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ABSTRACT 

This report documents the computer code block VEN'I'URE designed to 

solve multigroup neutronics problems with application of the finite- 

difference diffusion-theory approximation to neutron transport (or  

alternatively simple P1)  in up to three-dimensional geometry. It uses 

and generates interface data files adopted in the cooperative effort 

sponsored by the Reactor Physics Branch of the Division of Reactor 

Research and Development of the Energy Research and Development 

Administration. Several different data handling procedures have been 

incorporated to provide considerable flexibilicy; it is possible to solve 

a wide variety of problems on a variety o f  computer configurations 

relatively efficiently. The programming in Fortran is straightforward, 

although data is transferred in blocks between auxiliary storage devices 

and main core, and direct access schemes are used. The size of problems 

which can be handled is essentially limited only by cost of calculation 

since the arrays are variably dimensioned and several data handling 

modes are programmed; the memory requircment is held down while data 

transfer during iteration is increased only as necessary with problem size. 

The more common orthogonal coordinate systems arising in reactor 

analysis applications have been treated in from one through three dimen- 

sions. These include the slab, the cylinder, 0 - R ,  Q-R-Z, and hexagonal 

arid triagonal coordinate systems in two and three dimensions. Only the 

mesh-centered finite difference formulation has been programmed. There 

is provision for the more common boundary conditions including the 

repeating boundary, 180" rotational symmetry, and the rotational symmetry 

conditions for the 90" slab and the 60" and 120" triangular grids on planes. 
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A varicty of type of problem may be solved: the  usual eigenvalue 

problem, a direct criticality search on the buckling, on a reciprocal 

velocity absorber (prompt mode), or on nuclide conceritrations, or an 

indirect cri ticality search on nuclide concentrat ions,  or on dimensions. 

First-urder perturbation analysis capability is available at %he 

macroscopic cross section level. 
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COMPIJTEK CODE ABSTRACT 

Program I d e n t i f i c a t i o n :  VENTURE, A Code Block f o r  Solving Multigroup 

Neutronics PrQblemS Applying t h e  F in i t e -Di f f e rence  Dif fus ion  o r  a 

Simple P1 'Theory Approximation t o  Neutron Transpor t ,  Version 11. 

Funct ion:  'This code so lves  usua l  neu t ron ic s  e igenvalue,  a d j o i n t ,  

f i x e d  source ,  and c r i t i c a l i t y  search  ( d i r e c t  and i n d i r e c t )  problems, 

t r e a t i n g  up t o  t h r e e  geometric dimensians,  maps power d e n s i t y  and 

does f i r s t  o rde r  p e r t u r b a t i o n  a n a l y s i s  a t  t h e  macroscopic c r o s s  sec t inn  

l e v e l .  The code i s  used as a module of a l o c a l  computation system. 

a 

b 

Method of  So lu t ion :  An i n n e r ,  o u t e r  i t e r a t i o n  procedurc i s  used with 

seve ra l  d i f f e r e n t  d a t a  Iiandling schemes programmed i n  p a r a l l e l  I )  

Rest ra ined  l i n e  ove r re l axa t ion  i s  used,  and succeeding i t e r a t e  f l u x  

sets may be acce le ra t ed  by t h e  Chebyshev process ,  and asymptotic 

e x t r a p o l a t i o n  done when d i s t i n c t  e r r o r  modes e s t a b l i s h .  

e igenvalue o f  a problem i s  es t imated  each o u t e r  i t e r a t i o n  from an 

o v e r a l l  neutron balance;  however, source r a t i o s  are used i n  some 

s i t u a t i o n s .  The d i f f e r e n c e  equat ion i s  mesh ccntered  p o i n t .  Advanced 

c a p a b i l i t y  i s  incorpora ted ,  as t o  t rea t  direct ion-dependent  d i f f u s i o n  

c o e f f i c i e n t s  and zone-dependent f i s s i o n  source d i s t r i b u t i o n  func t ions .  

Macroscopic nuc lea r  p r o p e r t i e s  are c a l c u l a t e d  from microscopic c ros s  

s e c t i o n s  arid nuc l ide  concen t r a t ions .  

Normally the  

4 ~ Related Material : Standard i n t e r f a c e  d a t a  f i l e  s p e c i f i c a t i o n s  adopted 

i n  t h e  ERDA Reactor Physics  code coord ina t ion  e f fo r t  are used. 

d a t a  must be read  by a s e p a r a t e  processor .  

Same i n t e r f a c e  f i l e s  w i l l  couple d i r e c t l y  with t h i s  one, inc luding  

sevora l  i n  r o u t i n e  use  l o c a l l y ,  as f o r  exposure c a l c u l a t i o n s  to t r e a t  

d e p l e t i o n .  

Input 

Other codes u s i n g  i h t i  



5. R e s t r i c t i o n s :  This code is  q u i t e  thoroughly vari-ably dimensioned. 

Generally the  l a r g e r  t h e  problem, t h e  more Iilput/Output r equ i r ed  

f o r  i t e r a t i o n .  One-dimensional problems have been solved t r e a t i n g  

thousands of  mesh po in t s  o r  more than one-hundred energy groups 

wi th in  a 50,000 short-word t o t a l  fast computer memory. 

6. Computer: This code has  been run on IBM computers inc luding  t h e  

360/91, t h e  360/75, and 360/195, and on t h e  CDC-7600 computer a f t e r  

t h e  r equ i r ed  conversion s t e p .  A s e p a r a t e  vers ion  is  expected t o  be 

made a v a i l a b l e  f o r  long-word, small Fast meiiiury computers having 

l a r g e  extended slow memories, 

7 .  Running Time: Running t i m e  i s  d i r e c t l y  r e l a t e d  t o  problem s ize  

and inve r se ly  propor t iona l  t o  some measure o f  c e n t r a l  p rocessor  and 

d a t a  t r a n s f e r  speeds.  The b a s i c  rake  o f  s o l u t i o n  o f  e igenvalue 

problems i s  about 500 space energy po in t s  pe r  second of  c e n t r a l  

p rocessor  t i m e  on an IBM 360/195; t h i s  r a t e  f a l l s  of f  approximately 

as (10/N) where N i s  t h e  average number of po in t s  i n  one 

dimension, less when t h e  amount of  d a t a  t r a n s f e r  i s  low, and more 

when it i s  h igh ,  except ing one-dimensional problems. Thermal 

r e a c t o r  l a t t i c e  and c e l l  problems normally r equ i r e  more time by 

perhaps a f a c t o r  of two. Problems involv ing  s i g n i f i c a n t  u p s c a t t e r  

(multi thermal-group t rea tment )  r e q u i r e  a d d i t i o n a l  computer time 

by a f a c t o r  of  about two, 

8. Programming Languages: The programming i s  b a s i c a l l y  i n  t h e  ASA 1966 

FORTRAN language except ing c e r t a i n  ex tens ions ,  e s p e c i a l l y  those  

requi red  f o r  unindexed, mixed type  block d a t a  t r a n s f e r s  and d i r e c t  

access  of  d a t a  by record  from d i s c .  Known l i m i t a t i o n s  of 

manufacturer ' s  cu r ren t  compilers a r e n o t  exceeded: f o r  example, a r r ays  

are I- imited t u  t h r e e  dimensions dummy arguments i n  subrout ines  t o  
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s i x t y ,  and subsc r ip t ed  s u b s c r i p t s  are n o t  used. Spec ia l  rou t ines  

are used f o r  c e r t a i n  func t ions  inc luding  memory a l l o c a t i o n ,  support  

o f  t h e  d a t a  t r a n s f e r  procedures and t o  make a v a i l a b l e  e lapsed 

computer time f o r  execut ing c e r t a i n  use r  op t ions ;  t h e s e  would 

r e q u i r e  replacement f o r  compa t ib i l i t y  with a d i f f e r e n t  ope ra t ing  

system. The source  deck c o n s i s t s  of about 40,000 statements (VENTURE 

proper), and the transmission package about 80,000. 

9. Operating System: The b a s i c  OS-360 IBMoperat ingsystemhas beenused 

underHASP andASPwith aFORTRAN I V ,  H l e v e l  compiler ve r s ion  21.6. 

Access c a p a b i l i t y o f  programs i n  t h e  modular sense  i s  e s s e n t i a l  t o  

use  t h e  system of codes.  

10. Machine Requirements: A 32,000 word core  i s  needed, and p re fe rab ly  

one much l a r g e r ;  a u x i l i a r y  s t o r a g e  of  t h e  d i s c  o r  drum type  i s  

e s s e n t i a l ,  p r e f e r a b l y s e v e r a l o n  d i f f e r e n t  d a t a  channels .  The 

programmingis included d a t a s t o r a g e  f o r  

e f f i c i e n t  use of  an extendedslowmemory f o r  l a r g e  three-dimensional  

problems whensuch a memory i s  a v a i l a b l e .  Typica l ly  t h e  code uses 

27 l o g i c a l  u n i t s .  

11. Authors:  D.  R .  Vondy 

T. B.  Fowler 

G . W. Cunningham 

Oak Ridge Nat ional  Laboratory 

P .  0. Box X 

Oak Ridge, Tennessee 37830 

1 2 .  References : a. D. R .  Vondy e t  a l . ,  "VENTURE: A Code Block f o r  

Solving Multigroup Neutronics Problems Applying 

t h e  F in i te -Dif fe rence  Diffusion-Theory Approxima- 

t i o n  t o  Neutron Transpor t ,  Version 1 1 , "  ERDA 

Report ,  ORNL-5062, r e v i s i o n  1 (1977). 
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E .  D.  R. Vondy et al., "A Computation Sys tem f o r  

Nilclear Reactor Core Analysis  ," ERL4 Report ,  

ORNL-5158 (1977) .  

c. G.  E .  Bosler  e t  a l . ,  "1,A SIP-111,  A Generalized 

Processor  f o r  Standard I n t e r f a c e  F i l e s , "  ERDA 

R e p o r t ,  LA-6280 MS (Apr i l  1976). 

d ,  n .  R. Vondy .-_I_ e t  al. , "Input  Data Requirements f o r  

S p e c i a l  Prosessors i n  the C o m p u t a t h n  System 

Containing the VENTURE Neutronics Code?" E'WA 

Report, ORNL-5229 ,  (1976) .  

e. D. R. Vondy -_ e t  a l S 9  "Reference T e s t  Problems f o r  

the VENTURE Neutronics  and Related Computer Codes," 

ERDA Report  OIQK/TM-5887 (1.977). 

13. Material Avail.aSbe: The package submitted t o  the Argonne Code 

Center inc ludes  For t ran  card image source decks f o r  a control. 

module, t h e  VENTURE neut ronies  code, a cross sec t ion  processor  

code, a r e a c t i o n  ra te  c a l c u l a t i o n  code, i npu t  data processors ,  a 

code systen d r i v e r  a controJ_ module, assembly language r o u t i n e s  

f o r  use on a compatible computer, and an i n p u t  d a t a  deck f o r  

s i x t e e n  sample problems p l u s  t h e  e d i t  from t h e  computer run  f o r  

t hese .  New modules will be added t o  the package as they can be 

made ava i la t~ le ,  inc luding  the RUWER e ~ p ~ s ~ r e  module. 
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GENERAL DISCUSSION 

The code block VENTURE i s  designed t o  so lve  mul t i -ne~ t ron -enc rgy-g rouy  

multi-dimensional neutronics probj  eiiis a T1-e finjte-differcncc difflls j.on or 

a simplc P, theory  approximation t o  neutron t r a n s p o r t  i s  appl ied .  Usual.  

eigenvalue problems may be solved t o  determine t h e  i i iult ipli  c a t i o n  f a c t o r  

and t h e  neutron f l u x  d i s t r i b u t i o n .  

Fixed source problems are t r e a t e d  and a v a r i e t y  o f  c r i t i c a l i t y  search  

problems. 

produced by op t ion .  

The a d j o i n t  problem may bc sa lved ,  

Pe r tu rba t ion  r e s u l t s  based on macroscopic cross s e c t i o n s  a r e  

Thecode t r e a t s  s c a t t e r i n g  from one energy group t o  any o t h e r ,  

i nc lud ing  u p s c a t t e r i n g ,  i n t e r n a l  black absorber  zones, and a v a r i e t y  of 

boundary condi t ions  inc luding  p e r i o d i c  and t h e  more import a n t  r o t a t i o n a l  

symmetry cond i t ions .  

