM If MESH.EQ.0 and IC - IMC*JMC if MESH.NE.0. 

assign a cross section block to each zone defined by the material 

These numbers 

n 

n 
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MIXCOM (MS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(1) 

XDF (IT) 

YDF(JT) 

IGM 

IGM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Ms 

MS 

MS 

I 

J 

IT 

JT 

IMC 

JMC 

XRADA(IMC+l) S (E) IMC 

YRADA(JMC+l) S(E)  JMc+1 

NEDS I6 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MN I6 1 

mCID(MN) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS O )  MN 

NZ , NORMZ 216 2 

Coarse mesh. If these numbers are negative, an anisotropic scatter- 

ing source is calculated in the zone; but the numbers need not be 

negative when ISCT > 0. 

Fission fractions. Fraction of fission yield emerging in each group. 

Group speeds. 

Numbers identifying cross-section block being mixed. See Section 

III.B.1.b. Do not enter if MS = 0. 

Numbers controlling cross-section mixture process. See Section 

II1.B.l.b. Do not enter if MS = 0. 

Mixture densities. See Section 1II.B.l.b. Do not enter if MS = 0. 

Material i-mesh modification factors. See Section III.B.7. The 

number of entries, I, is IM when MESH.EQ.0 and IMC when MESH.NE.0. 

Do not enter unless IEVT=4 and IXM > 0. 

Material j-mesh modification factors. See Section III.B.7. Number 

of entries, J, is JM when MESH.EQ.0 and JMC when MESH.NE.0. Do not 

enter unless IEVT=4 and IYM > 0. 

Radial fine-mesh density factors. Do not enter if ISDF.EQ.0. 

Axial fine-mesh density factors. 

Used only in time absorption calculations. 

Do not enter if ISDF.EQ.0. 

The effective cross section at fine mesh point (1.J) is cross sec- 

tion for the point defined by the IDCS array multiplied by the 

factor XDF (I ) *YDF (J ) . 
Integers defining the number of fine mesh I-intervals in each mate- 

rial coarse-mesh k-interval. Caution: the sum of this vector must 

be the same as the sum of the IHX vector. Do not enter unless 

MESH. NE . 0 . 
Integers defining the number of fine mesh j-intervals in each mate- 

rial coarse mesh R-interval. Caution: the sum of this vector 

must be the same as the sum of the IHY vector. Do not enter unless 

MESH.NE. 0. 

Coarse k-mesh material boundaries. 

Do not enter unless MESH.NE.0. 

Coarse E-mesh material boundaries. Must form increasing sequence. 

Do not enter unless MESH.NE.0. 

Integer defining number of edits to be performed. Do not enter 

Must form increasing sequence. 

unless O<IIEDOPTI<5. 

Integer defining number of microscopic activities to be computed. 

See Section III.B.9. Do not enter unless IIEDOPTI=2 or zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 .  

Integers defining material blocks for which microscopic edit is to 

be made. IEDOPT = 2 and 4 only. See Section III.B.9. 

The integer NZ is the number of edit zones. 

the zone to which the power density is normalized ( N O W  is not used 

unless IEDOPT = 3 or 4). See Section III.B.9. 

Integers defining which edit zone each coarse mesh material zone is 

in. Number of entries, 12, is IM*JM when MESH.EQ.0 and IMC*JMC when 

MESH.NE.0. Caution: The edit blocks beginning with N2,NORMZ must 

The integer NORMZ is 

be repeated NEDS times. See Section III.B.9. Do not enter unless 

O<IIEM)PT1<5. 
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E. Output Description for a Test Problem 

The TWOTRAN-I1 program comes with a set of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA25 

test problems. The problem output presented in the 

following pages is from the second variation of the 

fifteenth problem of this set, as identified by the 

title cards on the first page of the output listing. 

Each page of the output is numbered, and we refer to 

these numbers in the text below. 

As can be seen from the first page, the problem 

is a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS,, linearly anisotropic delta search problem 

with a 2x2 rebalance mesh, a 4x4 material mesh and 

a complete edit. 

balance mesh do not coincide and an edit is request- 

ed, the angular flux must be stored. In the first 

variation of the fifteenth problem, both meshes co- 

incide and no angular fluxes need be stored. The 

edit results from the first variation problem are 

used to check those from the second. 

Because the material mesh and re- 

Immediately following the integer and floating 

point input zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi s  the input of the number of fine mesh 

intervals per rebalance interval. Ten radial and 

ten axial intervals are used to describe the finite 

test cylinder, making the problem cheap to execute, 

despite all the options. The remaining problem in- 

put i s  listed on pages 2 and 3.  Note that flux in- 

put option ISTART zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= -1 was used to set all values of 

the isotropic component of the flux to unity. 

next two pages contain a picture of the rebalance 

mesh and the material mesh. In the rebalance map 

the mesh cells are simply numbered, but in the mate- 

rial map the identification number of the cross sec- 

tion belonging to each zone is listed. 

material 5 (which must be a mixture because only 

four cross sections were read as input) is tagged 

with a minus, indicating anisotropic scattering. 

Only isotropic scattering is computed for material 7 

(material 6 is the linearly anisotropic part of ma- 

terial 5). 

The 

Note that 

From the maps we see that the system is  10.9 

units (here cm) in radius and 21.8 cm in height,but 

that only the top 10.9 cm of the system are calcu- 

lated by using a reflecting bottom boundary condi- 

tion. This, of course, assumes that the system is 

symmetric about the cylinder midplane. 

After the maps, the edit input is printed, then 

the cross section mixture instructions. the mixed 

cross sections, the fission spectrum and the veloc- 

ities. 

Beginning on page 6 is the monitor of theprog- 

ress of the calculation following a summary of con- 

vergence precisions. 

convergence" contains the maximum deviation from 

one of any rebalance factor for the rebalance per- 

formed after each outer iteration. If the number 

of inner iterations in a group exceeds IITL, we 

print the maximum flux error at that time immediate- 

ly to the right of the number of inner iterations. 

In this problem this happens only three times in 

the second group. 

The column headed "rebalance 

The monitor lines display a typical sequence of 

events in an eigenvalue search. Here, both radial 

and axial meshes are modified, with all the radial 

coarse-mesh zones modified equally, but with only 

the second and fourth (from z = 0) axial zones mod- 

ified, and these only half as much as the radial 

zones. We see that for zero eigenvalue, lambda 

converges to 0.877289834 (this is keff for the un- 

altered system), then for an eigenvalue of 0.1 (the 

input value of EVM), lambda converges to 0.921909614, 

and so on until convergence at an eigenvalue of 

about 0.3065. 

Following the monitor lines, balance tables 

are printed. On page 9 the final monitor line is  

printed followed by a summary of the original and 

final coarse-mesh boundaries. Then, isotropic 

fluxes and currents are printed for each group, and 

the fine-mesh fission rate is listed. This is the 

end of output unless there is an edit. 

On page 14, the edit zones for the first edit 

are displayed, including the changed zone bound- 

aries. Here, the edit zones correspond to the 

locations of materials 5 and 7. On page 15 in the 

microscopic edits, two items should be noted. First, 

the reaction rates for material 2 are zero. This 

is because material two (used to make 6, the aniso- 

tropic part of 5) does not appear as a constituent 

of either 5 or 7, and the edit routine therefore 

finds no indication that 2 is in the system. 

is, only constituents of materials with numbers 

appearing in the system map can be edited. Second, 

the reaction rates for material 4 are nonzero only 

for zone 2 which is the only place material 7 oc- 

curs. To edit 4 over the whole system, it would 

have been necessary to add 4 to 5 in the same man- 

ner as it was added to 7. 

That 

n 
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THIS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACPSE WAS PROCESSED BY THE TYOTRAN-I1 CODE OF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA04/24/73 ON 05/2?/73 
E O I r  OPLION PROR DELTA CALC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- R * Z  M O d I F I E U *  BU!-NO! EQUALLY 

TYOTRAN !cST CASE NUMHFR 15 ---VARIATION 2 

0 ITH 0 1 1  DIRECT/ADJOIN! 
1 I S c T  C/N ISOlROPIC/NTH ORDER ANISOTROPIC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 I S N  SN ORDER I 4 1 -  ' dUIL~- IN/s !ANDARO INTERFACC P I L E  ) 
2 I G M  NO. GROUPS 
2 1 M  NO. COARSE MESH R INTERVALS 
2 J W  NO. COARSE MESH 2 INTERVALS 

4 I E V T  0/1/2/3/4 O/R/ALPHA/C/DELTA CALCULATION 
1 0 1 0 LEFT*RIGHl*BOTTOM*TOP BOUNOARY CONDITION 0 / 1 / 2 / 3  VACUUM/REFLECTIV~/UHITE/PERODIC 

-1 ISTAR! - 5 / - 4 / - 3 / - 2 / - 1 / 0 / 1 / 2 / 3 / 4 ~ ~  S!ARTING OfTIONS t MINUS FOR ISOTROPIC COMPONENT ONLY I SEE MANUAL FOR O ~ ! A l L ~  

7 MT TOTAL NO. OF MATERIALS 
-0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 STANDARD INTERF4CE/CARD I N N !  MATFRIALS 

1 0  M S  h6. OF MIXTORE IhSTHUCTIONS 
5 I M T  ROW OF TOTAL CROSS SECTION 
b IHS ROW OF SELF SCATTEH CROSS SECTION 
7 It'M LAST ROW OF CRO$S'StCTION TAbLE 
0 IOOPT 0/1/2/3/4/5 NONE/SAME A S  IFTART FOR SOURCE O I ~ T H I B U T I O N  
0 IOAN O/N ISOfROPIC/NTH ORDER AYlS6TROPIC SOURCE 

0 0 0  IQR/IQH/IQT R I C M T * H O T T O M I T O P  BOUNDARY S O U l k E  I 0 / 1  NO/YEZ ) 
o IPVT 0/1/2 NONE/K/ALPHA PARAMETRIC EIGENVALUG-IYP~ 

1 1XM 0/1 NOIYES CODIPY W R A D I I  ( I E V T n 4  ONLY) 

1 I Y M  0 1 1  NOIYES MOOIFY 2 R A D I I  t I E V T n 4  ONLY1 

1 0  I I T L  MAX NO. INNER I T E R A T I O N S  

240 I T L I M  O/N NONE/SECONUS T I M E  L I M I T  
2 IlrEOM 1/2/3 I X i Y l l ( R * L ) l  ( R - 1 )  CItOMETRY 
4 IEDOP! 0/1/2/3/4mNONE/N EDIT OPTIONS-SEE MANUAL FOR D E T A I L S  

-0 ISOF 0 1 1  NO/YES lNPUT P I N E  MESH U t N S I T Y  FAGTOR, 

-0 12 0/1/2 ALL/ISOTROPIC/NONE F I N A L  FLUX PRINT 
-0 I3 0 / 1 / 2  ALL/YIXEO/NONE CROSS SECTION P R I N T -  

- 0  1 1  011 YEWNO ~ U L L  INPUT FLUX PRINT 

-0 I4 011 YEWNO FINAL F I ~ S ~ O N  WINT 
- 0  I5 0 / 1 / 2 / 3  ALL/READOF/NORMAL~LED/NONE INPUT S O U R ~ E  PRINT 
-0 Ib 0 / 1  YES/NO COARSE MESH BALpfiCE TAULE PRINT 
1 IANG - i / o / i  PRINT ANO STORE/NO/STORE ANGULAR FLUX 

4 JWC NO. OF VERTICAL MAT.MESH IV~ERVALS 
4 IWC NO. OF HORIZON. MATBMESH INTLRVALS ( I F . N ~ ~ o ~  REeAL.MESH,NE.MA!.MEgn Y y c H  IS KO11 MESH) 

-0 I F 0  0 1 1  NO/YES !TANoARLI-INTER~AC~ FILF DU!PU! 