The method o f  s o l u t i o n  implemented i s  an inne r ,  o u t e r  i t e r a t i o n  

process  with r a t h e r  involved a c c e l e r a t i o n  procedures.  

The loose - l ea f  form o f  t h i s  r e p o r t  with s e c t i o n s  i n  s h o r t  b locks  was 

chosen t o  f a c i l i t a t e  updat ing t o  account f o r  r e v i s i o n s .  

Back er o i n d  

Thc procedures  implemented i n  t h e  VENTURE code repTeSent a backgroiind 

of e f f o r t  which can be t r a c e d  back t o  t h e  l a t e  1 9 5 0 ' ~ ~  t o  t h c  work of  

M .  L.  Tobias and o t h e r s .  Over t h i s  per iod  of t i m e  a l a r g e  number o f  

problems have been solved i n  r o u t i n e  r e a c t o r  a n a l y s i s  e f f o r t  a t  OWL an3 

a t  o t h e r  i n s t a l l a t i o n s  by t h c  methods which were evolving during t h i s  

pe r iod .  It seems noteworthy t h a t  a l though t h e o r e t i c a l  cons ide ra t ions  have 

played a r o l e ,  t h i s  h a s  been pr i i i iar i ly  an engineer ing  development d i r e c t e d  

a 

See ORNL-4078 f o r  example. a 
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at economical solution of problems encountered in analysis. 

code programmed in this effort was  CITATION.^ 

The previous 

Many individuals have worked on developing and implementing procedures 

for solving diffusion theory neutronics problems, especially at the ERDA 

National Laboratories, but also in private companiesC and in other 

countries. \?e are aware of much of this W Q I - ~ ,  and acknowledge that 

published information and discussions wjth several individuals have made 

direct contributions to this effort. 

The Procedure of Calculation 

A flow chart for the code is presented in Fig. 001-1. This shows the 

general flow through the procedures of calculation. 

An inner, outer iteration scheme is used to solve problems. New flux 

values are calculated from finite-difference, neutron balance equations 

f o r  a row of points simultaneously, and each new value is driven in the 

direction of the change from the old value. This procedure is continued 

over the space problem at one energy; it is repeated for a number of  inner 

iterations, and the calculation proceeds t o  the next energy. At each 

energy the inscattering source and the fission source are determined. 

After a complete sweep of  the problem, the eigenvalue is estimated either 

from an overall neutron balance, summed neutron balance equations, or 

from the source ratio, and the calculation i s  continued to satisfy 

specified convergence criteria. For an indirect criticality search, an 

T. B. Fowler, D. R. Vondy, and G .  W. Cunningham, "Nuclear Reactor Core 
Analysis Code: CI'1'ATION," ORNL-'rM-2496, Revision 2, Oak Ridge National 
Laboratory (July 1971). 

a 

bSee WAPD-TM-678, RNWL-1264, ANL-7716, and LASL-4396. 

C See GA-6540. 
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L 

--Problem Setup, I n i t i a l  Access t o  I n t e r f a c e  D a t a F i l e s  

-- [Search Loop] 
--Macroscopic Cross-Section Calcula t ion  
--Equation Constants Calcu la t ion  

- - I n i t i a l i z a t i o n  Procedures 
--Required Scra tch  Data F i l e  Processing 

--Outer I t e r a t i o n  Loop 
- -F i s s ion  Source Calcu la t ion  

--Loop Over Energy Groups 
- - I n s c a t t e r  Source Calcu la t ion  (pay ~ 1 ) ~  

- - Inner  I t e r a t i o n  Loop 

--Line Overre laxa t ion  

--Chebyshev Accelera t ion  

--Eigenvalue Ca lcu la t ion  from a Neutron Balance 

--Edi t  I t e r a t i v e  Resul t s  
--[Direct Search Return t o  Upgrade Cross Sec t ions]  
--Convergence Test on Outer I t e r a t i o n  

-- [ I n d i r e c t  Search Return] 

--Return for  Residues Ca lcu la t ion  (onesweep o f e q u a t i o n s )  
--Write I n t e r f a c e  F i les  ( f lux ,  power dens i ty )  
- -Edi t  Resul t s  (neutron ba lance ,  f l u x ,  power dens i ty  

--[Update I n t e r f a c e  F i l e  f o r  Direct Nuclide 

--Succeeding Adjoint  Problem Return 

- -Per turba t ion  I n t e g r a l s ,  C Importance Maps 

neutron d e n s i t y )  

Concentrat ion Search] 

F i g .  001-1. User flow c h a r t ,  VENTURE f i n i t e - d i f f e r e n c e  d i f f u s i o n  
theory  neu t ron ic s  code block.  

%e insca t te r  sou rce  c a l c u l a t i o n  is normally done o u t s i d e  t h e  i n n e r  
i t e r a t i o n  loop;  however i n  one d a t a  handl ing  mode t h i s  source  i s  
c a l c u l a t e d  i n s i d e  t h e  i n n e r  i t e r a t i o n  loop t o  minimize d a t a  transfer.  
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add i t iona l  o u t e r  i t e r a t i v e  loop i s  requi red  t o  a d j u s t  t h e  des i r ed  

parameters ,  nuc l ide  concent ra t ions  o r  dimensions, t o  c f f c c t  a des i r ed  

s o l u t i o n .  

I[ t h e r e  i s  one main f c a t u r e  which s tdnds out  i n  the VkNTURE code, i t  

i s  t h e  d i r e c t  search  procedure.  A s  c a r r i e d  over  from t h e  CIrATION code, 

an i t e r a t i o n  procedure i s  implemented t o  move t h e  i t c r a t e  f l u x  esti i i iate 

di-rec t l y  toward a s o l u t i o n  by determining the eigenvalue of the problem 

when c e r t a i n  parametcrs a r e  ad jus t ed .  Perhaps only the 3 n d y s t  who has  

e x p r i e n c e d  the f r u s t r a t j  ons o f  and r e l a t i v e l y  high cos t  of ob ta in ing  

s o l u t i o n s  Ly i n d i r e c t  methods can f u l l y  apprec i a t e  t h e  u t i l i t y  of  t h i s  

d i r e c t  search  c a p a b i l i t y .  For a d i r e c t  c r i t i c a l i t y  search  problem, %he 

r e l a t i v e  buckliilg, r e c i p r o c a l  ve loc i ty  l o s s  term, o r  r e l a t i v e  change i n  t h e  

search  nuc l ide  concent ra t ions  i s  t r e a t e d  as tlie e igenvalue of  t h e  problem. 

No o u t e r  i t e r a t i o n  loop i s  r equ i r ed .  

The r a l cu la t io r i  o f  macroscopic c ros s  s e c t i o n s  , from t h c  nuc l ide  

densi t i e5  and inicroscopic c ros s  s e c t i o n s  and of  equat ion cons t an t s  i s  

done i n  tile head end o f  t he  code. 

r c t u r n s  are made to  t h i s  p a r t  o f  the program f o r  r e c a l c u l a t i o n  o f  t h i s  

dlacroscopic d a t a  t o  account f o r  t h e  e f f e c t s  froin adjustinents t o  t h e  

paraiiieters i n  a c r i t i c a l i t y  search  problem. To i n i t i a t e  a s x c e e d i n g  

a d j o i n t  problem which involves  no changes i n  t h e  parameters f o r  a r egu la r  

problem which has been solved,  t h c  d a t a  f o r  t h e  r egu la r  problem i s  simply 

reprocessed,  and t h e  procedure for  t h e  r e g u l a r  problcm i s  used. Subscyuent 

c a l c u l a t i o n s ,  as of  conversion r a t i o  and pe r tu rba t ion  i n t e g r a l s ,  are done 

us ing  t h e  macroscopic da ta  gencratcd i n i t i a l l y  without reaccess  of  t h e  

microscopic d a t a .  

As shown i n  t h e  flow c h a r t  o f  F i g .  001-1, 



001-5 

. __ ... 

A l t e r n a t i v e  Procedures and Large Problems -_._._̂ .I --I -_-__ 

The code conta ins  p a r a l l e l  procedures ,  d i f f e r e n t  ways 01 handl ing 

d a t a ,  ir ivolving varying amounts of d a t a  t r a n s f e r  hetween memory and 

a u x i l i a r y  s t o r a g e  wi th in  a f l e x i b l e ,  b a s i c  i t e r a t i v e  procedure.  

Automatic s e l e c t i o n  between t h e s e  al lows e f f e c t i v e  a p p l i c a t i o n  with 

d i f f e r e n t  computer hardware conf igu ra t ions  t o  so lvc  a v a r j  e t y  o f  problem 

s i z e s  with use  of a reasonable  amount o f  computer memory. 

modi f ica t ions  may wel l  be r equ i r ed  t o  most e f f e c t i v e l y  use  a par t icular  

f a c i l i t y ,  e s p e c i a l l y  i f  i t  has a h i e ra rchy  o f  a u x i l i a r y  s to rage  devices  

which have q u i t e  d i f f e r e n t  d a t a  t r a n s f e r  ra tes .  The riecessary changes 

should no t  be extremely hard t o  make i f  a p r e f e r r e d  s t r u c t u r i n g  can be 

i d e n t i f i e d .  

S t i l l ,  

The VFNTLJRE code r e p r e s e n t s  a cons iderable  ex tens ion  over  the 

CITATION code i n  t h e  s i ze  of  problems which may be t r e a t e d .  

po in t  one-dirnenslonal problems have been solved, and t h e  ex ten t  i n  t h e  

o t h e r  two dimensions i s  not  l i m i t e d .  However, s e l e c t i o n  o f  a p r a c t i c a l  

problem r e q u i r e s  cons ide ra t ion  of t h e  c o s t  of t h e  c a l c u l a t i o n  and 

j u s t i f i c a t i o n  of t h e  expendi ture  i n  computer t ime.  

v spec ia l ly  so t h e  IBM 360/91, t h e  e x t r a  c o s t  a s soc ia t ed  with the increased  

amount of  d a t a  InputlOutput r equ i r ed  t o  so lve  the l a r g e r  problems i s  

indeed s i g n i f i c a n t .  Also, adequate  on - l inc  a u x i l i a r y  s t o r a g e  j s  r equ i r ed  

f o r  a problem t o  be so lved ,  which inc reases  d i r e c t l y  wi th  t h e  number of 

space-energy p o i n t s  considered.  

O n e  thousand 

On many computers, 

Standard I n t e r f a c i n g  

This  code block was programmed s p e c i f i c a l l y  t o  ope ra t e  ( i n t e r f a c e )  

wi th  o t h e r  programs developed under r u l e s  e s t a b l i s h e d  i n  a coopera t ive  

e f f o r t  between s e v e r a l  i n s t a l l a t i o n s  an e f f o r t  sponsored by t h e  Reactor 
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Physics Branch o f  t h e  Divis ion of  Reactor Research and Development of  the 

Energy Research and Development Adminis t ra t ion.  For example, a l l  u se r  

input  d a t a  i s  processed by s e p a r a t e  code blocks.  This neut ronics  code 

block only i n t e r f a c e s  b inary  d a t a  f i l e s .  

s e c t i o n s  suppl ied  i n  a s tandard  i n t e r f a c e  format from any source;  o t h e r  

code blocks a r e  being programmed elsewhere t o  genera te  t h i s  d a t a ,  and y e t  

o t h e r s  t o  use  t h e  r e s u l t s  from t h e  neu t ron ic s  c a l c u l a t i o n .  This  coupl ing 

between major code blocks i s  e f f e c t e d  by sa t i s fy i -ng  hard i n t e r f a c e  d a t a  

f i l e  spec i f i - ca t ions .  

We b e l i e v e  t h i s  code block s a t i s f i e s  t h e  primary o b j e c t i v e  of  t h i s  

e f f o r t :  t o  develop a neut ronics  code which uses  and genera tes  i n t e r f a c e  

d a t a  f i l e s  having s tandard ized  formats;  one which can be converted from 

one computer t o  run on another  r e l a t i v e l y  e a s i l y  and permit e f f e c t i v e  and 

e f f i c i e n t  u t i l i z a t i o n  o f  computers having a v a r i e t y  of hardware 

conf igu ra t ions .  

I t  uses  microscopic c ros s  
a 

Programning I___.. 

'The programming i s  done i n  t h e  For t ran  language. Bas i ca l ly ,  ASA 1966 

s tandard  For t ran  as gene ra l ly  implemented was used with a few extens ions ;  

d a t a  a r e  t r a n s f e r r e d  i n  blocks of  mixed d a t a  type  and d i r e c t  access  i s  

used, f o r  example. Known l i m i t s  on t h e  major computers u s i n g  c u r r e n t  

manufacturer ' s  compilers have q u i t e  gene ra l ly  not  been exceeded. For  

example, t h e  maximum number of dimensions of  any v a r i a b l e  i s  t h r e e ,  t h e  

number of  arguments i n  subrout ine  s ta tements  i s  l imi t ed  t o  s i x t y ,  and 

s u b s c r i p t s  are no t  subsc r ip t ed .  Both short-and long-word s t o r a g e  o f  d a t a  

are used f o r  e f f e c t i v e  execut ion on IRM 360, 370 s e r i e s  computers (very 

low accuracy i s  a s soc ia t ed  with use of  s h o r t  words, s i n g l e  p r e c i s i o n ,  

Local ly  with t h e  AMPX Code Systems, OWL-TM-3706. a 
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ca r ry ing  less than  t h e  equivalence o f  seven s i g n i f i c a n t  decimal d i g i t s ) ,  

bu t  t h i s  was done i n  such a way t h a t  conversion t o  such a machine as a 

C D C - 7 6 0 0  should no t  be too  d i f f i c u l t  i f  t h e  comment i n s t r u c t i o n s  f o r  

t h i s  conversion included i n  t h i s  program are  followed. However, s p e c i a l  

l o c a l  system rou t ines  have been used t o  a l l o c a t e  memory, and t o  s e t  up 

d i r e c t  access  f i l e  s p e c i f i c a t i o n s  dynamically,  and t o  use t h e  system 

d a t a  t r a n s f e r  r o u t i n e s  d i r e c t l y  o u t s i d e  o f  For t ran .  Also, c e r t a i n  key 

subrout ines  have been w r i t t e n  i n  machine language (not e s s e n t i a l )  t o  

improve performance on t h e  l o c a l  computers. 

S t a t u s  

The VENTURE a n d  r e l a t e d  codes a r e  i n  r o u t i n e  product ion use 

l o c a l l y  and v i a  remote te rmina l  from o t h e r  i n s t a l l a t i o n s  as modules i n  

a l o c a l  computation system. Production use has con t r ibu ted  d i r e c t l y  

by information feedback t o  t h e  developed c a p a b i l i t y  and r e l i a b i l i t y .  

Some of  t h e  ind iv idua l s  involved i n  a p p l i c a t i o n  are E .  J .  Allen i n  t h e  

Energy Divis ion ,  Neutron Physics Divis ion S t a f f  members, S. C .  C r i c k  

a t  General Electr ic  (Sunnyvale), and D. Lancaster  a t  Westinghouse 

(Madison). Tes t ing  o f  an e a r l y  vers ion  of t h e  code a t  LnSL by 

G .  E .  Bosler and R .  D .  Q d e l l  on a C D C - 7 6 0 0  computer and by D .  E .  Ferguson 

a t  ANL made c o n t r i b u t i o n .  

a 

A major code block is gene ra l ly  no t  f r e e  o f  bugs, e s p e c i a l l y  when 

S t i l l  we have complicated opt ions  tend t o  have overlapping c o n t r o l .  

used an unusual ly  l a r g e  number of  test  problems f o r  which r e l i a b l e  

s o l u t i o n s  are a v a i l a b l e .  This t e s t i n g  gives  us confidence t h a t  most 

problems w i l l  be proper ly  so lved .  P a r t  o f  t h i s  confidence comes from 

__ 

QRNL-5158. a 
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the na tu re  of t h e  e f f o r t ,  a s t r a igh t Io rward  ex tens ion  of c a p a b i l i t y  which 

has had wide a p p l i c a t i o n  on a product ion b a s i s  . 

This document p re sen t s  b a s i c  information about t h e  code inc luding  

desc r ip t ions  of the  procedures and iiiatliematical equat ions.  Cc r t a in  

m d u l e s  used wi th  t h i s  code a r e  d iscusscd  i n  t h e  appendices.  

Requirements f o r  input  d a t a  p o c e s s o r s  a r e  documented elsewhere.  a , b  

END OF SECTION 

______l___.-.-- 
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COMPUTER KEOIIIREMENTS 

I n  t h e  follGiwing d iscuss ion ,  informa.t.ion i s  presented  which rnay be 

needed by a. Li5e.r f o r  e f f e c t i v e  app l i ca t ion  o f  t h e  code. 

f i l e s  must be made a v a i l a b l e ,  and t h e r e  m u s t  be adequate space a l l o c a t e d  

on each logical .  a m i t  f o r  t h e  d a t a  c a r r i e d  on i t .  Much of the use r  burden 

regard ing  a l l o c a t i o n  o f  space i s  relieved by use of  a r e fe rence  ca t a log  

procedure a v a i l a b l e  t o  t h e  operating syst.eni; however, e s p e c i a l l y  :for 

so lv ing  l a r g e  probleiiis, i t  w i l l  be necessary t o  change the a l loca t ions  

by overr idi .ng those  provided.  The code i s  used as a loaded module which 

cannot be a l t e r e d  by a user,  s a t i s f y i n g  bas i.c q u a l i t y  ass~arance reqt.ii.s:e- 

nrents of a l a r g e  u s e r  comnrunkty 

'She requi red  

The 'JENNTIXE code b1oc.k is a module f o r  s o l v i n g  neutron t r a n s p o r t  

problems hy application o f  dj.ffusi.on theory.  I t  i s  :;tructured for ti:iC; i n  

a wnodeilar code system; o t h e r  rnc~dules which S E : T V ~  t h e  same r o l e  may p a r a l l e l  

i t .  i n  a system. The code does n o t  read  user input  ca rds .  Dat.a i t  requires 

i nus t  he  avai1.abl.e i n  b ina ry  i-nterface da ta  f i l e s .  Resu1t.s from t h e  code 

a r e  placed on other i n t e r f a c e  da t a  fi.1.es on deiiaand for sailssequent use, 

'I'11.e code conta.ins r o u t i n e s  t o  produce e labora te  e d i t s  o f  . results on. derrianti 

and always edi.t.5 key r e s u l t s .  

Local ly  t h e  code i s  used under a r e s i d e n t  d r i v e r  a i d  a primary con t ro l  

a module as d iscussed  i n  another  r e p o r t .  

load module forin inco rpora t ing  an ove r l ay  s t r~ieturf : ,  assembled. The codes 

i n  this system are a v a i l a b l e  on d i s c  whi.ch may OF may n o t  be on - l ine .  A 

c a t a l o g  procedure s t o r e d  on di.sc con ta ins  basic job  con t ro l  i n s t r u c t i o n s  

The code i s  p laced  i.n executab le  

ORNL-5158. a 
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w i t h  p rovis ion  f o r  changing t h e  space a l l o c a t i o n s  and d a t a  blocking 

f a c t o r s .  Changes t o  t h e  program, t o  t h e  For t ran  language compiler 

i n s t r u c t i o n s ,  cannot be done simply because re loading  i s  necessary  and 

a r e  not  allowed by the  use r  conmunity. 'The code i s  used on a product ion 

b a s i s  l o c a l l y  and remotely from o t h e r  i n s t a l l a t i o n s  v i a  remote te rmina l .  

Therefore ,  modi f i c a t i o n s  must be c a r e f u l l y  assessed  and proofed p r i o r  t o  

general  u se ,  and ongoing a n a l y s i s  e f f o r t  no t  d i s rup ted .  

Other computation modules a r e  i n  use i n  t h i s  system. 'These inc lude  

a c ros s  s e c t i o n  processor ,  a code t o  produce r e a c t i o n  rates and r e l a t e d  

r e s u l t s ,  and an exposure module. Spec ia l  i npu t  d a t a  processors  are a l s o  

i n  use which genera te  d a t a  f i l e s .  N e w  modules will be phased i n t o  t h e  

system as they become developed and adequately t e s t e d  t o  a s s u r e  r e l i a b l e  

app l i ca t ion .  

Machine Time Requirements __I ... and .. . . . . .. . .. Charging ..- 

O f  primary concern here  a r e  c e n t r a l  p rocessor  (cp) t ime,  c lock time, 

and cos t ing .  Clock t i m e  i s  q u i t e  dependent on what tasks a r e  being 

performed; i t  inc reases  with t h e  number o f  Input/Output ope ra t ions  

performed during any t a s k ,  execut ion o f  a job ,  o r  computation. I f  a 

large f r a c t i o n  o f  t h e  memory a v a i l a b l e  f o r  computation i s  used by a job ,  

then t h e  mul t i t a sk ing  system cannot e f f e c t i v e l y  over lap  c a l c u l a t i o n  and 

d a t a t ran  s f e r  . 
A r e fe rence  r a t e  of  fast  r e a c t o r  problem s o l u t i o n  i s  500 space-energy 

p o i n t s  p e r  second IBM-360/195 c e n t r a l  p rocessor  t ime. This  ra te  f a l l s  o f f  

approximately as (10/N) 
0 . 7  

where N i s  t h e  average numbcr o f  p o i n t s  i n  one 

diinension, less when t h e  aiiiount of  d a t a  t r a n s f e r  i s  low and more when i t  

i s  high,  except ing one-dimensional probleins. Ce r t a in  types  of  problems 

r e q u i r e  more t imc,  e s p e c i a l l y  when u p s c a t t e r i n g  i s  t r e a t e d  o r  t h e  problem 

i s  f o r  a l a r g e  thermal r e a c t o r  o r  a ce l l  with r e f l e c t i n g  boundaries .  
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Re la t ive  processor  t ime f o r  t h e  IBM-360/91 i s  about twice  t h a t  f o r  t h e  

... ..... 

/195. Clock t i m e  i s  t h r e e  t o  s i x  times t h e  processor  t i m e  when a job  i s  

run i n  t h e  mul t i t a sk ing  mode us ing  less than  h a l f  t h e  computer memory. 

Memory Rmuirements 

Memory requirements f o r  t h e  code block are d iscussed  here .  Separa te  

s t o r a g e  i s  r equ i r ed  t o  s a t i s f y  f o u r  requirements:  

1. Program (machine i n s t r u c t i o n s  and v a r i a b l e s  no t  v a r i a b l y  

dimensioned) -The  s to rage  i s  minimized by an e f f e c t i v e  over lay  scheme. 

2 .  Library  Routines -These  are provided by the  system and range 

from a r i t h m e t i c  func t ions  t o  t h e  d a t a  Input/Output package. 

3 .  Buffer Area I - T h i s  s to rage  i s  r equ i r ed  i n  most modes of d a t a  

t r a n s f e r  t o  a l low block t r a n s f e r .  Careful  a l l o c a t i o n  of  t h e  b u f f e r  

s t o r a g e  i s  important f o r  e f f e c t i v e  machine u t i l i z a t i o n .  The b e s t  a l l o c a -  

t i o n  depends on t h e  problem and t h e  a v a i l a b l e  f a c i l i t y ,  so  experience must 

be a guide t o  reasonable  a l l o c a t i o n .  General ly ,  t h e  l a r g e r  t h e  problem, 

t h e  more d a t a  which must be t r ansmi t t ed  and t h e  l a r g e r  t h e  b u f f e r s  

r equ i r ed .  

t h e  mode of  d a t a  handl ing dur ing  i t e r a t i o n ,  t h e  performance can beexpec ted  

However, i f  a l a r g e  a l l o c a t i o n  o f  b u f f e r s  causes  degrading of 

t o  be degraded. A s p e c i a l  s i t u a t i o n  e x i s t s  when extended slow memory i s  

used f o r  b u f f e r  s t o r a g e  of d a t a  being t r a n s f e r r e d  r e q u i r i n g  cons idera t ion .  