0: EV EIGENVALUE OUESS 

0. PV PAPAMEfRIC E l G t N V A L U E  
l ~ O O O E - O d  XLAL SEARfH-LAMBDA LOWEd LIMIT 
5100OE-01 XLAH SEARCH LAMBDA UPPER L I M I T  
1 ~ 0 0 0 E - 0 3  XLAX FINE-MESH SEPRCH PRECISION 

-1y000E-01 EVM EIGENVALUE MODIFIER 

1.000E-O? EPS CONVFRGENCE PRECISION 
l.OOOE,OI, NORM NORMALIZATION AMPLITUDE 

0 1  BHGT TOTAL BUCKLING H E I ~ t i T  I N  CM F O ?  ( X * Y )  AND l R * T l  ONLY 
i , o O o ~ * o <  POD PARAMETER OSCILLATION OAMPEA 
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W zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
tn 

XNPUT FINE 2 MESH zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 4 

STORAGE RhQUIRfO ALLOUED 
SMALL CORE I819 40000 
LeRVL CORE 6542 375)OO 

~ O O O O O O O O O ~ O ~ O O ~ O O O O ~ O O * O O O ~ O O O O O ~ O O O O O O O O O O O O ~ O O O ~ N P U ~  CROSS S E C T I O N S ~ ~ O O . O O O O O O O O O O O O ~ O O O O O ~ O O O O ~ O O O O ~ O O O O O O  

i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA' LOAOEO FROM 'CARDS . fX-Fi COM. M I X  FOR F.E.1 ' ' .  'PO I ~ T =  '5 IHSS 'p InMs ' 7  
2 LOADEO fROM CARDS $,X-fl COMZ M I X  fOR F . € i I  Pi  1n1= s Ins- 6 inn- 7 
3 LOAOEO FROM CARDS 48SORBEH IHIr5 
i LOADtO FROM CAeoS S P ~ C ~ A L  FOR EDIT I H W ~  

INPUT CRO?S SECT 1 

GMOUP 1 GROUP 2 

1 .ZW048E-03 0. 
2 .1!4011E*00 .339009€*00 
3 .298784E-01 ,633738E-01 
4 .7$1805E-01 .1160?1E*00 
5 .2allS?.E*OO .56*013E*OO 
6 .106444€*00 .50064OE*00 
7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 .  ,650869g-01 

INPUT CRO?S SECT 2 '  

GVOUP 1 GROUP 2 

1 0. 0 .  
2 0. O ?  
3 0. O ?  
4 0 .  0 .  
5 0 .  0. 
6 .9:2235€-01 *166.4245*00 
7 0 .  .163226!-01 

INPUT CROZS SECT 3 

' G5OUP 1 GROUP 2 

1 0 .  
2 0. 
3 .la0470E-Ol 
4 0 .  
5 laO470E-01 
6 0 .  
7 0 .  

INPUT CROsS SECT 

WOUP 1 

1 0 .  
2 0 .  

4 0.  

6 .5~0OOOE*00 

3 .1~0000E*00 

s .1:0~00€*01 

0 .  
0. 

.135048~-01 

4 

GROUP 2 

0 .  
0. 

0. 
.100000~*00 

D1000OOE*01 
?9000b01*00 



7 0. . 4 0 0 0 0 0 ~ * 0 0  

I N  MATERIA+ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl*GROUP 1 INPUT AtlSORPTION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( .2987BE-O!1 ,NE.EFfECTIVE ABSOHPTION ( !2?621F-01! zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAb 0 INPUT f O R  FLUX 

ISOTROPIC COMPONENT 

INPUT FLUX ESHAPE 2 
ALL ENTRIEZ = l ~ O O O O E * O O  

MU ETA M L l G n !  

INPUT FISSION SPCC 2 
7,5382E-ul 2!4618E-01 

INPUT VELOLIflES 2 
ALL ENTRlE' = 1 ~ 0 0 0 O E * 0 0  

INPUT M I X  NUMBERS 10 

5 5 5 

0 1 3 
INPUT M I X  cOMMANOS 10 

INPUT M I X  W N S I T Y  10 
0: 9.9000E-01 9!9000E-01 n l  

7 
-5 ' 

7 

? 

6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 

INPUT R M E w  MOOS 4 

INPUT 2 MEsM MOOS 4 

ALL ENTRIE? * 1?0000E*00 

0 ,  5!0000€-01 0. 

INPUT MATErrL RMESH 4 

3 3 
INPUT MATEfL ZHESH 4 

2 

5~0OOOE-01 

2 

0 2 

7 
? 

7 7 

-S -5 
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P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 

I 
i 
i 
i 
i 

GROUP NUMBCR 1 

M I X E O  x-setr 

0 
4 

0 
1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

? 
8 
9 

1 0  

GROUP'FISSAON SPECTRUM VELOCITIES 

1 7:5382000€-01 1.0000000E*00 
2 2?4618300E-01 1.0OOOUOOE*00 
3 l ~ O U 0 0 0 3 0 E * 0 0  0. 

TIME I N  OUTER INNER NEUTRON gIcgNVALUE EIGENVALUE LAMBDA REBALANCE 

MINUTES ITtRA!IONS ITERA!IONS BALANEE SLOPE CONVERG~NCL 
!OTAL/BY GROUP 

0 0. 0. 0. 0. O ?  



2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 

5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 

7 

E 

9 

10 

11 

12  

13 

14 

15 

16 

17 

18 

19 

20 

17  

16 

1 4  

11 

11 

E 

6 

S 

4 

13 

9 

E 

14 

11 

10 

12  

8 

6 

5 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
z 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
? *  

0. 

? ?  

0. 

Ot 

0: 

? ?  

1 . 0 0 0 0 0 0 0 0 ~ - 0 1  

1 , 0 0 0 0 0 0 ~ 0 € - 0 1  

l ~ o o o o o o ~ o ~ - o l  

2.!5012932E-01 

2.75012932E-01 

2.750129?2E-01 

2 . 0 ? 1 6 2 0 5 1 ~ - 0 1  

&091620516-01 

?.07!75016E-01 

3 ~ 0 $ 5 0 4 0 8 6 5 - 0 1  

?.06504086E-01 



COARSE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMES? BALANCE TABLE FOR GROUP 1 

COARSE MES? BALANCE TABLE FOR GROUP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 

ZONE SOUR(IE LEFT RIGHT BOTTOM !oP ABSORPTION LEFT RIGHT BOTTOM 10; 
INFLOW INFLOW INFLOW INFLOW OUTFLOW OUIFLOW OUIFLOU OUTFLOW 

COARSE M E W  YALANCE TABLE FOR ALL GROUPS 

*!INAL.DUMr TAKEN ON U N I T  7 ....................................................................................................................... . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . .  . . .  . . . .  

F I N A L  PRIN!ING 



TIME zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIN OUTER INNER NEUTRON GIGENVALUE EIGENVALUE LAMBOA REBALANCE 
MINUTES I T ~ R A ! I O N S  ITERA!IONS BALANCE SLOPE CONVERGtNCE 

TOTAL/BY GROUP 

DELTA CALkULATION F I N A L  RESULTS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I HODIf I E D  R O R I Q I N A L  R 

1 0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0: 
'2 .42722684E*01 .3270000~E*01 
3 .85445367€*01 ~ 6 5 4 0 0 0 6 ~ ~ ~ * 0 1  
4 .11392716t*02 ;8720000rE*01 
5 .142408956*02 ~109000br{*02 

J MODIf I E D  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 ORIGINAL 2 

1 0. 0: 
2 .32?00000E*01 ~?2700009E*01 
3 .70411342€*01 .6540000CE*01 
4 .92211342€*01 ;8720006~>f*01 
5 1 1?35224E* 02 109 0000 04*02 

FLUX COHPO'*ENTS FOR GROUP 1 

SECOND COM~~ONENT IS R DIRECTION CURRENT* !HIRO I S  2 01,RECIION CURREN! 

COMPONENT NUMBER 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c- 
w 



P 
P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

COMPONENT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAW M 8 E R  2 

R MESH 1 

10 ,405584E-05 
9 .6!7893E-05 
8 .8b3373E-05 
7 .909855€-05 
6 .lv4270E-04 
5 ,11Z860€-04 
4 .l J2995E-04 
3 .136819€-04 
2 ,109C69E-04 
1 .la6256E-04 

R MESH 9 

10 .4*9116E-04 e448307E-04 
9 ~7~1569E-04 ,7069765-04 
8 e9e5207E-04 .972015E-04 

6 .1J.?348E-03 .123395E-U3 
5 .119527€-03 .14572’3€-03 
4 -129277E-03 .154128E-03 
3 11,8217E-03 -152452E-03 
2 .1?02llE-03 .155037!-03 
1 .lo4411E-O3 .159221E-03 

7 . i imi9~-03 .ii544a~-o3 

COMPONENT WMBER 3 

R MESH 5 

,362Y57E-04 
.52166HE-04 
.669!27E-04 
.785513E-04 
.859134E-04 
.941129E-04 
.109007€-03 
,126513E-03 
.134234E-03 
.132?QlE-03 

R MESH 6 W MESH 7 R MCS,! zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 



10 
9 
8 
7 
6 
5 
4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 
2 
1 

10 
9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 
7 
6 
5 
4 
3 
2 
1 

R MESH 5 

.167512E-03 

.161349€-03 

.150SO4€-03 

.138015E-03 

.121b41E-O3 

.100Y66E-b3 
!775046f -04 
.549211f-O4 
.337260€-04 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi 1429Uf -04 

FLUX COMPONfN!S FOR OROUP 2 

SECOND COM'ONENT IS R DIRECTION CURRENT* THIRD IS 2 DIREC!ION CURRENT 

COMPONENT NUMBER 1 

10 
9 
8 
1 
6 
5 
4 

3 
2 
1 

10  
9 
8 
7 
6 
5 
4 

R MElH 5 

.377897E-03 

.601499€-03 

.763$11E-03 

.898247E-03 

.1053466-02 
e122023E-02 
.134!d5f-OZ 
.142233E-02 
.145$91f-02 
.1*7$81€-02 



3 ,614lllE-03 
2 ,600472E-03 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

COMPONENT NUMBER 2 

1 .6?6164€-03 

10 
9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 
7 
6 
5 
4 
3 
2 
1 

10 
9 
8 
7 
6 
5 
4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 
2 
1 

COMPONENT NUMBER 3 

10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

10 
9 
8 
7 
6 
5 
4 
3 

e357964E-03 
.371252€-03 
?379909!-03 

R HE!H 5 

.134844€-03 
,122!83€-03 
.109592E-03 
.966656€-04 
.823?60E-04 
.662335€-04 
.496939€-04 
.350%1E-04 
..?19847€-04 
.757518E-OS 