The main s c r a t c h  f i l e s  are used i n  a d i r e c t  access mode wi th  automatic  

a l l o c a t i o n  o f  b u f f e r  s i z e .  

4. Variably Dimensioned Data -Most d a t a  a r r a y s  i n  t h e  code a r e  

v a r i a b l y  dimensioned. The r equ i r ed  memory size depends on an involved 

combination of t h e  primary v a r i a b l e s  of a problem, t h e  op t ions  exerc ised ,  

and t h e  mode o f  d a t a  handl ing au tomat ica l ly  s e l e c t e d .  
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There a r c  s i x  d a t a  handl ing modes programmed [scc Sect jon 2 2 5 ) ;  t h e  

onc used by the code deperids on t h e  problem and the  a v a i l a b l e  memory. 

Additional. c a p a b i l i t y  i s  automated t o  reduce t h e  amount of  Clara 

transfer automatically when niemory space permits as t o  d e f a u l t  serlitch 

d a t a  f i l e s  t o  reside in n i e m o r v .  

Ihe code e d i t s  a t a b l e  o f  d a t a  s to rage  requiremcnts f o r  a l l  t h e  

app l i cab le  da ta  handling iriodes when a j o b  i s  executed, and autoiiiatical l y  

s e l e c t s  t h a t  mode involving t h e  l c a s t  amount o f  d a t a  Tnput /Outputunless  

overr idden hy use r  c o n t r o l .  Also e d i t e d  are  d a t a  f i l e  s to rage  r equ i r e -  

ments which p resen t s  some of  t h e  informatjon r e q u i r e d  i n  t'rle j o b  c o n t r o l  

i n s t r u c t i o n s .  

l3asi.c Requirements ............ ( I R M  s h o r t  word, 4--byte) 

Program 30,000 

Library Routines 8 > 200 

Buffer Area 5,000-30,000 

M i n i m r i m  Data 5 000 

When operated under a r e s i d e n t  assembly language d r i v e r ,  about 6,000 

addi t ional ,  words of  memory art: reqwi r ed .  

Auxi l ia ry  ................ Storage .- ._ ... 

In  so lv ing  a l a r g e  problem, t h i s  code may wel l  t a x  a v a i l a b l e  

capabi l i ty -  f o r  fas t  access  s to rage .  

problem r e q u i r e s  5 X I O 6  short-word ( 2 . 5  x l o 6  long-word) s to rage  f o r  one 

se t  of  t h e  f l u x  va lues .  Not only must t h r e e  s e t s  of  these be s t o r e d ,  b u t  

a l s o  t h e  equat ion cons tan ts  requi-r ing about fou r  t imes as much space as 

one s e t  of  f l u x  va lues .  This  s torage space must be ava i lah l .e ,  gene ra l ly  

on d i s c  u n i t s ,  p re fe rab ly  separa ted  between con t ro l  channels f o r  e f f i c i e n t  

A 2.5 X l o 6  space-energy po in t  
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d a t a  t r a n s f e r .  

d a t a  must span two o r  more su r faces .  Detai.1.s of  the f i l es  are djscusseil 

i n  Sec t ion  204. 

When one d i s c  s u r f a c e  i s  inadequate  t o  hold a f i l e ,  the 

To e x e r c i s e  con t ro l  over t h e  i n t e r f a c e  d a t a  F i l e s ,  a user  mi~st have 

information about these; r e f e r  t o  Sec t ion  204 and t o  t h e  computation 

system documentation, O ~ ~ L - 5 1 . 5 8  e 

END OF SECTION 
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PROGRAMMING INFORMATION 

- . .  

In the following sections, the information needed for a comprehensive 

understanding of the program is presented. 

at the programmer making modification to the code or converting it from 

one computer to another, and is intended only t o  supplement the source 

deck FORTRAN listing which contains informative comments. Primary data 

arrays are defined on comment lines and conversion notes are included. 

This information is directed 

The source language is FORTRAN, primarily the standard ASA 1966 

FORTRAN. 

indexing in the guise of the REAL type, and the direct access mode of 

data transfer is used. Local system routines are used to allocate memory 

and to define the direct access files and access parameters dynamically, 

and also to obtain time and computer model; the functions of  these 

routines would have to be satisfied or the requirements and associated 

capability bypassed. 

language to reduce computation time on IBM-360, 370 model machines. 

However, block transfer of data of mixed type is done without 

Certain key routines are also available in assembly 

END OF SECTION 

- .  
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F I G U R E  201-1 I VENTURE S U B R O U T I N E S .  

T E E  ACCESS, CONTROL, A N D  GENERAL PURPOSE ROUTINES 
-- -_I-- ----- -- --I--- ------ 
HAT I 

ION0 
V E N T  

D R I  V 

B I F  P 

COR E 

COR I 

DAS ?J 

E A S U  

T I E E A  
STO w 
S R E  B 
PER R 
KEEP 

ENTRY P O I N T  T O  THE VENTURE ISEUTRONICS CODE BLOCK 
CALLS E R R S E T ,  T I F I E B ,  DOPC,  PONO, VENT, D R I V  

A S S I G N S  I N P Q T / O U T P U T  U N I T  NIIHBERS 
A C C E S S E S  CODE BLOCK CONTROL INBORfi  ATION 

PASSES I N P O R B B T T O N  TO THE CONTROLLER ROUTINE 
ALLOCATES CORE STORAGE 

CONTEQLS THE C A L C U L A T I O N  

C A L L S  S K E R ,  F E R R  

C A L L S  GETCOB,  R O X X ,  R O X P ,  D I P P ,  DOPC, FRECOR 

CALLS CORE, ClbC1,  CON1,  PEPA, ORLX, COMC, LCAL, PEXR, 

DIMS. A J D S ,  F L R D ,  A D N l ,  EDIT, S A V l ,  PERT, JERT,  
F E R R ,  T T B E R  

FXSR, BSQV, A J N T ,  PROS, DOPC, OUTR, DSDP, D C I B ,  

D E T E R B I N E S  STOBAGE REQULREMENTS A N D  DATA HANDLS 
CALLS C O R I ,  COBP, GNAB, CORD, C O R B ,  D D S P ,  

JPRT, F E R R  
OBTAIN PILE S P E C I F I C A T I O N  RECORD F R O B  I N T E R F A C E  F I L E S  N D X S R F I  
ZNBTDN, GRUPXS,  kND GEODST 

SETWP D I R E C T  ACCESS PILES 

S E T U P  D I R E C T  ACCESS PILES. 

SERVICE R O U T I N E  F O R  GORPOTER TIME ETC. 
SERVICE ROUT1 B O V I N G  DATA IN MAXN HBEClBBP 
FILE HANAGE14ENT R E L B T E D  ERROR MESSAGES 
A L L  OTHER FATAL ERROR EESSAGES 
BBPIBBY SUBROUTINE USED TO OOTPOX THE O P T I W I Z I N G  C O H P I L E B  

CALLS SKER 

CALLS DOPC, F E R R  

C A L L S  DOPC, PEBR 

DQB C 

BIT E 

SEEK 

C A I T  

I N I T I A L I Z E S ,  OPENS, AND CLOSES DATA F I L E S  
EHTRP BOXP C O H f l f f N I C A T E S  DATA A R R A Y S  

S SEEK, RITE,  D E F I L E ,  CLOSDR, (PBSA 
S P E B  MANAGER AND WRITES DATA ( P O B T R  

C A L L E D  BY EQST R O U T I N E S  
P REED READS DATA (FORTRAN READ) - C A L L E D  BY HOST 

&TES D A T A  ARRAYS 
(PBSAN &ND ENTRIES) 

PNTERBACB DATA F I L E S   ANA AGE^ 

ASSERBLY LANGUAGE BOOTINE FOR COEE TO EXTENDED CORE DATA 
TRANSFER (SEE SECTION 2 0 3  FOR THE FORTRBIN E Q U I V A L E  

EITIGY CRED EXTENDED CORE T O  C O R E  DATA T R A N S F E R  

CALLS R I T E ,  REED 

(COBT) 
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D E F I L E  ASSERBLY LANGUAGE R O U T I N E  TO E X E C U T E  T H E  FORTRAN D E F I N E  F I L E  
STATEMENT U S I N G  P R O B L E B  DEPENDENT V A R I A B L E S  ( O P E N S  D I B E C T  
A C C E S S  F I L E S )  - A C C E S S E S  S Y S T E M  R O U T I N E  I H C E D I O S  

C L O S D A  ASSEMBLY LANGUAGE R O U T I N E  TO C L O S E  D I R E C T  A C C E S S  F I L E S  
P B S A H  LOCAL I / O  R O U T I N E  USED ALONG WITH T H E  I B M  I/O PACKAGE TO 

PRODUCE S P E C I A L  C A P A B I L I T Y  

RAC 1 

BACA 

HAC B 
H A C 2  
S C A  L 
H A C 3  
MAC5 
CHD M 

HAC& 
HAC 6 

CONT ROLS R AC RO SCO P I C  C R O S S  S E C T I O N  C A L C U L A T I O N  
CALLS HACA, MACB. B A C 2 ,  S C A L ,  HAC3, HAC5,  C H P B ,  RACY, 

B A C 6 ,  S K E R ,  P E R R  
I N I T I A L  P R O C E S S I N G  OF GRUPXS 

CHECK NAHES A N D  C L A S S E S  ON N D X S R P  A N D  GRUPXS F O R  AGREEMENT 
CALCULATE MACROSCOPIC P R I N C I P A L  C R O S S  S E C T I O N S  
L O C A T E S  P O S I T I O N  O F  S C A T T E R I N G  RECORDS ON G R U P X S  
CALCULATE MACBOSCO P I C  S C A T T E R I N G  C R O S S  S E C T I O N S  
A D J U S T  D I F F U S I O N  CONSTANT A N D  S C A T T E R I N G  DATA FOR P1 CALC. 
CHECK D I H E N S I O N  S E A R C H  D&TA 

CALCULATE MACROSCOPIC SEARCH DATA 
E D I T  MACROSCOPTC C R O S S  S E C T I O N S  

C A L L S  S T O R  

C A L L S  S K E R  

CON 1 

H S H O  
NRC F 
MSH 1 
CON 2 
GEO Q 
CON 3 

MSH 3 
C K C T  
CON 4 

CON 5 

CON 7 

CON 9 

NROD 
B N D P  

CO NT ROLS EQU AT I O N  CON STA NT S C A L C U L A T I O N  
C A L L S  BSHO,  N R C F ,  MSHl, CON2,  GEOQ, C O N 3 ,  MSH3, CKCT,  

COF14. C O N S ,  C O N 7 ,  CON9,  S T O R ,  S K E R ,  PERR 
S E T U P  COARSE HESH P A R A R E T E R S  FOR 1D AND 2D C A S E S  
CONVERT R E G I O N  A S S I G N M E N T S  BY C O A R S E  NESA TO FINE MESH 
CALCULATE P I N E  H E S H  D I S T A N C E S  
S E T U P  BOUNDARY C O N S T A N T S  A N D  B U C K L I N G  
CHANGE F R O B  3 D  TO 2D C A S E  
R E S T R U C T U R E  N A C R O S C O P I C  DATA A N D  ZERO ROD CROSS S E C T I O N S  

E D I T  F I N E  HESH D I S T A N C E S  
S E T U P  I N D E X I N G  FOR D I F F U S I O N  C O N S T A N T S  
C A L C U L A T E S  LEAKAGE C O N S T A N T S  

C A L C U L A T E S  LEAKAGE CONSTANTS ( T R I A G O N A L )  

C A L C U L A T E S  LEAKAGE CONSTANTS (HEXAGONAL) 

C A L L S  NROD, S T O R  

C A L L S  NROD, BNDY 

C A L L S  NROD, BNDY 

C U L S  NROD, BNDY 
CALCULATE ZONE VOLUMES FROM REGION v o L u n E s  AND DETERMINE Z O N E  
WITH B A X I H U M  NU*SIGF*VOL 

F U N C T I O N  T O  D E T E R M I N E  I N T E R N A L  BLACK ABSORBER ZONES 
F U H C T I O N  T O  CALCULATE NON-RETURN LEAKAGE CONSTANT 