MESV 7 



FISSION EDA.1 

COMPONENT NUMBER zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

10 
9 
a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
? 
6 
5 
4 

3 
2 
1 

10 
9 
e 
7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 
I 
4 
3 
2 
1 

R MESH 6 

.650909€-04 

y MESH 7 

.5491?3€-04 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

c. 
U 



I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA u3ennN dnom t itaewnN iIa3 

tE2I Nnnl03 
ZZEE 

pot2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA it6c gts zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ~ZLZ p 
*+I *it *e zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA *t 00 

Id zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA . .I 
02 .I .I .I I E I 
0 e. 0. .I 
O.r.....................I OOLE'E 
0. . .I 
01 .I .2 .2 1 E 2 
0 e... .I 

Or 01 
01 01 .I .I I E E 
0 e. . .. .I 
Q.,.m.e..eoo.......o.r,,l 1122'6 
0. 0 01 
02 e2 .I .I 12 9 

oooooooooooo oooooooooooo I ZSE L I I 

o...........:.... ....... I I ItOSL 

0. b .I 

n MOM 
2 



C '  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MICROSCOPIC A C T I V I T Y  E D I T  FOR MATERIAL 2 GROUP 1 

ACT,FOR XS l"1HT 

ALL E N T R I L ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOf T H I S  ARRAY EQUAL Or 

M I C R O S C O P I ~  A C T I V I T Y  E D I T  FOR MATERIAL 3 9ROUP 1 

ACTzFOR XS 1--IHT 1 

Z W E  1 LONE 2 

1 0. O ?  
2 0. 0. 
3 .6~7940F-01 ,28?035g-Ol 
4 0. 0. 
5 .6~7940€-OI ~284035g-01 

M I C ~ O S C O P I ~  A C T I V I T Y  E D I T  FOR MATERIAL 4 GROUP 1 

A C T i F O R  XS l--IHT 1 

ZUNL 1 ZONE 2 

1 0. 0. 
2 0. 
3 0. 

00 
.158976E*OO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

4 0; 
5 0. 

0. 
.158976g*01 

SOURCE 
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IV .  PROGRAMMING INFORMATION 

I n  t h i s  sec t i on  we g ive  some of t he  d e t a i l s  of 

t h e  TWOTRAN-I1 program. 

t h i s  sec t i on  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAis designed t o  he lp  i n  t h e  fu tu re  l o c a l  

modif icat ion of t h e  program. Much supplementary in- 

formation is provided by t h e  program comment cards. 

A. Program S t ruc tu re  

The material contained in 

1. Role and Function of Subprograms 

We descr ibe  i n  Table V (p. 53) t h e  funct ion of 

a l l  t h e  subprograms in TWOTRAN-11. 

fo l low t h e  over lay s t r u c t u r e  def ined i n  Table I V  

(p. 52). 

In Table V ,  we 

The over lay is of the  simple con t ro l ,  in- 

put, execute and output kind. Note that on IBM ma- 

ch ines  w i th  l a r g e  c e n t r a l  memories i t  is more e f f i -  

c i e n t  t o  remove t h e  subs t ruc ture  of OVERLAY(2,O). 

2. Program Flow 

I n  Fig. 11 we show an ampl i f ied vers ion  of Fig. 

8, dep ic t i ng  t h e  o v e r a l l  flow of t h e  TWOTRAN-I1 pro- 

gram and showing subrout ine  names. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3. Rela t ion  of Problem Variables and Program 

Mnemonics 

I n  much of t h e  material i n  t h i s  manual we have 

used v a r i a b l e s  a c t u a l l y  appearing i n  t h e  FORTRAN of 

t h e  program. To supplement t h i s  information we de- 

f i n e  t h e  geometric func t ions  generated by the  pro- 

gram i n  Table V I  (p. 52) and g ive  a l is t  of the  re- 

l a t i o n  between problem v a r i a b l e  symbols and program 

v a r i a b l e  names in Table V I 1  (p. 55). 

De f in i t i on  of Var iab les  i n  Common Blocks zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4. 
Tables V I 1 1  through XI11 (pp. 56-65) de f ine  

t h e  v a r i a b l e s  s to red  i n  blank common block IA and 

the  named common blocks of TWOTRAN-11. 

er ar ray ,  A, f o r  problem da ta  is also i n  blank com- 

mon, 

f i r s t  word addresses of d a t a  s to red  i n  t h e  A ar ray ,  

and d a t a  generated by t h e  program. 

conta ins  informat ion necessary t o  a problem restart. 

The contain- 

Block I A  conta ins  problem input  parameters, 

Block FWBGNl 

Begin zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(---, 

Input 
I r n  11 storage 
I m  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA12 croas SLCtion. 
I m  13 Source. 6 Flulea 
D(svT 14 s CO".tMt. 
m 1s d p s  

1niti.1ir.rion 
INXTAL 
INITQ , FISCAL 

artcr Iteration 

. .  *I-, 
b a r  Iteration 

STORAP 
SAVEAP 
Rem 

b a r  Iteration 

STORAP 
SAVEAP 
Rem 

or Limit 
Reached7 

Apply Rebalance 
Factor. REM. TESTS 

Pi..iO" source 

Iteration 

TESTS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i'" 

EDITOR 

IFOUT 

Fig. 11. Amplified form of f low diagram i n  Fig. 8 
showing subrout ine  names i n  o v e r a l l  
program log i c .  

51  



TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI V  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
STRUCTURE OF THE TWOTRAN-XI PRO CRAM^ 

1. 

2. 

3. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4. 

5. 

6. 

7. 

8. 

9. 

10. 

Overlay zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 0 , O )  

TWOTRAN 

MONITR 

ERROR 

CLEAR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
WLY 

WRITE 

ECHECK 

DUMPER 

P W A L  

REED 

RITE 

Overlay (1.0) 

INPUT1 

1. LOAD 

2.  INPUT11 

a.  DUMPRD 

3. INPUT12 

a. CSPREP 

b. IFINXS 

4. INPUT13 

a. REALQF 

b. IFINQP 

5. INPUT14 

a. SNCON 

c. PNGEN 

b. IFINSN 

6 .  INPUT15 

a. CSMESH 

b. MAPPER 

Overlay ( 2 . 0 1  

GRIND2 

1. REBAL 

2 .  GRIND21 

a. INITAL 

b. INITQ 

C. FISCAL 

3. GRIND22 

a. OUTER 

b. INNER 

C. IN 

d. OUT 

e. F I X W  

f .  SETBC 

g. S T O W  

h. S A W  

1. GSUMS 

4 .  GRIND23 

a. TESTS 

b. NEWPAR 

Overlay (3,O) 

OUTPUT3 

1. OUTPT31 

a. FINAL 

2. OUTPT32 

a. EDCALL 

b. GENFLO 

C. EDITOR 

d. EDMAP 

3. 

a. IFRITE 

'On IBH 360 machines with large bulk core storage, i t  is computationally more 

e f f i c i en t  t o  remove the substructure of OVERLAY(2,O). locat ing GRIND21, 

CRIND22, and GRIND23 i n  GRINDZ. For t he  IBM version. var iab le names of 

seven characters a r e  shortened t o  six. 

TABLE VI 

GEOMETRIC FUNCTIONS 

A r r a y  Name G e o m e t r y  

and Dimension zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkd. (r,e) 

xH(zM) Ari 

YH(JT) Ayj 

A 3  ( I T )  Ari 

A4 ( IT+1)  1.0 2r r i -35  

j 
A9 

A 5  ( I T )  

Vo lume,  V zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= AS(I)*YH(J) 

A r e a ,  A 

i J  

i*,j 
= A4 (I+1) *YH (J) 

Area, Bi = A3(I) 



TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAV 

FUNCTION OF TWOTRAN-I1 SUBROUTINES 

Function 

Main d r i v e r  of program. I n i t i a l i z e s  program parameters; cal ls i npu t ,  c a l c u l a t i o n  

and output over lays;  and at tempts t o  execute sequent ia l  problems. 

P r i n t s  resume of convergence parameters,  monitor l i n e  headings, and o u t e r  itera- 

t i o n  monitor data.  

P r i n t s  messages, including e r r o r  no t ices .  

S tores  a constant  i n  an a r ray .  

Mu l t ip l ies  an a r r a y  by a constant.  

Generalized output rou t ine  fo r  p r i n t i n g  l D ,  2D o r  3D a r r a y s ,  e i t h e r  i n t e g e r  o r  

f l o a t i n g  point .  

Checks equa l i t y  of elements i n  a vector .  Used t o  reduce p r i n t i n g  i n  WRITE. 

Writea a r e s t a r t  dump. 

P r i n t s  t h e  coarse-mesh balance tab les .  

Handles a l l  b inary reading operat ions inc lud ing rewind and bulk memory t r a n s f e r s  

(ECS o r  La). 

Handles a l l  b inary wr i t ing  operat ions inc lud ing end of f i l e  and rewind and bulk 

memory t r a n s f e r s .  

C a l l s  f i v e  sec t ions  of t h i s  over lay.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Los Alamos data loader. 
Reads b a s i c  parameter da ta ,  checks i t ,  c a l c u l a t e s  s to rage l o c a t i o n s  i n  t h e  con- 

t a i n e r  a r ray  and in bulk s to rage ,  p r i n t s  bas ic  parameter da ta .  

Reads restart dump. 

Clears cross-sect ion,  f l ux .  and flow bulk s torage.  Calls CSPREP. 

Reads c r o s s  sec t ions  i n  standard LASL format, FIDO format o r  from i n t e r f a c e  f i l e  

by c a l l i n g  IFINXS. P r i n t s  c r o s s  sec t ions ,  performs a d j o i n t  t ranspos i t ions  and 

r e v e r s a l s ,  checks c r o s s  sec t ions  and c a l c u l a t e s  e f f e c t i v e  absorpt ions.  

I n t e r f a c e  Input of c r o s s  sec t ions  from standard f i l e  ISOTXS. 

Calls READQF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt o  read source o r  f l u x  guess. 

Reads source o r  f l u x  guess from cards  o r  cal ls IFINQP t o  read source o r  f l u x  

guess from i n t e r f a c e  f i l e s .  

Reads source o r  f l u x  from standard i n t e r f a c e  f i l e .  

Reads Sn cons tan ts  and generates spher ica l  harmonic funct ions.  

Provides b u i l t i n  l i b r a r y  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS,, cons tan ts ,  S2 through s16. 

I n t e r f a c e  Input  o f  Sn cons tan ts  from standard f i l e  SNCONS. 

Generates polynomials R k  (us+). 
Reads d a t a  spec i f ied  by input  parameters,  inc lud ing e d i t  informat ion.  C a l l s  

MAPPER and, i f  requi red,  CSMESH. 

I n  t h e  event t h e  mater ia l  mesh is d i f f e r e n t  from t h e  rebalance mesh, C%SH 

checks i npu t ,  generates mesh and zone l a b e l  ind ices.  

Draws system p ic tu re .  

Calls over lay (2, l ) .  (2,2) and (2,3). Contro ls  o u t e r  i t e r a t i o n  process. 

Ca lcu la tes  rebalance f a c t o r s ,  e i t h e r  f o r  inner  or outer  i t e r a t i o n s  f o r  e i t h e r  

coarse  mesh or whole system. 

Calls DUMPRD. 

P r i n t s  e i t h e r  source o r  f l u x  i f  requi red.  

Cal led by INNER and TESTS. 

(Overlay) Subrout ine 

(0,O) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWOTRAN 

1. MONITR 

2. ERROR 

3. CLEAR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4. MPLY 

5. WRITE 

6. ECHECK 

7.  DUMPER 

8. PCMBAL 

9. REED 

10. RITE 

(1,O) INPUT1 

1. MAD 
(1.1) 2. INPUT11 

a. DUMPRD 

(1.2) 3. INPUT12 

a. CSPREP 

b. IFINXS 

(1,3) 4. INPUT13 

a. READQF 

b. IFINQF 

(1,4) 5. INPUT14 

a. SNCON 

b. IFINSN 

c. PNGW 

(1.5) 6. INPUT15 

a. CSMESB 

b. MAPPW 

(2.0) GRIND2 

1. REBAL 
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( 2 , l )  2. GRIND21 

a. INITAL 

b. INITQ 

c. FISCAL 

(2.2) 3. GRIND22 

a. OUTER 

b. INNER 

c. I N  

d. OUT 

e. PIXUP 

f .  SETBC 

g. STORAF 

h. SAVEAF 

i. GSUMS 

(2,3) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4. GRIND23 

a. TESTS 

b. NEWPAR 

(3,O) OUTPUT3 

(3.1) 1. OUTPT31 

a. FINAL 

(3,2) 2. OUTPT32 

a. EDCALL 

b. GENFLO 

c. EDITOR 

d. EDMAP 

(3,3) 3. 

a. IFRITE 

Calls INITAL and FISCAL. 

Sets  i n i t i a l i z a t i o n  t r i g g e r  f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFISCAL, generates s p e c i a l  angular a r rays ,  per- 

forms ad jo in t  reve rsa l s  f o r  f i s s i o n  spectrum and v e l o c i t i e s ,  mixes c ross  sec t ions ,  

modif ies boundary l oca t i ons  f o r  d e l t a  searches, generates rebalance mesh ind ices  

and geometric funct ions,  i n i t i a l i z e s  f i s s i o n  spectrum and source i f  any, gener- 

ates t o t a l  c ross  sec t i on  a r ray  and f i s s i o n  rate array.  

Generates source rebalance information; normalimes sources and re la ted  q u a n t i t i e s  

i f  required. 

Calculates volume i n t e g r a l  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfission source and re la ted  rebalance information, 

and normalizes i t  i f  required. 

when ca l l ed  rnfte~ OUTER, ca lcu la tes  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA .  

Calls OUTER. 

Calculates source t o  ~PQIPP,  cal ls INNER, generates coarsemesh balance (over-al l  

group) da ta  and group sum information, cal ls GSUMS, calculates new f i s s i o n  rate. 

Calculates t o t a l  source f o r  group, performs space-angle mesh sweeps by c a l l i n g  

SETBC, IN and OUT, saves and s t o r e s  angular f luxes ,  i f  required, by c a l l i n g  

SAVEAF and STORAF, app l i es  rebalance f a c t o r s  ca lcu la ted  by REBAL and c a l c u l a t e s  

inner i t e r a t i o n  e r r o r  sand ~ 0 n t r e ~ B 8  convergence. 

Makes inward space-angle traverse for a l l  I and M on l e v e l  J. 

f lows and cal ls FIXUP. 

Makes outward space-angle t rave rse  BOP a l l  I and M on l e v e l  J. Calcu la tes  par- 

t i a l  f lows and cal ls FIXUP. 

Prevents negat ive f luxes  un less  sources are negative. 

Se ts  boundary condi t ions and computes p a r t i a l  f lows on boundaries. 

Removes boundary source, i f  any, from angular f l u x  and s t o r e s  angular f l u x  i n  

bulk memory. 

Removes boundary source, i f  any, from angular f l u x  and s t o r e s  f l u x  by I space 

point  f o r  a l l  M d i rec t i ons  en each J l eve l .  

Computes o u t s c a t t e r ,  leakages, and neutron balance f o r  group balance tab les .  

Calls TESTS. 

Ca lcu la tes  rebalance f a c t o r s  for outer  i t e r a t i o n  acce le ra t i on ,  checks f o r  ou te r  

convergence, app l i es  rebalance f a c t o r s ,  and, i f  a search problem, calls NEWPAR. 

Computes new parameters f o r  imp l i c i t  eigenvalue search. 

Controls p r i n t s ,  i n te r face  f i l e  output,  and e d i t s .  Takes f i n a l  dump. 

Calls FINAL. 

P r i n t s  f i n a l  output.  

Calls EDCALL. 

Rearranges s to rage f o r  e d i t ,  cal ls GENFLO ( i f  needed) and EDITOR. 

I f  t he  material mesh and rebalance mesh do not coincide, GENFLO computes p a r t i a l  

f lows from angular f luxes. 

C a l l s  EDMAP and performs e d i t .  

Draws p ic tu re  of e d i t  zones. 

Creates i n t e r f a c e  output f i l e s .  

Writes o r  p r i n t s  i n t e r f a c e  f i l e  da ta .  

P r i n t s  nagml ized   source^ i f  desired. 

When calllad a f t e r  INITAL does not c a l c u l a t e  A ;  

Calcu la tes  p a r t i a l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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TABLE V I 1  

RELATION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOF PROBLEM VARIABLES TO PROGRAM MNEPIONICS 

Program Mnemonic 

1. C(ROW,NUCLIDE) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2. Q ( N , I , J )  

3. FLUX(N,I,J) 

4. FISSA(1.J) 

5. WGT(M) 

6. COSMU(M) 

7. COSETA(M) 

8. W(n) 

9. WETA(M) 

10. ALL@) 

11. AL2(M) 

12. Pl(N,M) 

13. P2(N,M) 

14. P3(N,M) 

15. P4(N,M) 

16. F(K,L) 

17. BRl(J ,M) 

18. BR2(J,M) 

19. BTl(1.M) 

20. BTZ(1,M) 

21. ALFL(N.1) 

22. CTOT(1.J) 

Problem Var iab le Equation in T e x t  

Sect ion I f I .B. l  

(22) 

(17) 

(21) 

(15) 

Table I 

Table I 

aThe s u b s c r i p t s  n and k are both contained i n  N. The subscr ip ts  g and h 
are not  used because d a t a  are processed for only  one group a t  a t i m e .  
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TABLE V I 1 1  

CONTENTS OF BLANK COMMON.BLOCK I A  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAn 

Poin ter  
Pos i t i on  Name f o r  Array 

1 

2 

3 

4 

5 

6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7 

8 

9 

10  

11 

12 

1 3  

14 

15 

16 

1 7  

18 

19  

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

56 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

ITH 

ISCT 

ISN 

IGM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
m 
JM 

IBL 

IBR 

IBB  

IBT 

IEVT 

ISTART 

MT 

M I N  

Ms 

IHT 

IHS  

IHM 

IQOPT 

IQM 

IQB 

IPVT 

IANG 

P I C  

IITL 

JMC 

IFBM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
IXM 

IYM 

IEDOPT 

IGEOM 

IQR 

IQT 

ISDF 

Ev zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
EVM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
w 
XLAL 

XLAH 

xw( 

EPS (EPSO) 

EPSI 

Remarks 

Theory 

Sca t te r i ng  order  

Order of Sn 

Number of groups 

Number of r a d i a l  coarse-mesh i n t e r v a l s  

Number of a x i a l  coarse-mesh i n t e r v a l s  

Le f t  boundary spec i f i ca t i on  

Right boundary spec i f i ca t i on  

Bottom boundary spec i f i ca t i on  

Top boundary spec i f i ca t i on  

Eigenvalue type spec i f i ca t i on  

Flux input  opt ion 

Tota l  number of materials 

Tota l  number of inpu t  nuc l ides  from both l i b r a r y  and cards  

Number of mixture i ns t ruc t i ons  

Pos i t ion  i n  t a b l e  of t o t a l  c ross  sec t i on  

Pos i t i on  i n  t a b l e  of self-scatter cross sect ion 

Cross-section t a b l e  length  

Source input  op t ions  

D is t r ibu ted  source anisotropy order  

Bottom boundary source i nd i ca to r  

Not used 

Parametr ic eigenvalue o r  k i nd i ca to r  

Prepare angular f l u x  i nd i ca to r  

Number of material coarse-mesh i n t e r v a l s  i n  t h e  r a d i a l  d i r e c t i o n  

Maximum number of inner  i t e r a t i o n s  

Number of material coarse-mesh i n t e r v a l s  i n  t h e  a x i a l  d i r e c t i o n  

Maximum number of rebalance i t e r a t i o n s  which i s  set i n  INPUT11 

Radial-mesh modif icat ion i nd i ca to r  

Axial-mesh modif icat ion i nd i ca to r  

Ed i t  op t ions  

Geometry type 

Right boundary source i nd i ca to r  

Top boundary source i nd i ca to r  

Density f a c t o r  inpu t  i nd i ca to r  

Not used 

Eigenvalue guess 

Eigenvalue modif ier  

Parametric va lue  of k 

Search lambda lower l i m i t  

Search lambda upper l i m i t  

Fine-mesh search  prec is ion  

Convergence p rec i s ion  and ou te r  convergence p rec i s ion  

Inner convergence p rec i s ion  = EPSO 

e f f  

o r  a lpha 
e f f  



45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

76 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
77 

78 

79 

80 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
75  

EPSR 

EPSX 

NORM 

POD 

BHGT 

IUP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
IHF 

IHA 

IHTR 

IHNN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I M J M  

MM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
NM 

NMQ 

IP 

JP 

IGP 

IJMM 

IT 

JT 

ITJT 

ITMM 

JTMM 

NMIJ 

NMM 

ISPANC 

I?lMT 

ISPANF 

ISCP 
IMJP 

IPJM 

ITP 

JTP 

ICLIM 

LIHX IHX(IM) 

81 LIW IHY(JM) 

82 LC c (IAM,rnPT) 

83 LAl Al(ITP) 

84 LA2 A2(ITP) 

Within-group rebalance convergence precision zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= EPSOI2 

Whole-system rebalance convergence precision - EPSO 
Not used 

Normalization amplitude 

New parameter modifier 

Buckling height 

IHS-IHT-1 (upscatter indicator) 

IHT-1 (position of wf in cross-section table) 

IHT-2 (position of u in cross-section table) 

IHT-3 (position of btr transport cross section in cross-section table, 

if present) 

IHT-4 (position of cross section in cross-section table, if 

present) 