C A L L S  NROD 

(CO NT) 
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0 H i . X  

O B L  3 

O H L  B 

O R L C  

O B L  n 

ORLE 

031.7 

EF.TE 

PHI P, 

PHI I 

PHI 7 

E D B l  
SDBR 
PHI. 3 

!?HI 4 
PHI 5 
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PHI6 3D P L O X  EXPWNSZON 

GRXP GROUP E X P A P S I O N  
P AH T X I A N G U L A R  E X P A N S I O N  ON PLANES 
P A N 2  ~ X ~ ~ N G U L ~ ~  E X P A N S I O N  BETW%EN PLANES 
PBND F U N C T I O N  TO D E T E R H I H E  a R T I F I C I B L  FLUX P O I N T  
P C 2 D  F U N C T I O N  TO D E T E R B I N E  ARTTFPCXAL CORNER POINT - 2 0  
P C 3 D  FUNCTION TO D E T E R M I N E  A B T Z F I C I A L  C O B N E B  POINT - 3D 

CALLS DBND, PC2D, P C 3 D  

CALLS PC2D 

collie 
LCA L 

FLX R 
FXSR 

R S Q  v 
WJNT 

Z I O 3  
PEF s 
D S D F  
DCI B 
DX.wS 
ADJS 

3IH 1 
D I M  2 

DIM3 

Z V R V  
PLfED 

CHE s 
C R G V  

CNQL 
FLMH 
OUTR 

BALC 
ZINS 
CHBF 

U T I L I T Y  R O U T I N E  
CALCllLATES STARTING BDDBESSES I N  D A T A  A R R A Y  

CALLS FERR 
O B T A I N E S  L N X T I B L  FLUX 
O B T A I N S  R PXXED S O U R C E  

CALLS SKER 
SEARCH CALCULATIDB UTILITY R O U T I N E  
SETS DP TNPUT/O?JTPUT P I L E S  FOB THE A D J O T N T  PROEEER 

PROCESSES SCATTERING DATA FOB. ADJOEHT PROBLEM 
S E T S  OP IPrpUTJOWTPUT F I L E S  

CALLS R E V 1  

CBZLS z m 3 ,  FEFS 
PROCESSES P R I N c I P a L  CROSS SECTIONS 

cowwx.s S E A R C H  CALCULATION EXIT O P T X O ~ ~ S  

SETS SNITIIIL F L U X  TO F I X E D  SOURCE WHEN F I X E D  S O U R C E  LT 0 
C A L C U L A T E S  IHDKRECT NUCLIDE SEARCH C H A N G E  E I G E N V A L U E  

CALCBLATES DIiMENSIOtd SEARCH C H A N G E  FACTOR 
CONTIGOLS D I M E N S I O E J  SEARCH CHRNGES 

R E A D S  C O A R S E  B E S H  M O D I F I E R S  PROH S E A R C B  I N T E R F A C E  PEL& 
CONTROTS C O A R S E  MESH A N D  YOLUBE CHAHGES - WRITES 

CALLS CiMES, C R G V  
CONTROLS C H A N G E  Z O N E  B O L U H E S  - WRITES NEW NDXSRF THTEBFACE 

CALLS Z V R V  
CHlPNGES ZONE VOL?JMES 
BEWDS GEODST FOR F I N A L  EDTT OF MESH .- D I B E N S I O N  SEABCH 

CALLS BLWH 

C A L L S  D I M 1 ,  a r a 2 ,  P I N 3  

N G E S  COURSE HESW 
CALCULATE REGTQN VOLS PROM POINT VOLS 

C H A N G E S  REGPON VOLUPINS 
E D I T S  F I N A L  HESH - DPHENSIQCS SEARCH 
O U T E R  I T E R A T I O N  CONTRQLLER 

CALLS CHVL 

CALLS D O I N ,  Z I N S @  P S O R ,  SSOE1, F L U X ,  B S O R ,  JOSB, BALC, XTWP 
, WRES, RIBES, PREC, H U E X ,  CHEV, E T R I ,  ETB2 , A T E D ,  SGDAR,  FERR 

NEUTRON B A L A N C E  C A L C U L A T I O N  
CALCOLATES THE D I R E C T  S E A R C H  PROBLEH EIGENVALUE 
C H E B  Y S  HEV ACCELERA Tra M ROUTIN E 

... 
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CBEV 
R B A B  
LTR s 
H T R P  

BHAV 
JUS B 
ATED 
P P G G  
R D U E  
R E L X  
OEL x 
NEUB 
FSOR 

SSO R 

PSO R 

FLU x 

PlYBEX 
ETR 1 
ETR 2 
SGDA 
DO1 1 
R R E  5 
WRES 
P R E C  
ADW I 

A D N  2 
A D N 3  

IIR 4 

LOU 9 
FOU 1 
sou 1 
POU 0 
LEK 1 

INR2 

FQU 2 
LOU 2 
sou 2 
POU 2 
LEK 2 

CHEBYSBEV ACCELERATION R O U T I N E  
CALCULATES ROD A B S O R P T I O N S  
CALCULATES IN-LEAKAGE FOR T R E A N G U L I R  GEOMETRY 
A S S E S S E S  FLUX CONVERGENCE 

C A L C U L A T E S  I T E R A T I V E  CONVERGENCE BARANETERS 
OVER RELAXATION COE F B I C I E N T  CONTROL 
E D I T S  I T E R A T I O N  D A T A  
CALCULATES FLUX E X T R A P O L A T I O N  FACTORS 
R E S I D U E  E S T 1  RATE O P  THE H U L T I P L I C A T I O M  FACTOB 

CALLS PFGG, B H A V  

SOLVES FOB THE FLUX VALUES A L O N G  A ROW AND OVERRELAXES THEM 
SOLVES FOR THE FLUX VALUES ALONG A ROR NO OVERRELAXATION 
CWLCOLA'IES NEW OVERRELAXATION F A C T O R S  
FISSION SOURCE C A L C U L A T I O N  CONTROLLER 

C A L L S  FOOl, FOU2, F O U 3 ,  FOUU, F O U 5 ,  FOU6 

CALLS sanl,  S o U 2 ,  5003, S O U 4 ,  SOIT5, SOU6 

CALLS P O O 1 ,  POU2,  P O U 3 ,  POUQ, P Q U 5  

C A L L S  IMRl, INR2, I N R 3 ,  1 B4, INR5, I N R 6 ,  INRX,  BNAV 

SCATTERING S O U R C E  CALCULATION C a w m L  

P-1 SCATTERIMG SOURCE C A L C U L A T I O N  CUNTROL 

I N N E R  I T E R A T I O N  CONTROL 

EXTBAPOLATIBW PABA BETER P R O C E S S I N G  
STHGLE ERROR PIODE FLUX E X T R A P O L A T I O N  
DOUBLE EElROR MODE FLUX E X T R A P O L A T I O N  
S A V E S  A N D  IRET'RIVES DATA D U R I N G  D I R E C T  N U C L I D E  SEARCH 
FLUX CALCULATION U T I L I T Y  R O U T I N E  
BEADS RESTaRT P I L E  
WRITES RESTART F I L E  
CALCULATES O N E - D I M E N S I O N A L  SWEEP PARARETERS 
CONTRCLLER FOR UPDATING A T O B I C  D E N S I T I E S  

C A L L S  A D 8 2 ,  BDN3, FEWB, SKER 

INlEW 3CTEWATIOW CONTROL ( 1  ROW S T O R E D  MODE) 

I # - L  E IL KA G E C AL CW L A TIC ON 
FISS 10 I SOURCE C A L C U L A T I O N  
SCBTTEBHNG SOURCE CALCULATION 
P - l  S C A T T E R I N G  S O U R C E  C A L C U L I T I U N  
O fJ T- L E AK AG E C W LC U L h T I ON 

CALLS LOI11, RDUE, RELX,  L E K l ,  CHE Q E L X ,  NEWB 

I N N E R  I T E R A T I O N  CQ TROE ( A L L  D&TA STORED RODE] 

F'ISSIOI SOORCE CALC?JLATIQN 
I PI-L E A RAGE 6: ALCBLA T I  0 N 
S C  ATTEBI 16 SOU RCE C ALCUL AT ION 
P-1 S C A T T E R I N G  SOURCE C A L C U L A T I O N  
OUT- L E AK AG E C A LCU I ATIUH 

C A L L S  L O O 2 ,  WDUE, R E L X ,  L E K 2 ,  CBEV,  RDAB, OELX, NEWB 

I N N E R  I T E R A T I O N  CONTROL ( S P A C E  PBOBLEB D&Tb STORED ZIODE) 
C A L L S  LOU3, RDBE, B E L X ,  LEK3, CBEV,  LTRG,  RDAB, OELX, NEWB 

(CONT) 
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LOU 3 
F O U 3  
SOU 3 
POU 3 
L E K 3  
I N R 4  

LOU 4 
L T R G  
FOU Q 
SOU4 
sou x 
POU 4 
L E K 4  
J 1 C 4  
Q D U  E 

Q E L X  

118s 

LOU 5 
FOU s 
sou 5 
POU 5 
J 1 C 5  
LEK 5 

I N R 6  

FOU 6 
SOU6 
DEL X 

I N R X  

LOU x 
FOCI X 
S O U Y  
S O U 2  
POU x 
LEKX 
J 1 C X  

I N-L E A KA GE C AL CU L A T I O N  
FISSION SOURCE C A L C U L A T I O N  
S C  A T I  E B I  NG SOURCE C A L C U L A T I O N  
P-1 S C A T T E R I N G  S O U R C E  C A L C U L A T I O N  
OUT-LEAKAGE C A L C U L A T I O N  
I N N E R  I T E R A T I O N  CONTROL ( H U L T I P L E  P L A N E  DATA S T O R E D  BODE) 

C A L L S  LOUY, QDUE, Q E L X ,  L E K Y ,  SOOX, J l C 4 ,  CHEV, LTRG,  RDAB 
NEWB 

I N - L  EA KAGE C A L C U L A T I O N  
S P E C I A L  I N - L E A K k G E  C A L C U L A T I O N  FOR TRANGULAB GEOBETRY 
F I S S I O N  SOURCE C A L C U L A T I O N  
S C A T T E R I N G  S O U R C E  C A L C U L A T I O N  
S C A T T E R I H G  S O U R C E  C A L C U L A T I O N  
P-1 S C A T T E R I N G  S O U R C E  C A L C U L A T I O N  
OUT-LEAKAGE C A L C U L A T I O N  
DEL D O T  J C A L C U L A T I O N  
A C C E S S E S  R E S I D U E  C A L C U L A T I O N  

A C C E S S E S  FLUX C A L C U L A T I O N  
C A L L S  RDUE 

C A L L S  R E L X ,  O E L X  

I N N E R  I T E R A T I O N  COMTBOL (MULTI-BOW S T O R E D  BODE) 

I N-L E A KA GE C AL CULA T I  0 N 
FISSION SOUBCE C A L C U L A T I O N  
S C A T T E R I N G  SOURCE C A L C U L A T I O N  
P-1 S C A T T E R I N G  S O U R C E  C A L C U L A T I O N  
DEL D O T  J C A L C U L A T I O N  
OUT-LEAK AGE C A L C U L A T I O N  

C A L L S  LOUS,  RDUE, RELX,  L E K S ,  J1C5, CHEV,  OELX, NEWB 

C Q B T R C L L E R  R O U T I N E  F O R  T H E  S P E C I A L  O N E - D I M E N S I O N A L  PROCEDURE 

F I S S I O N  SOURCE C A L C U L A T I O N  
S C A T T E R I N G  S O U R C E  C A L C U L A T I O N  
L I N E  RELAXATION HXTHOUT OVERRELAXATION 

C A L L S  C H E V  

I N N E R  I T E R A T I O N  CONTROL ( M U L T I - L E V E L  DATA T R A N S F E R  RODE) 
C A L L S  LOUX, RDUE, RELX, LEKX, SOUZ, JlCX, CHEV, BDAB, OELX 