Product IM*JM 

(ISN*(ISN+2))/8, number of directions per octant 

((ISCT+l)*(ISCT+2))/2, number of anisotropic components of flux 

((IQAN+l)*(IQAN+2))/2, number of anisotropic source components 

sum IM+l 

sum JMtl 

Sum I W 1  

Product IM*JM*MM 

Total number of radial fine-mesh intervals 

Total number of axial fine-mesh intervals 

Product IT*JT 

Product IT*MM 

Product JT*MM 

Product NM*IT*JT 

Product NM*MM 

Last word address of cross-section block 

Product IHM*M 

Last word address of flux block 

Sum ISCTt1 
Product  IM*JP 

Product IP*JM 

Sum IT+1 

sum n+1 

Length of the C and AAJ blocks 

Number of radial fine-mesh intervals per coarse-mesh interval for re- 

balance mesh (the block is also the number of radial fine-mesh inter- 

vals per coarse-mesh interval for the material mesh when the rebalance 

mesh and material mesh are the same) 

Number of axial fine-mesh intervals per coarse-mesh interval for re- 

balance mesh (the block is also the number of axial fine-mesh inter- 

vals per coarse-mesh for the material mesh when the rebalance mesh and 

the material mesh are the same) 

Cross-sections for a group 

A4 (I+l)+A4 (I) 

A4(1+1)-A4(1) 
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85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
99 

LA3 

LA4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
LA5 

LQ 

LQR2 

LQTl 

LBRl 

LBRZ 

LBTl 

LBTZ 

LXDF 

LYDF 

LIHXC 

BRl(JT,MM) 

BR2(JT,MM) 

BTl(IT,MM) 

BT2(IT,MM) 

XDF (IT) 

YDF (JT) 

IHXC (IMC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) 

100 LIHYC IWC(JMC) 

101 LDXC IDXC(1T) 

102 LDYC IDYC(JT) 

103 LDYAC IDYAC(JT) 

104 

105 LFL 

106 LFLA 

107 

108 LFIS 

109 LFISA 

110 

111 LDC 

Axial direction surface area 

Radial direction surface area = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA4*YH 

Volume = AS*YH 

Distributed source (overstorage assigns maximum of NMIJ and IPJM as 

length) 

Input right boundary source for in-down directions (conditional on 

IQR. EQ. 1) 

Input right boundary source for in-up directions (conditional on 

IQR. EQ. 1) 

Input top boundary source for in-down directions (conditional on 

1QT.EQ. 1) 

Input top boundary source for out-down directions (conditional on 

IQT.EQ. 1) 

Right boundary flux (in-down and out-down) 

Right boundary flux (in-up and out-up) 

Top boundary flux (in-down and in-up) 

Top boundary flux (out-down and out-up) 

Radial fine-mesh density factors 

Axial fine-mesh density factors 

Number of radial fine-mesh intervals per coarse-mesh interval for the 

material mesh. When the rebalance mesh and material mesh are the same, 

array coincides with IHX 

Number of axial fine-mesh intervals per coarse-mesh interval for the 

material mesh. 

array coincides with zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIHY 

Material radial direction indicators showing which radial coarse-mesh 

interval a fine radial mesh interval belongs to for the material mesh. 

When the rebalance mesh and material mesh are the same, array coincides 

with IDX 

Material axial direction zone index multiples for the material mesh. 

When the rebalance mesh and material mesh are the same, array coincides 

with IDY 

Material axial direction indicators showing which axial coarse-mesh 

interval a fine axial mesh interval belongs to for the material mesh. 

When the rebalance mesh and material mesh are the same, array coincides 

with IDYA 

When the rebalance mesh and material mesh are the same, 

Not used 

FLUX(NM,IT,JT) Flux components 

FLUXA (IT, JT) Scalar flux from previous inner iteration (over-storage assigns maximum 

of ITJT and IPJM as length) 

Not used 

Same origin as FISSA FISS (IT, JT) 

FISSA(IT, JT) Fission source 

Not used 

Cross-section zone identification numbers (IC is IM*JM when the rebal- 

ance mesh and material mesh are the same and IMC*JMC when the rebalance 

mesh and material mesh are not the same) 

IDCS (IC) 
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112 LXR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAxRAD(1) 

113 LYR YRAD(J) 

114 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBALDX IDX(IT) 

115 LDY IDY(JT) 

116 LDYA IDYA(JT) 

117 LXH XH(1) 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

14 2 

143 

144 

145 

146 

147 

148 

LYH 

LW 

LCM 

LCE 

LWM 

LWE 

LP1 

LP2 

LP3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
LP4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
LMN 

LMC 

m 
LF 

LFU 

LFD 

LFR 

LFLL 

LAB 

LQQ 

LQQG 

LFUT 

LFDT 

LFRT 

LFLT 

LABT 

L W  

LGA 

LQG 

LFG 

LSIN 

Input radial coarse-mesh boundaries (I is W 1  when the rebalance mesh 

and material mesh are the same and IMC+1 when the rebalance mesh and 

material mesh are not the same) 

Input axial coarse-mesh boundaries (J is JM+1 when the rebalance mesh 

and material mesh are the same and JMC+l when the rebalance mesh and 

material mesh are not the same) 

Rebalance radial direction indicators showing which radial coarse-mesh 

interval a fine-mesh interval belongs to (when the rebalance mesh and 

material mesh are the same, the block IDXC coincides with IDX) 

Rebalance axial direction zone index multiples (when the rebalance mesh 

and material mesh are the same, the block IDYC coincides with IDY) 

Rebalance axial direction indicators showing which axial coarse-mesh 

interval a fine axial mesh interval belongs to (when the rebalance mesh 

and material mesh are the same, the block IDYAC coincides with IDYA) 

Material mesh radial fine-mesh spacing (I is IM when the rebalance mesh 

and material mesh are the same and IMC when the rebalance mesh and 

material mesh are not the same) 

Material mesh axial fine-mesh spacing 

Direction weights 

Radial direction cosines 

Axial direction cosines 

Product UGT*COSMU 

Product WGT*COSETA 

Spherical harmonic functions f o r  in-down sweep 

Spherical harmonic functions for out-down sweep 

Spherical harmonic functions for in-up sweep 

Spherical harmonic functions for out-up sweep 

Input mixture numbers (conditional on MS.GT.0) 

Input mixture instructions (conditional on MS.GT.0) 

Input mixture densities (conditional on MS.GT.0) 

Coarse-mesh rebalance factors (overstorage assigns IMJP as length) 

Coarse-mesh upward partial current 

Coarse-mesh downward partial current 

Coarse-mesh rightward partial current 

Coarse-mesh leftward partial current 

Coarse-mesh absorption removal rate 

Coarse-mesh source 

Coarse-mesh source 

Sum,of FU over all 

Sum of FD over all 

Sum of FR over all 

Sum of FL over all 

(overstorage assigns IMJP as length) 

over all groups (conditional on IEVT.EQ.0) 

groups (same origin as FU) 

groups (same origin as FD) 

groups (same origin as FR) 

groups (same origin as FL) 

Sum of absorption rate over all groups 

Used in subroutine REBAL for inversion 

Used in subroutine REBAL for inversion 

Space- integral of Q 

Space integral of FISSA 

Space integral of group inscatter source 
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149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

LSS 

LSOUT 

LHL 

LVL 

LTL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
LNL 

LRL 

LABG 

LBAL 

LCHI 

LCHIA 

LVEL 

LYM 

SS(1GP) 

SOUT (IGP) 

?IL(IGP) 

VL(1GP) 

TL(1GP) 

NL (IGP) 

=(IGP) 

ABG (IGP) 

BAL (IGP) 

CHI (IGP) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
CHIA (IGP) 

VEL(1GP) 

WJ) 

162 LXM XM(1) 

163 LXRA XRADA(1) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
' 164 LYRA YRADA(J) 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 
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LSOU 

LANF 

LAA 

LB1 

LALl zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
LAL2 

W F  

LQBl 

LQB2 

LCTOT 

JCONV 

TNZN 

XLAPP 

XLAP 

ICNT 

E2 

El 

EVPP 

EVP 

E4 

SOURCE (NM, IT, JT) 

ANF(ITP,MM,2) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
AAJ (MT) 

B1 (JT) 

CTOT (IT, JT) 

Space integral of group selfscatter source 

Space integral of group outscatter source 

Group horizontal leakage 

Group vertical leakage 

Group total leakage 

Group net leakage 

Group right leakage 

Space integral of group absorption rate 

Group neutron balance 

Input fission spectrum 

Fission spectrum used in the calculation 

Group velocities 

Material axial-mesh modification factors (J A JM when the rebalance 

mesh and material mesh are the same and JMC when the rebalance mesh 

and material mesh are not the same) 

Material radial-mesh modification factors (I is IM when the rebalance 

mesh and material mesh are the same and IMC when the rebalance mesh 

and material mesh are not the same) 

Modified material coarse-mesh radial boundaries (I is IM+l when the 

rebalance mesh and material mesh are the same and IMC+1 when the re- 

balance mesh and material mesh are not the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsame) 

Modified material coarse-mesh axial boundaries (J is JMtl when the re- 

balance mesh and material mesh are the same and JMC+1 when the rebalance 

mesh and material mesh are not the same) 

Total source in a group (same origin as Q) 

Horizontal angular flux temporary storage (conditional on IANG.NE.0) 

Effective absorption cross-section 

l.O/axial delta - used to multiply all areas and volumes in major re- 

cursion formulas 

a coefficient (MM+l/2)/WGT 

a coefficient (MM-1/2) /WGT 

a flux due to curvature streaming (NN=ISN/~) 

Input bottom boundary source for in-up directions (conditional on 

IQB.EQ. 1) 

Input bottom boundary source for out-up directions (conditional on 

IQB. EQ. 1) 

Effective total cross section 

Final convergence indicator 

N,2N reaction term used in balance equations 

Value of lambda from sequence of outer iterations previous to that of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
XLAP 

Value of lambda from previous sequence of outer iterations 

Iteration trigger used in NEWPAR 

Temporary storage 

Temporary storage 

Eigenvalue from cycle of outer iteration previous to that of EVP 

Eigenvalue from previous sequence of outer iterations 

Temporary storage 



185 NGO 

186 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAALAR 

187 MESH 

188 IITNO 

189 TS 

190 G 

191 ICONV 

192 NGOTO 

193 E3 

194 EVS 

195 IITOT 

196 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAALA 

197 TIN 

198 FTP 

199 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIFN 

200 OITNO 

201 22 

202 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, BB 

203 CC 

204 DD 

205 T 

206 S 

207 CT 

208 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASUMMU 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 
thru 
245 

SUMETA 

NN 

AA 

TI 

TJ 

TM 

ERR 

LBT3 BT3(IT,MM) 

LBT4 BT4 (IT,MM) 

NLIMIT 

IFLAG 

Return indicator set in NEWPAR 

Value of lambda from previous outer iteration 

Rebalance mesh and material mesh the same indicator (0/1 = yes/no) 

Inner iteration number 

Total integrated source to a group 

Number of current group (Integer) 

Secondary convergence indicator 

Return indicator set in TESTS 

Temporary storage 

Slope used in eigenvalue search 

Total number of inner iterations 

Parameter lambda 

Time 

Previous fission total 

Fission calculation indicator set in INITAL 

Outer iteration number 

Radial geometric function used in FIXUP 

Axial geometric function used in FIXUP 

Angular function used in FIXUP 

Angular function used in FIXUP 

Cell-centered flux used in FIXUP 

Source used in FIXUP 

Total cross section used in FIXUP 

MM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 COSMU (M) *WGT (M) 

IF1 

MM 
1 COSETA(M) *WGT(M) 

P l  

ISN/2 

Radial geometric function used in FIXUP 

Temporary 1-flux used in FIXUP 

Temporary j-flux used in FIXUP 

Temporary m-flux used in FIXUP 

Not used 

Scalar flux error from comparison with previous flux 

Not used 

Not used 

Not used 

Top boundary flux (conditional on IBT.EQ.3) 

Not used 

Not used 

Top boundary flux (conditional on IBT.EQ.3) 

Not used 

Rebalance constant associated with maximum number of inner iterations 

(IITL) used to determine type of rebalance in INNER 

Whole-system rebalance indicator 

Not used 
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246 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIANGPR 

247 TIMACC 

240 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMCRRDS 

249 NOSGUP 

250  IOLYCS 

62 

Signed angular f lux storage indicator 

Accumulated problem running time 

Signed number of input nuclides requested from the code dependent 

input f i l e  

Sigma up included in  cross-sections indicator 

Overlay indicator ( f i r s t  d ig i t  gives primary overlay and second digit  

gives secondary overlay when read in  octal) 



TABLE I X  

CONTENTS OF NAMED COMMON BLOCK FWBGNl 

The named common block FWBGNl conta ins t h e  informat ion requi red t o  cont inue t h e  processing of t h e  cur- 

r e n t  problem if i t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Po zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs i t ion 

1 

2 

3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 5  

16 

17 

18  

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Name 

IDUSE 

LAST 

LASTEC 

IGCDMP 

IPSO 

LTSO 

IPFL 

LTFL 

IPFX 

LTFX 

LXFX 

IPXS 

IPXSCT 

LTXS 

LTOXS 

LTAXS 

IPQS 

LTQS 

IEREC 

I2 

I 4  

I6  

ISPANQ 

IPHAF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
IPVAF 

LTHAF 

LTVAF 

IF0 

is r e s t a r t e d .  

Contents and Remarks 

A vec tor  used f o r  t h e  t i t l e  of t h e  problem i n  A4 format ( length of 18 words) 

Length of common block A used by t h e  cur ren t  problem 

Length of LM used by t h e  cur ren t  problem 

Group number of r e s t a r t  dump 

LCM po in te r  of t h e  source-to-the-group block which is ca lcu la ted  by subrout ine OUTER and 

used by subrout ine INNER 

Length of t h e  source-to-the-group block 

LM po in te r  f o r  t h e  f i r s t  group of t h e  flow block (each group block conta ins t h e  coarse- 

mesh p a r t i a l  cur ren ts  matr ices f o r  t he  upward, downward, r ightward and le f tward d i rec-  

t i o n s )  

Length of t h e  flow block f o r  a group 

LCM po in te r  f o r  t he  f i r s t  group of t he  f l u x  block (each group block conta ins t h e  three- 

dimensional f l u x  a r r a y  a s  w e l l  as boundary a r rays  s to red  consecut ive ly)  

Length of t h e  f l u x  block f o r  a group 

Length of t h e  three-dimensional f l u x  a r ray  

LCM po in te r  f o r  t h e  f i r s t  group of t h e  cross-sect ion block (each group block conta ins  

t h e  cross-sect ion a r ray ,  t he  e f f e c t i v e  absorpt ion vec tor  and t h e  s p a t i a l  t o t a l  cross- 

sec t ion  a r ray )  

LCM po in te r  f o r  t h e  f i r s t  group of t h e  s p a t i a l  t o t a l  cross-sect ion a r r a y  w i th in  t h e  

cross-sect ion block 

Length of t h e  cross-sect ion block f o r  a group 

Length of t h e  cross-sect ion ar ray  f o r  a group 

Length of t h e  cross-sect ion a r r a y  and t h e  e f f e c t i v e  absorpt ion vec tor  f o r  a group 

LCM po in te r  f o r  t h e  f i r s t  group of t h e  Q-source block (each group block conta ins  t h e  

Q-source a r r a y  and associated boundary source ar rays  ( r i g h t ,  top,  and bottom) 

Length of t h e  Q-source block f o r  a group (zero when not  a Q-calculat ion) 

Not used 

F i n a l  f l u x  p r i n t  i n d i c a t o r  (0/1/2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= a l l / i so t rop ic /none)  

F ina l  f i s s i o n  p r i n t  ind ica tor  (0 /1 = yes/no) 

Coarse-mesh balance t a b l e  p r i n t  i n d i c a t o r  (0/1 - 
i t e r a t i o n  is requi red t o  p r i n t  these t a b e l s  when 

Last  word address of t h e  Q-source block i n  core 

LCM po in te r  f o r  t h e  f i r s t  axial l e v e l  hor izon ta l  

l e v e l s  is 2*JT) 

yeslno - caut ion - 
angular f luxes  a r e  

angular f l u x  block 

an e x t r a  o u t e r  

not  requested) 

( t o t a l  number of 

LCM po in te r  f o r  t h e  f i r s t  axial l e v e l  v e r t i c a l  angular  f l u x  block ( t o t a l  number of 

l e v e l s  is 2*JTP) 

Length of t h e  hor izon ta l  angular f l u x  block f o r  an axial l e v e l  (zero i f  IANG.EQ.0) 

Length of t h e  vertical angular f l u x  block f o r  an axial l e v e l  (zero i f  IANG.EQ.0) 

I n t e r f a c e  output  ind ica tor  (0 /1  = no/yes) 
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TABLE X 

CONTENTS OF NAMED COMMON BLOCK FWBGNP 

The named common block FWBGN2 consists primarily of those indicators used by the program but not vital 

to restart. Parameters which define options are set in program TWOTRAN. 

Position 

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 

3 

4 

5 

6 

7 

8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

10 

11 

12 

Name 

TIMBDP 

TIMSLD 

TIMOFF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MAXLEN 

MAXECS 

LENMCB 

LENCIA 

IFNOVY 

IRCOVY 

I1 

I3 

I5 

Contents and Remarks 

Minimum time between periodic dumps (O/F zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- no periodic dumps/seconds) 
Elapsed time since last dump 

Floating-point form of the input fixed-point parameter ITLIM 

Maximum length of the main common data block A 

Maximum length of LCM storage available to the problem 

Length of the named common block FWBGNl which must be saved for restarts 

Length of the common parameter block IA which must be saved for restarts 

Overlay file name for CDC machine usage (given in left justified. zero fill Hollerith 

form) 

Recall overlay indicator for CDC machine usage (016HRECALL = no reloading of overlay 

when in core/reloading overlay when in core) 

Full flux guess input print Indicator (indicator effective when ISTART is 2 or -2 ,  0/1 - 
yeslno) 

Cross-section print indicator (0/1/2 - all/mixed/none) 
Input source print indicator (0/1/2/3 - all/input/normalized/none) 

TABLE XI 

CONTENTS OF NAMED COMMON BLOCK LOCAL 

The named common block LOCAL contains information that is passed from overlay to overlay for a problem 

but is not needed in restart. 

Position 

1 

2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Name 

NERROR 

ITLIM 

ISNT 

MCR 

MTP 

MTPS 

NISOXS 

LMTF. 

IEDOPS 

NEXTER 

JFISC 

IEDIT 

LIMIT 

LENCLR 

Contents and Remarks 

Parameter input-error indicator 

Fixed-point time problem removal value (O/N - nolseconds) 
S library request indicator 

Number of nuclides requested from the code dependent input file (minus if FIDO 

format) 

Number of library nuclides requested from ISOTXS interface file (MPS* (ISCT+l) ) 

Number of nuclide sets requested from ISOTXS interface file (each set yields ISCT+l 

blocks) 

Number of isotopes in the set as read from the ISOTXS interface file 

Core pointer for the ISOTXS interface file position number data block 

Signed value of IEDOPT 

Fetch next case indicator (if any error was detected after all input was successfully 

read, the next problem is fetched) 

Return indicator used in the computational overlay (2,O) 

A vector of length two which contains the edit values NZ and N O W  

Maximum storage length required by input cross-sections and calculation of anisotropic 

scattering coefficients 

Length of the partial block to be cleared during input 

n 
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TABLE X I 1  

CONTENTS OF NAMED COMMON BLOCK SWEEP 

The named common block SWEEP is used t o  pass the  cur ren t  va lue  of v a r i a b l e s  from subrout ine INNER t o  

subrout ines  I N  and OUT without using a c a l l i n g  sequence en t ry .  

Pos i t i on  Name Contents and Remarks 

1 BA Two times one over the  a x i a l  d e l t a  fo r  t he  cu r ren t  J l e v e l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 BC YH(J) which is t h e  cur ren t  a x i a l  fine-mesh spacing 

3 J Current a x i a l  J l e v e l  index zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 J1 IDYA(J) which is  t he  cur ren t  a x i a l  d i r e c t i o n  i nd i ca to r  f o r  t h e  axial fine-mesh 

5 52 IDYA(J-1) f o r  downward ( J  decreasing) sweeps and 

IDYA(J+l) f o r  upward ( J  increasing) sweeps 

TABLE X I 1 1  

CONTENTS OF NAMED COMMON BLOCK UNITS 

The named common block UNITS conta ins  the  symbolic names of a l l  i npu t ,  ou tpu t ,  and sc ra tch  dev ices  re- 

quired by TWOTRAN-I1 which are set i n  t he  main program TWOTRAN. 

Pos i t i on  

1 

2 

3 

4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 

6 

7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a 
9 

1 0  

11 

12 

Name 

NINP 

NOUT 

NAFLUX 

NDUMPl zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
NDm2 

NEXTRA 

NEDIT 

IAFLUX 

ITFLUX 

ISNCON 

IFIXSR 

ISOTXS 

Contents and Remarks 

Problem code dependent decimal inpu t  

Problem decimal output 

Angular f l u x  by group 

F i r s t  r e s t a r t  dump u n i t  

Second restart dump u n i t  

Scratch u n i t  

Edi t  inpu t  s to rage 

In te r face  form of angular f l u x  

In te r face  form of t o t a l  f l ux  

In te r face  form of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS cons tan ts  n 
In te r face  form of inhomogeneous Source (Q source) 

In te r face  form of mult igroup c ross  sec t i on  f i l e  ISOTXS 

5. Machine Dependent Subprograms 

a. LCM System Routines 

LCM ( la rge  core  memory) is a l a r g e  bulk memory 

from which blocks of words may be  quickly t rans fe r -  

red t o  o r  from SCM (small  core  memory). 

dom bulk memory is accessed through two system 

rou t i nes  - ECRD ( t r a n s f e r s  LCM t o  SCM) and ECWR 

( t r a n s f e r s  SCM t o  LCM) - which process consecut ive 

words of SCM and consecut ive words of LCM given an 

SCM address and a po in te r  va lue  f o r  LCM. 

er va lue  given may be thought of  as the  index of a 

conta iner  a r ray .  

block of core ,  i t  i s  necessary t o  provide t h e  read1 

write rou t i nes  wi th t h e  core  o r ig in ,  t he  LCM po in te r  

This ran- 

The point- 

To read from o r  write i n t o  a 

va lue  and t h e  number of consecut ive words t o  be 

t rans fe r red .  For example, i f  we consider reading 

t h e  e n t i r e  FLUX block f o r  group I G  from LCM t o  SCM, 

we would have t h e  For t ran  I V  statements 

CALL REED(O,IPFX+(IGl)*LTFX,FLUX,LTFX,l) and 

CALL ECRD(FLUX,IPFX+(IGl)*LTFX,LTFX,IER) 

I n  these statements FLUX is t h e  SCM conta iner  a r ray ,  

IPFX+(IG-l)*LTFX is t he  l oca t i on  of t h e  f i r s t  word 

of t h e  IGth  group f l u x  a r r a y  i n  LCM. and LTFX words 

are t r ans fe r red .  IER is an e r r o r  i nd i ca to r .  Cn t he  

CDC 6600 Extended Core Storage (ECS) p lays  t h e  r o l e  

of LCM. 

placed with core-to-core t rans fe rs .  