NEUB 
IN-LEAKAGE C A L C U L A T I O N  
F I S S I O N  SOURCE C A L C U L A T I O N  
S C A T T E R I N G  S O U R C E  C A L C U L A T I O N  
S C A T T E B I N G  SOURCE C A L C U L A T I O N  
P-1 S C A T T E R f N G  S O U R C E  C A L C U L A T I O N  
00 T- LEAK AGE CA LCU L A T 1  ON 
DEL DCT J C A L C U L A T I O N  

E D I T  CONTROLS E D I T S  

C O R P  E D I T  EROBLER D E S C R I P T I O N  
C A L L S  NBAL, PNDN, PLXW, P E R T ,  BSQS, FISS,  J I N T I P T V L .  PTZF 

(CON T) 

... 
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E D T T  GFOP1ZTRB AND CHECK F O B  V A L I D I T Y  
E D I T  C.Uc3R P R O B L E E  P A R a N E T E R S  
CACCOT, RTES PEHTUH F b \ T I O N  S'I'UHAC E R E Q U  I R E R E N T S  
E D I T  E O U N D A W Y  I N D 1 C F T C ) R S  A N D  CHECK FOB Y B L I D I T Y  
E D I T  S Y R 3 0 L i C  PARAkeETERS FOR DISK S P A C E  (IBH 360 J C L )  
CALCUE>4TES A N D  EDITS ADJOINT ZONE FLUX R E S U L T S  
P R l N T S  FLUX, POWER D E N S I T Y ,  N E U T R O N  DENSITY 
PRIK' I5  NEUTRON B A L A R C E  

CBLLS SOBI. ,  CjKF'B 
C'ALCDbaTES N E I J T Z O X  5 A L A W C E  SCATTERING DATA 
W R L T E S  FIssIo?d S O I l R c  S: T N T E R F A C E  (FISSOR) 

C9ZCUkRTES BUCKLING5 TN 3 - D  P R O B L E R S  
C A L C  RS POMEE A W D  N E U T R O N  D E N S I T Y  

GETS D A t A  FOR S D R R O O T i d E  PTZP 
U R T ' I E S  F L U X E s  P O &  2 Z O N E S  ON RZPLUX FOR DEPLETION 
W R I T  PS F L U X  TNTEAP ACE DATA P I L E  

S P R C l A L  DATA OUTPUT IN DCD FBRH 
C A L L S  S A Y ? ,  S A T & ,  S A Y 6  

S?LCPAL DATa O U T P U T  IN BCD F O R H  ( G E O D S T )  
CALLS S A 1 3  

SPLLLAL D A T A  QtiTPDT IN DCF FORH (GEODSTP") 
SPBCIf iT LIPAT!. O U T P U T  Ik BCB FOB# {PWDPNT) 

SPECIAX D A T A  GUTPUT IN BCD POBPI (Pk99INT) 
S P E C I A L  DAT.: OUTPUT IM BCD FOkltl (RTFEUX) 

S P E S l A L  D A T k  O U T P U T  L E  BCI? POHH (RTPLUX] 

cnx.1 5 S K P B  

@&LI.S L90'JT, S K E R  

CALLS POUT,  SKER 

CALLS S A T 5  

C A L L S  SAV7 
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JGET GETS DWWS ( F O R  1 - R O Y  STORED MODE) 
P E R T  PEETOREATPOW COWTBOL 

CALLS DAPA, LI BE, TIIPY, PEBOuflAPS, R ~ ~ ~ ~ ~ ~ ~ T " ~ K E ~  
PA SETS UP I N P U T / Q U T P U T  PILES FOR PERTURBATION C ~ ~ ~ ~ ~ ~ ~ ~ ~ N  

LIFE CALCULATES BASIC PEBTURBATXUN I N T E G R A L S  
TUF Y CALC DLATES T BANS PORT PERTUBBAT ION PfgTEGfi AL S 

8APS CALCULITES SPACE POINT HFIFORTANCE RAE'S 

PaAP CONTROLS EDIT OF XMPORTANCE M A P S  

CALLS B B B 1 , B B ! 3 2  

CALLS P I M P  

CALLS QOUT 

SPECIAL R O U T 1  NE 5 ------ 
GZTCQR ASSEMBLY LANGLIAGE ROUTINE TO ALLOCATE COBE ~ ~ ~ ~ ~ I ~ ~ L ~ Y  FOX 

THE VARIABLY D T B E N S I O N E D  A R R A Y S  AT R O N  TIME 
F'RECOR ASSEEBLPI L A N G U A G E  R O U T I N E  TCP FREE CORE ALLOCATED BY GETCOB 
ERRSET S D P P I J E S  T H E  L E V E L  OF ERROR STQPS TO THE SPSTEH 

END OF S E C T I O N  201  
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Section 203: Transferring Data 

To f a c i l i t a t e  any changes which might be r equ i r ed  t o  t h e  method of 

d a t a  t r a n s f e r  between memory and a u x i l i a r y  s to rage ,  t h e  r o u t i n e s  REED 

and RITE with known func t ions  have been used. REED t r a n s f e r s  d a t a  from 

a u x i l i a r y  s t o r a g e  i n t o  memory, RITE moves d a t a  from memory onto a u x i l i a r y  

s to rage .  

d a t a ,  always under t h e  gu i se  of  4-byte  1BM f l o a t i n g  p o i n t  s h o r t  word, 

o f t e n  mixed type .  

These t r a n s f e r s  are made i n  r e l a t i v e l y  l a r g e  blocks of  b inary  

- Sequent ia l  Access 

A record  i s  kept  o f  t h e  access p o s i t i o n  of each l o g i c a l  u n i t  i n  t h e  

s e r v i c e  r o u t i n e .  Upon any r eques t  f o r  a d a t a  t r a n s f e r  ope ra t ion ,  t h e  

access p o s i t i o n  f o r  t h a t  u n i t  i s  checked wi th  t h e  r e fe rence  record  number 

provided.  If p rope r ly  pos i t i oned ,  t h e  t r a n s f e r  i s  made with a For t ran  

READ o r  WRITE s ta tement .  If not  proper ly  pos i t i oned ,  r e p o s i t i o n i n g  i s  

done t o  a h ighe r  record  number o r  a rewind i s  done and r e p o s i t i o n i n g  done 

from t h e  start.  (The backspace c a p a b i l i t y  i s  not  used; t r o u b l e  wi th  t h i s  

technique has  simply caused u s  an i n o r d i n a t e  amount of  t r o u b l e  l o c a l l y  and 

on conversion t o  d i s t a n t  f a c i l i t i e s ,  and has  been a c o s t l y  pena l ty  i n  

a n a l y s i s  e f f o r t  on p r o j e c t s . )  Thus f o r  t r a n s f e r s  which a r e  made 

s e q u e n t i a l l y ,  t h e  t a s k s  are  performed d i r e c t l y .  

I t  i s  noted t h a t  t h e  technique implemented may discourage ca r ry ing  an 

access p o s i t i o n  from one r o u t i n e  t o  another .  

deemed t o  be undes i rab le ,  t h a t  i s ,  t o  read  t o  some p o i n t  i n  a d a t a  f i l e  

i n  one r o u t i n e  and then  cont inue reading  i n  another  r o u t i n e ,  because i t  

r e s t r a i n s  sequencing r o u t e s .  The access  p o s i t i o n  d a t a  i s  c a r r i e d  in an 

a r r a y  i n  a l abe led  common block i n  t h e  s e r v i c e  r o u t i n e s  and not  accessed 

i n  t h e  primary coding nor t i nke red  with.  

This  p r a c t i c e  i s  gene ra l ly  
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REWZNL) c a p a b i l i t y  i s  provided.. Also t h e r e  i s  p ro tec t ion  aga ins t  

reading  d a t a  which has  no t  heen w r i t t e n ,  e s p e c i a l l y  use fu l  f o r  t he  

debugging phase of  program development. 

on t h e  uniL a f t e r  i t  has  been w r i t t e n  by a s p e c i a l  c a l l .  The p o s i t i o n  

f l a g s  Cor t h e  u n i t s  accessed s e q u e n t i a l l y  a r e  i n i t i a l l y  s e t  t o  zero;  an 

at tempt  t o  access  da td  before  it has been w r i t t e n  will cause an e r r o r  

message e d i t ,  bu t  no t  an a b o r t .  

An END OF F I L E  i s  usua l ly  placed 

I t  i s  t r u e  t h a t  a l l  d a t a  t r a n s f e r s  could be  made i n  e i t h e r  t h c  d i r e c t  

access  mode o r  t he  sequen t i a l  access  mode by r epos i t i on ing .  However, we 

f ind  geizerally t h a t  when d a t a  i s  moved s e q u e n t i a l l y ,  s equen t i a l  access  

i s  the  most e f f i c i e n t .  The mul t ip l e  r e p o s i t i o n i n g  a s soc ia t ed  with 

access ing  records  out  of  o rde r  i s  a s e r i o u s  pena l ty  when sequen t i a l  access  

i s  used on many systems. The s o l u t i o n  t o  this problem with s to rage  on 

d i s c  u n i t s  i s  t o  c a r r y  a record accounting i.n t h e  ope ra t ing  system and 

t ransmi t  a s i n g l e  pos i t i on ing  o rde r ,  t h e  d i r e c t  access  mode. In  t h e  d i r e c t  

access  by record mode, only f ixed  l eng th ,  unformatted records  are moved. 

To allow both  sequen t i a l  and d i r e c t  access  modes of  opera t ion  i n  a 

program requ i r e s  i d e n t i f i c a t i o n  of t h e  mode f o r  each l o g i c a l  u n i t .  This 

could h e  done by (1) us ing  d i f f e r e n t  routi .nes o r  se.t f l a g s  i n  t h e  program, 

( 2 )  de f in ing  a range o f  l o g i c a l  u n i t s  f o r  one type o f  access ,  o r  

( 3 )  providing hi-ddeii f l a g s .  We r e j e c t  (1) as i n h i b i t i n g  interchange,  and 

(2 )  as an undes i rab le  and not  a s u f f i c i e n t l y  general  scheme. The scheme 

s e l e c t e d  allows t h e  same l o g i c a l  u n i t  t o  be used one way a t  one poi-nt i n  

a c a l c u l a t i o n  and another  way l a t e r ;  f o r  exam-ple, a f i l e  conta in ing  t h e  

f l u x  values  iuay be blocked with a l l  values  a t  one group f o r  t h e  i t e r a t i v e  

c a l c u l a t i o n  i.rr a r eco rd ,  but  oillgi one p lane  of  d a t a  i n  a record f o r  t h e  

c a l c u l a t i o n  of r e g u l a r ,  3d j  oi.rrt f l u x  i n t e g z a l s  , 
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.... 

.... 

F o r  e f f i c e n t  execut ion,  p a r m e t e r s  such as record lcngth m m t  ?re 

made problem dependent e This is done with rou t ines  adapted BncalEv 

which are accessed f o r  "opening'' p r i o r  t o  use.  

Capab i l i t y  t o  use a l o c a l  implenientatinn o f  t h e  TBM system daTa 

t r a n s f e r  rou t ines  i s  implemented (outs ide  o f  For t ran)  avaP?,al;? L' (,xi 

opt ion ."  We have not  found a s i g n j  Ficant g a i n  i n  t <)tal corriyuLer 

e f f i c i e n c y ,  bu t  c lock t ime f o r  a x-un i s  s i g n i f i  cnrr t ly  rediaceti vdrcic laryc 

records of  d a t a  are involved (many po in t s  on a plane) by u s i n g  t-hi:., 

scheme, and b u f f e r  space is eIii i i inated.  

Core - to -  Core 

An implementation was adopted which allows d a t a  f i l e s  t o  F c  > t o r e d  

i n  memory (cxtended core) i f  space  allows. In t h i s   le, t h z  d a ~ z  i s  

simply moved from one l o c a t i o n  t o  another  d i r e c t l y .  

_I__. Asynchronous Operations 

The r o u t i n e s  provide f o r  asynchronous opera t ions  t o  al low o-rrcrlap 

of  input/output opera t ions  with cal cu? a t  ion .  Special rou t ines  arc  

r equ i r ed  on a eomputer t o  provide t h i s  capability local ly .  