On t h e  IBM 360/195 ECRD and ECWR are re- 
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b. General System Routines 

Addi t ional  system rou t ines  required by the  code 

are SECOND (obtains cur ren t  t ime),  DATE1 (obtains 

cu r ren t  d a t e ) ,  ATAN (a rc tangent ) ,  SQRT ( f l oa t i ng  

point  square r o o t ) ,  and EXIT ( re tu rns  cont ro l  t o  

system f o r  next job) .  

Use of an end of f i l e  test zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAis made i n  INPUT11 

t o  d e t e c t  t he  last  case of a sequence of cases. 

test must be replaced by an equivalent statement t o  

ob ta in  a normal e x i t .  

The 

Name 

N I N P  

NOUT 

NAFLUX 

NDUMPl zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
NDUMPZ 

NEXTRA 

NEDIT 

mux 

Logical Unit 
(CDC Machines Only) 

10  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 

7 

5 

18 

17 

31 

TABLE 

TWOTRAN-I1 FILE 

Content s 

Problem code dependent 

decimal inpu t  

Problem decimal output 

Binary angular f l u x  by 

group generated only 

on a spec ia l  last out- 

er i t e r a t i o n  when 

requested 

Restart dump 

Restart dump 

Scratch f i l e  

Edi t  inpu t  s to rage 

In te r face  form of an- 

gu la r  f l u x  ( e i t h e r  

ad jo in t  o r  regu la r )  

B. External  and In te rna l  Data F i l e s  

A l l  f i l e s  used f o r  inpu t ,  output and sc ra tch  

da ta  a r e  re fe r red  t o  by symbolic name throughout t h e  

code. 

assigned a f i l e  by modi f icat ion of t he  symbolic name 

which is i n i t i a l i z e d  i n  the  main program of TWOTRAN- 

11. 

The user may e a s i l y  change the  physical  u n i t  

Table XIVindicatee the  f i l e s  required by 

TWOTRAN-11. 

X I V  

REQUIREMENTS 

Remarks 

The user may wish t o  equate t h i s  f i l e  t o  the  system 

input f i l e .  

The user should equate t h i s  f i l e  t o  t h e  system deci- 

m a l  pr in ted  output f i l e .  

The conten ts  f o r  each group c o n s i s t s  of P*JTP rec- 

ords of leng th  LTVAF p lus  2*JT records of leng th  

LTHAF. 

This u n i t  is used t o  rece ive  the  f i r s t  restart dump 

when the  problem is not r e s t a r t e d  from a previous 

dump. The u n i t  must contain the  restart dump in- 

formation when t h e  problem is r e s t a r t e d  and w i l l  

then be used t o  rece ive  the  second restart dump 

(NDUMPZ rece ives  the  f i r s t  dump). 

Second restart dump u n i t  

The f i l e  is used i n  both the  decimal and binary 

mode. 

mode. The decimal mode is used f o r  Ho l l e r i t h  con- 

vers ions  ra the r  than the  core  t o  core  conversions 

given by the  FORTRAN statements of ENCODE and 

DECODE of CDC machines. 

t o  reorder d a t a  required by i n te r face  output f i l e  

rou t i nes  and ed i t i ng  rou t ines .  

To save core ,  e d i t  input is s tored  on t h i s  f i l e  

u n t i l  time of e d i t .  

Output of t he  angular f luxes  i n  i n t e r f a c e  form is 

placed on t h i s  f i l e .  The f i l e  is rewound p r i o r  t o  

processing the  f luxes  and an end of f i l e  is placed 

on the  f i l e  a f t e r  t he  last  write. Data f o r  one 

problem only is kept on t h i s  f i l e .  

The records at  any one t i m e  are not  mixed 

The binary mode is used zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

c 
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ITFLUX 

ISNCON 

IFIXSR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ISOTXS 

N5 

30 

32 

33 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
34 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
40 

In te r face  form of t o t a l  

f l u x  ( e i t h e r  a d j o i n t  o r  

regu la r )  

In te r face  form of Sn 

cons tan ts  

In te r face  form of 

source 

In te r face  form of t h e  

cross-sect ion multi- 

group f i l e  ISOTXS 

Scratch s to rage f o r  

FIDO subrout ine which 

appears only i n  t h e  

IEM code vers ion  

The code requ i res  t h a t  t h i s  u n i t  be used when a f l u x  

guess is requested from t h e  t o t a l  f l u x  i n t e r f a c e  

f i l e .  The u n i t  is rewound and t h e  records of t he  

f i r s t  f i l e  are used as t h e  input  guess. The i n t e r -  

f a c e  form of t h e  t o t a l  f l u x  is prepared on t h i s  f i l e  

as problem output by rewinding t h e  f i l e  and wr i t ing  

t h e  f i l e  i n  standard format. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA n  end of f i l e  is 

placed on t h e  f i l e  a f t e r  t he  last  write i ns t ruc t ion .  

When t h e  f i l e  is used a s  input ,  only t h e  f i r s t  one- 

four th  of t h e  va lues of weights and d i r e c t i o n  co- 

s i n e s  are read as i npu t .  When used as i npu t ,  t h e  

f i l e  is rewound and read.  When used as output  t h e  

f i l e  is rewound and wr i t ten ,  inc lud ing an end of 

f i l e .  

This f i l e  is used only a s  input  f o r  t h e  c e l l  center-  

ed inhomogenous source. Boundary sources ( i f  any) 

a r e  obtained from t h e  code dependent input  f i l e .  

This f i l e  is only used as i npu t  when c r o s s  sec t ions  

a r e  requested from an i n t e r f a c e  f i l e  l i b r a r y .  

Necessary f o r  reading FIDO format c r o s s  sec t ions  on 

IBM 360 machines only 

C. Hardware Requirements 

The TWOTRAN-I1 code does not  requ i re  a n y s p e c i a l  

hardware. The LASL CDC 7600 provides 65K (decimal) 

SCM and 512K LCM 60-bit words. Only 370K LCM a r e  

a v a i l a b l e  t o  t h e  user  wi th  t h e  operat ing system and 

b u f f e r s  using t h e  remainder. 

provide 84 mi l l ion  decimal words of per iphera l  s t o r e  

per  u n i t .  

D. Software Requirements 

1. CDC Machines 

The code was designed t o  opera te  on t h e  CDC 

Type 7638 d isk  u n i t s  

7600 under t h e  CROS operat ing system" which was de- 

veloped a t  Lo8 Alamos. 

compiler wi th  a CDC opt imizer a t tached.  

3.1 which has been heavi ly  modified" at  Los Alamos, 

and t h e  CDC RUN compiler is again used. 

The system uses t h e  CDC RUN 

The code operates on t h e  CDC 6600 under SCOPE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
On both machines, t h e  d i s k  u n i t s  provide s to r -  

age f o r  i npu t ,  output ,  sc ra tch ,  and res ident  f i l e s .  

2. TWOTRAN-I1 f o r  t h e  IBM-360 

TWOTRAN-I1 was prepared f o r  t h e  IBM-360/195 

from t h e  CDC-7600 vers ion  of t h e  code. The IEM-360 

vers ion  operates i n  t h e  four  by te  f l o a t i n g  po in t  

mode. 

so t h a t  conversion t o  t h e  IBM-360 would invo lve as 

few changes as poss ib le  and so t h a t  an e i g h t  by te  

f l o a t i n g  point  vers ion of t h e  code could e a s i l y  be 

made, i f  needed. E n t r i e s  of named common blocks 

were ordered t o  make t h i s  poss ib le ,  and formats f o r  

reading input  t i t l e  d a t a  were changed t o  A4 formats.  

The CDC-7600 vers ion  of t h e  code was prepared 

The major change made in t he  conversion of the 

code was i n  t h e  t reatment of per iphera l  s to rage .  

The v a s t  amount of f a s t  core  avai , lable on t h e  IBM- 

360 is one of t h e  cheaper resources of t h a t  machine. 

It was thus decided to  place t h e  d a t e  normally kept 

i n  LCM ( la rge  core  memory) i n  an expanded conta iner  

a r ray .  

conta iner  a r r a y  (indexed from 1 through LAST) a s  

s m a l l  core  (SCM) and the  remainder a s  LCM (indexed 

s t a r t i n g  a t  LAST+l and ending a t  MAXLEN). The sys- 

t e m  r o u t i n e s  ECRD and ECWR of t h e  CDC-7600 were re- 

placed by simple rou t ines  which move d a t a  t o  and 

from sec t ions  of t h e  conta iner  a r ray .  

poss ib le  t o  keep t h e  LCM po in te r  s t r u c t u r e  of t h e  

code wi th  no change i n  l o g i c  and w i th  l i t t l e  c o s t  

i n  t i m e  f o r  d a t a  movement. It should be noted t h a t  

This w a s  accomplished by us ing p a r t  of t h e  

It was thus 
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the amount of core needed (MAXLEN) is computed first 

and the amount of LCM needed is computed as zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMAXLEN 

minus LAST. The size of the container array is 

changed simply by changing the dimension of common 

block A and assigning a new value to MAXLEN. Both 

changes need be made only in program TWOTRAN. 

In the edit and interface output sections of 

the code, the amount of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASCM required is recomputed 

and tested against LAST. 

may fail, but enough core may exist in the container 

array for both SCM and LCM. Then, the value LAST 

may be reset and that portion of the container array 

corresponding to LCM moved to accomodate the in- 

creased requirement for SCM. 

In rare cases these tests 

Because of the amount of core storage available 

on the IBM machines, it was found to be computation- 

ally advantageous to combine the computational over- 

lay GRIND2 with its secondary overlays. 

In addition to storage reorganization, the fol- 

lowing changes were made to effect the IBM conver- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
sion of TWOTRAN-11: 

1. 

2. 

3. 

4. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 .  

Dummy subroutines were substituted for sys- 

tem subroutines DATE1 (returns date as an 

A8 word) and SECOND (returns floating point 

value of the current time). The dummy rou- 

tine for SECOND must be replaced by a local 

system routine or the periodic and time 

limit dump options will not work. 

A subroutine FIDO was added to process the 

FIDO cross-section format. The CDC-7600 

algorithm to read this format uses a re- 

wind command. On the IBM system a pro- 

hibitively large amount of wait time was 

required because of the rewind command. 

Hollerith 6H constants throughout the code 

were typed as real eight byte data, in- 

cluding subroutine call list variables. 