M u 1  t i 1 eve 1 T Q I I i  erar ch y 
~ __l_l_-_ 

C a p a b i l i t y  i n  t h e  r o u t i n e s  grovi.des f o r  storage of d a t a  3n an 

extended (slow) co re  and input /output  with both d i s c  and memory. This 

c a p a b i l i t y  admits simul a t i o n  and t e s t i n g  o f  procedures prog?-mmed f o r  

h ie ra rchy  s t o r a g e  by ass igning  t h e  slow memory spacc t o  f ss t  n e a o ~ y .  

W. A. Rhodes ,  T h e  FBSAM Data Transmission Package f o r  I R M  360/370 
Computers , ( j  EKDA Report ,  OKNL-TM-5199 (January 1976) .  

a 



The Input/Output Serv ice  Routines 

We expect compromises t o  be madc i n  t h e  coopera t ive  i n t e r -  

i n s t a l l a t i o n  e f f o r t  f o r  a scheme t o  admit a v a r i e t y  of input /output  

techniques t o  be used i n  a code. h i s  code uses an e a r l y  iniplemcntation 

of such c a p a b i l i t y  developed l o c a l l y .  Documentation is provided i n  

ORNL-5158, but t h e  concerned programmer should r e f e r  t o  t h e  For t ran  

l i s t i n g  o f  t h e  rou t ines  a c t u a l l y  d i s t r i b u t e d .  The c a p a b i l i t y  included 

i n  these ,  inc luding  both t h e  l o c a l  implementation o f  t h e  computer 

system d a t a  inpu t jou tpu t  rou t ines  (non-Fortran) and t h e  d e f a u l t i n g  of 

f i les  t o  memory, i s  ope ra t iona l  i n  t h e  presen t  vers ion  of t h i s  code. 

END OF SEU'TTON 
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Sec t ion  204: Input/Output F i l e  Requirements 

I n  t h i s  d i scuss ion ,  t h e  d a t a  f i l e s  which must be r e s i d e n t  on a u x i l i a r y  

s to rage  devices  are i d e n t i f i e d  as Standard I n t e r f a c e  f i l e s a  o r  s c r a t c h  

f i l e s .  It i s  assumed t h a t  t h e  s c r a t c h  f i l e s  are each assigned a l o g i c a l  

u n i t  number i n  t h e  range 21-65 and u n i t s  1-9 are reserved  f o r  s p e c i a l  

purposes.  

Unit  4 i s  used t o  con ta in  a c o l l e c t i o n  of t h e  r e s u l t s  f o r  expor t  (BCD, 

Our normal l o g i c a l  devices  are u n i t  5 input  and u n i t  6 output .  

t ape ) .  

t o  s a t i s f y  o t h e r  l o c a l  requirements  at another  i n s t a l l a t i o n . )  

(Assignments may b e  simply changed a t  t h e  f r o n t  end of t h e  code 

I n t e r f a c e  Data F i l e s  Used 

GRUPXS -Group ordered microscopic  c r o s s  s e c t i o n s  

GEODST - Geometry d e s c r i p t i o n  

NDXSRF -Nuc l ide  t o  c r o s s  s e c t i o n  r e fe renc ing  d a t a  

ZNATDN -Zone nuc l ide  atomic d e n s i t i e s  

SEARCH - Search d a t a  ( requi red  only  f o r  s ea rch )  

FIXSRC - F i x e d  source ( r equ i r ed  f o r  a f i x e d  source  problem only)  

RTFLUX - T o t a l  neut ron  f l u x  ( i f  suppl ied  and f o r  success ive  cases)  

ATFLUX - T o t a l  a d j o i n t  neut ron  f l u x  ( i f  suppl ied)  

RZFLUX - Zone average t o t a l  neut ron  f l u x  ( f o r  success ive  cases) 

I n t e r f a c e  Data F i l e s  Generated by Option 

RTFLUX - T o t a l  neut ron  f l u x  

ATFLUX - T o t a l  a d j o i n t  f l u x  

RZFLUX - Zone average t o t a l  neut ron  f l u x  

PWDINT - P o i n t  power d e n s i t y  

GEODST - Geometry d e s c r i p t i o n  upon dimension sea rch  

%ers ion  I11 S p e c i f i c a t i o n s ,  LASL r e p o r t ,  LA-6280-MS; see r e m r k s  about 
f i l e s  SEARCH and FIXSRC on page 204-24. 
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NDXSRF -Nucl ide  t o  c ross  s e c t i o n  r e fe renc ing  d a t a  upon dimension search  

ZNATDN -- Zone iiuclide atomic dens iti.es upon concent ra t ion  search  

FIXSRC - Fixed source  r c s u l t  

PERTUB - Regular,  adjoint .  f l u x  i n t e g r a l s  

KSTRTR - Data f o r  problem r c s t a r t  

FISSOR -- Specia l  Fixed Source Data 

Scratch Data F i l e s  bv Unit NurnbeP 

2 1  

2 2  

a 23 (Direct  access)  

24 (Direct  access)  

2 7  (Direct  access)  

28  (Direct  access)  

29 (Direc t  access)  

40 (Direct  access)  

41 

4 2  

43 

44 

45 

46 

47 

Macroscopic scat. t c r i n g  cross s e c t i o ~ ~ s  

P r i n c i p a l  macroscopic c ros s  s e c t i o n s  

Equation coupling cons tan ts  i n  space,  normally not  
used 

Total  nzutroii f l u x  

Flux Copy 

Flux copy 

0-J times volume (cur ren t  i n  the P I  sense)  

Eq1nti.oi-r cons taiits 

Fixed source  

Fissi-on SOllrCe 

Tota l  source  

Neutron balance d a t a  

M i  s c e 1 1 aneou s b 

Mi.s ce 11 aneous 

Search d a t a ,  misc.  

a Unless noted o therwise ,  f i l e s  are accessed s e q u e n t i a l l y ;  by d i r e c t  access  
i s  iResllt write arid read o f  d i s c  f i l e s  a t  random t y  record .  

b ~ y  miscellaneous is  rncaiit t h a t  t h e s e  f i l e s  a r e  gei ieral ly  used t o  s t o r e  
d i f f e r e n t  information at d i f f e r e n t  s t a g e s  of a c a l c u l a t i o n ,  bu t  t he  
requi red  s t o r a g e  space is  usua l ly  i i v t  l a rge  r e l a t i v e  t o  t h o s e  f o r  
which requirements arc given i n  d e t a i l .  



... 

4 8  Miscel laneous 

49 P o i n t  volume da ta  

50, 51, 52 Cross s e c t j o n  data 

53 Mesh da ta  

Cer t a in  f i l e s  conta in  l a r g e  f r a c t i o n  of  the data t o  bc stored, 

Note t h a t  t h e  prodiict of  t h e  record lengfh and number of rccordr; i s  Lhe 

t o t a l  amount o f  d a t a  t o  be s tored  i n  a f i l e  f o r  direct access. 

L e t  J = p o i n t s  i n  a row 

I = number of rows i n  a p lane  

L = number of p lanes  

K = nuiiiber of  groups 

W = 1 f o r  long-word machines, 2 fo r  s h o r t  word 

R = 0 f o r  one-dimensional, 2 f o r  two-dimensional, 4 f o r  

three-dimensional cases  

H = 1 f o r  hexagonal, 0 o therwise  

lui = number of zones (m r e f e r s  t o  zone) 

A record. on u n i t  40 (or 2.3 when requi.red) contains  t h e  following data  

f o r  a row o r  a plane of p o i n t s :  t o t a l  l o s s  terms inc luding  leaka.ge, 

r eg ions ,  element volumes, l e f t  leakage cons t an t s ,  t op  and bottom leakage 

cons t an t s  I f r o n t  arid back leakage cons tan ts ,  e x t r a  leakage cons t an t s  fo r  

hexagonal geometry d a t a  terminated as appropr ia te  f o r  few-dimension 

problems. 

The primary c r o s s  s e c t i o n s  are c a r r i e d  on u n i t s  2 1  and 2 2  as follows, 

where M refers  t o  t h e  number o f  zones and K t o  the n~iiiibes of: groups, 

N t o  t h e  number of  b lack  absorber  zones, and 1 the number o f  dimensions. 
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Record Number 
I Unit Length of  Records Contents 

2 1  M [N (k) 1 K I n s c a t t e r i n g  C!(kf +k,m); f o r  t h e  P1 

c a l c u l a t i o n ,  t h e  data f o r  each k fol lows 

t h e  lo d a t a  i n  a s e p a r a t e  record ,  
S 

i nc reas ing  t h e  number of  records  t o  2K, 

22 MK 

MK 

MK 

MK 

MK 

MK 

MK 

M K  

2 K  

N 

M 

K 

K 

K 

MK 

MK 

2J+2I 

+2L+3 

1 t o  4 

1 

D (k,m> 1: Ck -+ k,m) 

F i s s ion  source  d i s t r i b u t i o n  X(m,k) 

Sink term I,(m,k) + D B2(rn,k) 

Buckling loss  D B2(m,k) 

Product ion V I f  (m, k) 

Search product ion VI (m,k) 

Search absorp t ion  1 (m,k) 

Energy p e r  u n i t  f l u x  W(m,k) 

LL 

11 

P 

9 

Reciprocal  v e l o c i t y  Z(m,k) 

l n s c a t t e r  range, l o c a t i o n  of in-group 

term N(k) , N J  (k) 

Black absorber  zone l i s t ,  i f  N > 0 

Zone volumes V(m) 

Number of  i n n e r  i t e r a t i o n s ,  i f  I > 1 

S p e c t r a l  r a d i u s ,  i f  I > 1  

Overre laxa t ion  f a c t o r s ,  i f  I > 1  

Removal c r o s s  s e c t i o n s  (only with 

P I  t rea tment )  

Di f fus ion  c o e f f i c i e n t s  by zone, as well 

as t h e  coord ina te -d i r ec t ion  dependent 

va lues  when a v a i l a b l e  from GRUPXS 

except  with P i  treatment 

Distances t o  f l u x  p o i n t s  and f i n e  mesh 

i n t e r v a l  i n t e r f a c e s  
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7K 1 Ext. e r n a l  and in te rna l  boundary 
condi t ion  cons tan ts .  

MK 1 Ea (m,k) f i s s i l e  

- 
Lt should be noted that microscopic croab s e c t i o n s  are used in a 

group-ordered form. 

da t e  i n t o  this f orlir f r o m  a r c f e r ~ n r e  broad-energy-group l i b r a r y  i n  t h e  

n u c l l d c - o r d e r e d  fo rma t  def ined by t h e  s p e c i E i c a t i o n  f a r  f i l e  TSOTXS. 

A processor code block i s  r e q u i r e d  to recast t h e  

Code DeDendeat Data P i l c s  - I___ --A- I -- 
1, r i g u r e  201.-1 shows the C O ~ ( . E I X ~  of special  h t e r f a c e  Eiles CONTRL, 

PERTUB: KS'L'KTR, and bTSSOR. Also are the conten ts  of t h e  BCD f l l r  

on unit  4 used t o  trransfer data  t o  o t h e r  i n s t a l l a t i o n s .  

LONTRL i s  a Pile conta in ing  code module c o n t r o l  instriIct.iotxs i n  

re1 o r d s .  

-- rcRTUB i s  geir~eraced by  s t p i o n  by the  code and conta ins  t h e  basic 

p e r t u n t a t i o l i  i n t e g r a l s .  

RSTRTR I s  a rcstarr  file w h k h  I s  w r i t t e n  by op t ion  and may be sup- 

p l i e d  Lo t11e cade tu coirtinue a p r ~ i ~ u s  c a l c u l a t i o n .  

FLSSOK i s  a f i s s i o n  source interface f i l e  written on 0pt i01i .  