Subroutine WRITE uses one such variable as 

either an integer (four bytes) or an 6H 

constant (eight bytes), and this situation 

was treated by equivalencing statements. 

The IF(E0F) CDC job termination test was 

replaced with a read with the IBM END pa- 

rameter. 

CDC overlay cards were removed, overlay 

programs were changed to subroutines, calls 

to overlay segments were replaced with 

calls to the subroutines, and the setting 

of overlay parameters IFNOVY and IRCOVY 

was eliminated. 

Several options were added to subroutine 

REED to treat interface file data. All 

such data is assumed to be four-byte words, 

but the specification record of such files 

is three eight-byte words plus one four- 

byte integer. 

file contain mixed 6H data (8 bytes), and 

floating point and integer (4 bytes). 

Finally, reading the SNCONS file required 

skipping a portion of the record before 

reading additional data. All of these 

problems were treated by adding options 

to REED. 

Shortened names (six character maximum) 

were required for the following routines: 

Two arrays of the ISOTXS 

CDC 

TWOTRAN 

INPUT11 

INPUT12 

INPUT13 

INPUT14 

INPUT15 

GRIND21 

GRIND22 

GRIND23 

OUTPUT3 

OUTPT31 

OUTPT32 

IBM-360 

(Main program) 

INPTll 

INPTl2 

INPT13 

INPT14 

INPT15 

GRID21 

GRID22 

GRID23 

OUTPT3 

OUTT31 

OUTT32 

E. Programming Considerations 

1. Storage Management 

a. Variable Dimensioning 

A single container array, A, in common is used 

for the blocks of data required in executing a prob 

lem. 

compact in the A array so that the size of a prob- 

lem is limited by the total storage required rather 

than by the size of individual parameters. 

er word is associated with each data block and is 

used to index A to locate the block. For example 

LFL is the first word address of the flux block in 

A and A(LFL) is the first word of the flux array. 

When subroutine calls are written, the address of 

a data block, say A(LFL), is passed through the 

argument call. In the subroutine the data block is 

The storage of all data is consecutive and 

A point- 
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variably dimensioned so that it may be easily index- 

ed by its subscripts, e.g. FLUX(N,I,J). 

With the exception of subroutines IN and OUT, 

consistent use is made of data mnemonics. In sub- 

routines IN and OUT, variable names are shortened 

and dimension sizes are transmitted strictly to 

variably dimension arrays. Index limits IT, MM, NM, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAITP, which coincide with dimension s izes,  are 
passed through equivalences. 

computing time when the RUN compiler is used. 

This arrangement saves 

b. Allocation of Large Core Memory (LCM) 

The allocation of storage in large core memory 

(LCM) is handled in the same manner as core storage. 

Most of the group-dependent arrays are stored in LCM 

so the dimensionality is IGM times the core require- 

ment of the array. For example, there are 

ImNM*IT*JT LCM locations required for FLUX(NM,IT, 

JT) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 
Certain blocks of data are stored contiguously 

in core so that they may be read in and out of LCM 

in a single stream. For example, the flux block 

includes FLUX (NM, IT, JT) , BRl (JT,MM) , BR2 (JT,MM) , 
BTl(IT,MM), and BT2,(IT,MM) when the boundary condi- 

tions are implicit; and, if a periodic boundary con- 

dition is used on the top and bottom boundaries, 

BT3(IT,MM) and BTL(IT,MM) are also included. The 

first word of this block is LFL, and the last wordis 

ISPANF. The cross-section block included the cross 

sections C(IHM,MT), the effective absorption zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAAJ(MT) 

and the total cross section CTOT(IT,JT). The first 

word of th is  block is LC, and the l as t  word ISPANC. 

The Q source block is conditional on a source type 

calculation. When present it includes Q(NM,IT,JT), 

QRl(JT,MM) and QRZ(JT,MM) when IQR is one, QTl(IT, 

MM) and QT2(IT,MM) when IQT is one, and QBl(IT,MM) 

and QB2(IT,MM) when IQB is one. The first word of 

this block LQ and the last word is ISPANQ. 

Angular flux data is written in LCM not by 

group but by an axial level index. 

of LCM storage is given in Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXV. 

A complete list 

c. Computation of Required Storage 

The easiest way to compute the storage required 

by a problem is to load the problem for a short run 

and let the code compute LAST, the amount of SCM and 

LASTEC, the amount of LCM. The computation is made 

very early in problem execution and the result is 

printed before most of the data is read. 

imate formula for LAST is 

An approx- 

IPXS 

IPQS 

IPFL 

IPHAF 

I W A F  

TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXV 

LCM STORAGE PARAMETERS 

LCM First Length Per No. of 
Word Address Block Blocks Contents 

IPFX LTFX IGM Flux blocks by 

IPSO LTSO 1 Source to group 

(ISPANF+l-LFL) group 

(NH*IT*JT) not including 
within group 
scatter 

LTXS IGM Cross section 
(IT*JT+MT* blocks by group 
( IWl) )  

LTQS IGM Q-source blocks 
(I SPANQtl-LQ ) by group, present 

only if IEVT . EQ . 0 

LTFL IGM Flow blocks by 

L W  2*JT Horizontal angular 
(ITP*MM*2) flux by axial lev- 

(IPrnIM3P)*P) group 

el, present only 
if IANG. NE. 0 

LTVAF 2*JTP Vertical angular 
(IT*MM*2) flux by axial lev- 

el, present only 
if IANG. NE. 0 

LAST - IT*JT*(2*NM+3)+2*MM*(IT+JT)+E*(IM*JM) 

+ ( IMc*JMc ) + ( IHM*MT) 

where the variables in the formula are defined in 

TableVIII. The formula does not include several con- 

ditional data blocks. 

angular flux which can be very expensive, especially 

for LCM storage. The sizes of the conditional blocks 

The largest of these is the 

are : 

2*MM*ITP IANG.NE.0 

2*MM*JT IQR. NE. 0 

2*MM*IT IQT. NE. 0 

2*MM*IT 1QB.NE. 0 

IM*JM IEVT .EQ. 0 

IMC IXM.NE.0 

JMC IYM. NE. 0 

2*MM*IT IBT.EQ. 3 

2*JT+IT+IMC+JMC KESH.NE.0 

The amount of LCM is given by 

LASTEC * IGM*{ IT*JT* (NM+l)WT* (IHMtl) 

+2*[JM*(IM+l)+IM*(JM+l)] )+NM*IT*JT 

with conditional block sizes: 
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IGM*MAXO[NM*IT*JT,(IM+l)*JM] zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIEVT.EQ.0 

2*IQl*IT*MM IBT .EQ. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 

2*IGM*MM* (IT+JT) IBR.GT.0 or 

IBT. GT. 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4*MM (ITP* JT+IT*JTP) IANG.NE.0 

2*IGM*MM*JT IQR. NE. 0 

2* IGM*MM* IT 1QT.NE. 0 

2*IGM*MM*IT IQB.NE. 0 

d. Temporary Storage Requirements 

The amount of storage actually calculated for 

LAST is the maximum of three quantities. 

of these is  the total amount of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASCM required for 

problem execution and the other two are temporary 

storage requirements, one for input of cross sec- 

tions and the other for calculation of anisotropic 

scattering coefficients. Usually, the problem data 

requirement is much larger than the temporary stor- 

age requirement, but occasionally the input cross 

section requirement (IGM*IHM*MT words) is largest. 

The first 

A test is made for each of the temporary stor- 

ages and the user i s  informed if more SCM i s  requir- 

ed than is available. 

the time of edit information input (The edit data 

is stored peripherally during problem execution, but 

it is conceivable that reading the data on input zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi n  

INPUT15 would require too much storage.), when stor- 

age is redefined for editing in EDCALL and when 

storage is redefined for interface output in IFOUT. 

Additional tests are made at 

e. Overstorage of Data In Core 

In TWOTRAN-11, a certain amount of overstorage 

i s  used to reduce the total amount of small core 

memory (SCM) required; i.e., more than one array may 

reside in the same SCM locations as the problem pro- 

gresses. The most important example of this is that 

the large arrays Q(NM,IT,JT) and SOURCE(NM,IT,JT) 

are stored in the same spaces. 

in OUTER to generate the total source to a group, 

including the inhomogeneous source, if any. This 

source is then written in LCM. In INNER thissource 

i s  read into SCM after each inner iteration to ini- 

tialize the SOURCE array. 

group source is added to SOURCE. 

The coarse-mesh total flows (sum over all 

The Q array is used 

Then the rest of the 

groups of the group flows) are stored in the same 

space as the group flows. That is, W T ,  FDT, FRT, 

FLT are stored over FU, FD, FR, and FL. The group 

values of FU, FD, FR, and FL are stored in LCM and, 

after all groups are finished, the total values are 

accumulated. To perform this accumulation, we 

make temporary use of the arrays Q(NM,IT,JT), 

FLUXA(IT,JT), F(IM,JM), and QQ(IM,JM). For this 

reason when we allocate storage for, say, FLUXA, 

we must assign the larger of IT*JT and (IM+l)*JM 

storage words because both sizes of arrays are 

stored in the same SCM area. 

are necessary for the other arrays. 

Similar precautions 

When input cross sections are read, they are 

read into location LQ and when anisotropic scatter- 

ing spherical harmonic coefficients are calculated, 

storage beginning at location LC is used. 

of these cases, the amount of storage required is 

checked (previous section) and the core is reinitial- 

ized after the operation is  complete. 

storage is performed when maps are written (subrou- 

tine MAPPER) and when the microscopic material edit 

block is read into locations beginning at LmT. 

In each 

Similar over- 

2.  Restart Tape Composition 

The restart dump is composed of the following 

records: restart parameter information, named com- 

mon block FWBGNl, common block IA, data common block 

A (only the portion used by the problem), group flux 

blocks from L M ,  blocks of the remainder of LCM 

(starting after the last flux block and with a maxi- 

mum length of the data portion of common block A ) ,  

and angular flux records by group (2*JTP records of 

length LTVAF plus 2*JT records of length LTHAF per 

group). The angular flux information is only gen- 

erated when requested and in the last pass of the 

calculation for groups one through the current 

group. The number of data entries is the first word 

of each record on the dump tape. 

contains the current group (IGCDMP) value of zero. 

The restart parameter information is a vector 

The final dump 

which contains five words in the following order: 

1. IGM Number of groups. 

2. NORDM Number of LCM records excluding the 

flux records. 

3 .  NORDAF Number of angular flux records. 

4. ITJT Product of fine radial mesh total 

and fine axial mesh total. 

5 .  NM Number of flux components. 

The flux by group was separated from the rest 

of LCM to permit easy access to that block. 

3 .  Standard Interface Files 

The standard interface files read and written 

by TWOTRAN-I1 are version I1 files.3 As far as 
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possible the codes which process these files are 11. 

subroutines. 

the very first entry on a file is used as the input, 

and in writing, the file is rewound prior to the 

output of data. No physical unit distinction is 

made between regular and adjoint input or output 

files. 

vide a flux guess, and a standard interface file 

flux output is requested, the input file information 

is destroyed. 

The user should note that in reading, 

12. 

If a standard interface file is used to pro- 13. 
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