Also,  c e r t a i n  d a t a  i s  placed on the end of t he  file RX'FLUK f o r  

K ~ C O V P ~ ~ ~  of i terat  i o u  information when success ive  problems are solved 

as i n  d e p l e t i o n  c a l c u l a l i o n s .  T h i s  file a l s o  w i l l  contain local. f l u x  

v a l u e s  when used f o r  auxiliary exposure c a l c u l a t i s n s .  Addit ional  d a t a  

is a l s o  placed iil a record a t  t h e  end o f  55Pe F-USRC adieu. generatad by 

t he  V%:N'ITJRE code for sarbsequent recovery and use. 
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C- - - ." - P ..- - - I I - - - -- - - - 
CR HODOLE D R I V I N G  INFORMATION 
C 
CL D V R I N S ,  ( X X [ i ) , I = l , l O O ) ,  ( I X ( I ) , I = l , l O O )  
C 
cw 10l*HULT + 100 
c 
CD B V R I N S  n 0 D U I . E  D R I V I N G  I NPO BMATIOW I DEN T I F I E R  (6HDBRi  NS 1 
CD X X ( 1 - 1 0 0 )  RESERVED 
CD I X ( 1 )  PRIMARY BEMORY ALLOCATION, WORDS 
CD IX(2)  RESERVED 
CD I X ( 3 )  RESERVED 
CD I X ( 4 )  M A X I H U P I  BLOCK S I Z E  FOR D l R E C T  ACCESS DATA P I L E S ,  
CD W O R D S ,  BEST VALUE DEPEWDS ON SEVERAL THINGS 
CD INCLUDING DISC TRACK LENGTH, OVERRIDE THE 
CD AUTOMATED PROCEDURE ASSXGNNENT PP NOM-ZERO 
CD 1 x 6 5 )  TOTAL PROCESSOR TIME ALLOWED FOR THE EON, MINUTES 
ca I X ( 1 1 )  STAND-ALONE FLAG - 
CD 0 - MODULES ARE ACCESSED I N  B T R U E  MODULAR SENSE 
CD 1 - MODULES ARE ACCESSED AS I F  EACH IS A 
CD STAND-ALONE CODE (NOT? BECOB?iENDED) 

- -I - - - - --- - - s - - - - c- - - - -I- - P P- I- -- _-- - - - - -_ f - -- - 

CR 
C 
CB 
c 
CL 
C 
CW 
C 

CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

cn 

CROSS S K T X O W  PROCESSOR INS TRUCTION S 

T H I S  DATA REQUIRED BY THE CROSS SECTION PROCESSOR 

XCPINS, ( X X ~ I ) , I = 3 , 1 0 0 ) ,  ( I X ( 1 )  , i = 1 , 1 0 0 )  

101*BULT + 1 0 0  

X C P I N S  CROSS SECTION PROCESSOR DATA I D E N T I F I E R  (SHXCPXNS) 
X x ( r - 1 0 0 )  RESERVED 
I X  (1-2) RESERVED 
I X  (3% OPTION O N  i N P U T  CROSS SECTION P I L E  PROCESSING 

0 - Ni l  PROCESSING REQUIRED 
1 - GENERATE NEU NWCLSDE-ORDERED F I L E  FROB 

THE FILE OB P f L E S  H A V i I G  FORHAT I X ( 5 )  
(REQUIRES INTERFACE P I L E  CXSPRR FOR 
ADDITIONAL INFORMATION) 

p x  (49 OPTION TO GENERATE A GROUP-ORDERED F I L E  PEOPl 
A NUCLIDE-QRDERED P I L E  
0 - NO 
1 * YES 

0 - NUCLIDE-ORDERED P I L E  
1 - C I T A T I O N  CROSS SECTION S E T S  
2 - HERGE TWO NUCLIDE-ORDERED P I L E S  

I X  (5) F O R N W T  OF INPUT sass SECTIONS FOR 1 x ( 3 )  EQ i 

(CONT) 
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CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 

I X  ( 6 )  

I X  ( 7 )  

I X  ( 8 )  

I X  ( 9 )  

I X ( l 0 )  

I X  (1 1) 

IX(12-22)  
I X  (23) 

I X  (24) 

I X  (25-100) 

OPTION ON P R I N C I P A L  CROSS S E C T I O N  DATA 
FOR I X ( 4 )  E Q  1 
0 - RETAIN ALL DATA 
1 - REDEFINE (N,GAMHA) CROSS SECTION TO BE 

THE CAPTURE CROSS SECTION = (N,CAHMA) + 
(N,ALPHA) + (N,P) + (N,D) + (NUT)  - (N ,2N)  

OPTION ON SCATTERING DATA FOR I X ( 4 )  EQ 1 
0 - RETAIN ALL DATA 
1 - RETAIN THE TOTAL SCATTERING ONLY 

0 - RETAIN ALL DATA 
N - RETAIN ORDERS UP M (N-7) ONLY 

OPTION ON SCATTERING RECORD BLOCKING FACTOR 
FOR I X ( 4 )  E Q  1 
0 - NSBLOK = 1 
N - NSBLOK N, IF' (NISO/N)*N EQ NISO,  

OPTION ON SCATTERING ORDER FOR I X ( 4 )  E Q  1 

OTHERWISE NSBLOK = N I S O  
WHERE NXSO I S  THE NUMBER O F  NUCLIDES 

OPTION TO COMPUTE THE TOTAL SCATTERING RATRIX 
FROB THE COMPONENTS FOR X X ( 4 )  EQ 1 
TOTAL = E L A S T I C  + I N E L A S T I C  + N2W 
( T H I S  MUST BE DONE I F  THE GRUPXS FILE I S  TO BE 

USED BY VENTURE A I D  THERE I S  NO TOTAL 
SCATTERIRG DATA PRESENT)  

0 - NO 
1 - YES 
2 - YES A I D  HULTIPLY N 2 N  SOURCE BY 2 . 0  

S P E C I F I E D  BY I X  ( 3 )  A N D  I X ( 5 ) ,  I F  A N Y  
0 - NO 
1 - YES ( R E Q U I R E S  INTEEPACE P I L E  CSSPRB FOB 

OPTION TO CREATE ISOTOPE MIXTURES AFTER PROCESSING 

ADDITXONA I IN P CRB ATIBN) 
RESERVED 
OPTION TO E D I T  LATEST NUCLIDE-ORDERED P I L E  

0 - NO 
1 - YES 

0 - NO 
1 - YES 

OPTION TO E D I T  GROUP-ORDERED F I L E  

RESERVED 

c --------------I--------- .-- ----------I------ll---lpl-----_-ol----.-.---- 

CR NE O I R O N I C  S I N  S T  RUCTIONS 
C 
CL D T N I N S .  ( X X ( I ) , I = l , l o O ) ,  ( I X ( 1 )  ,I=1,100) 
C 
CD DTNINS NEUTRONICS CONTROL X D E N T I F I E R ,  A ( 6 ]  
CD XX(1)  REFERENCE REAL TIME, DAYS 
CD X X ( 2 )  MACHINE T I N E  ALLOWED POR SOLUTION, M I N  
CD ( I T E R A T I O N  TERHINATED I F  T I M E  EXCEEDED) 

(CONT) 
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CD 
CD 
C 
CP 
C 
CD 
CD 
CD 
CD 
ea 
CD 
Cb 
CD 
CD 
C D  
ca 
CD 
CU 
CD 
CD 
CD 
CD 
CD 
cu 
iD 

CD 
CD 
CD 

CD 
TD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
Cil 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C D  
C D  
C' 
c 1) 

- 
L 

rD 

X X  ( 3 )  CYCT,E TIHE I N  IWIItJDTES T O  U R L T E  R E S T A R T  BATk 
NOT DONE 1P 0, ALWAYS D O H E  AT END LY M O H - Z Z R O  

NOTE THM! V A R I A B L E S  NOT DEFINED A R E  R E S E R V E D  POH LATER USE 

P O W E R  LEVEE O F  REACTOR, WATTS THEBPIBL 
I F  0, N O R H A L I Z A T I O E  I S  T O  ONE SODRCE NEUTRON 
(W kTT-S&C/PISS DEP AOLTED TO 3,2E-11 IF ZERO) 

ENERGY C O N V E R S I O N  PACTOR, F I S S I O N  TO THERMXL 
P R A C ' I I O I  OF REACTOB TREATED 
S P E C i P I E D  1IGLT1PLTCkTION PACTCA FOR SEARCH I F  

S P F C T P l b O  O V E R R E L A X A T I O N  C O E F F I C I E N T  IF NOK-ZERO 
W l l - 7 . E R Q  

E S T P K A T E  OP T H E  E I G E N V A L U E  Foa C S E A T C ~ ~ V  
A CC ET, ER A TPOW ON 0 UTEB 1 TE BAT1 0 WS 

ESY'IMATE: OE THE LOVER % I ? ! I T  LIP THE SPECTRUM OF 
E I [;E MBA LU E S  F O R  17 H E  BY CH EV ACCEL ERAT TON 

C O N t E R G E N C E  CRITERIA OX I N T E G R A L  Q U A N T I T I E S  
k A X I f l U  fl RELIITIVE C H A N G E  OW OUTER I T E R A F H O N  

COMBEBGENCE CRITERIA ON LOCAL O R  POINT VARIABLES 
HAXIHIJFi R E L A T I V E  P O I N T  FLUX CHANGE OB OUTER 
T T E R A ' G I O N  ( -  0009 5) 

IX GEBDST F I L E  IF NOH-ZERO 
COXSTWIT BUCKLI t?G VALUE UHICH O V E R R I D E S  THE DATA 

XK !loo) R E S E R V E D  

I N D L C A T O R  THAT THE CODE BLOCK HAS IXPUT D A T A  
NOT COWTAlWED I N  THE S T A M D A R D  I N T E E P A C K  FILES 

O T h E R  S I I A N  THIS BLOCK OF DATA I F  . G T . O  
R E S T S R T  O P T I O N S -  R E S T A R T  USING DATA FROM A #  

OLD C B S P  PP .GT. 0 ,  R E Q U I R E S  SPECIAL RESTART 
DATA P I L E  

R E Y E P E N C E  Z O U N Y  O N  P R O B E E N S  (CYCLE m ~ a E R ~  
FOR R U L A T I  ON OPTIONS 

VENTURE,  NESh CENTERED F I N I T E - D I F F E R E N C E  
0 -  D I P P U S H O N  THEORY 
1 -  S I X P L E  P I  A P P R O X I N A T I O N  

V A N C E R ,  t i Z 5 H  EDGE ( 2 -  AND 3 -0  S L A B  I N F O  SHOUM ) 
0,l SELECTED DEPA ULT 
2- LIKEAR FXWiTE D I F F E R E N C E  ( 8 .  10 NEIGHBORS)  
3- EXTENDED T b Y L O P  5E:RTES $ 8 ,  1 0  N E I G H B O R S )  
4 -  LINEAR P l l l T E  ELEPSBNT ( 8 ,  10 N E I G H B O R S )  
5 -  Si,4spLP. ThYLOR S E R I E S  (8, 1 0  NEIGHBORS)  
6- OSOAL F I F I T E  BJYPER.!It3CR (4, 6 N E E G H B C R S )  
7- C O H P R O B I S E  (8, 1 0  N E I G H B O R S )  
8 -  C O N P R O Z I S E  ( L a ,  6 N E I G H B O R S )  
3 -  C O f i P E N S A T E D  DTFBrEBENCE ( Y #  6 N E I G H B O R S )  

TYPE OP PBOBLEPl 
0 -  DETERKINE S O U R C E  R U L T I F L I C A T I O N  FACTOR 
1 -  SEARCII P R O B L E n  (FXLE OF SEARCH DATA IS 

2- FIXED SOURCE PBOBLEE 
3- A D J O I N T  P R O B L K a  ONLY 
Y- B U C K L I N G  SEAMCH 
5- PROfiPT PfODE ALPHA C A L C U L A T I O N ,  l / V  SEARCH 

R E Q U I R E D ,  SEE OPTION I X  (IO]) 

(CONT) 
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CD I X ( 6 )  
CD 
CD 
CD 
CD 
CD I X ( 7 )  
CD 
CD 
CD I X ( 8 )  
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD I X ( 9 )  
CD 
CD 
CD 
CD 
CD I X ( 1 0 )  
CD I X ( 1 1 )  
CD 
CD 
CD I X ( 1 2 )  
CD 
C D  
CD I X ( 1 3 )  
CD 
CD 
CD 1 x 1 1 4 )  
CD I X  ( 1 5 )  
CD I X ( 1 6 )  
CD 
CD 
CD 
CD I X ( 1 7 )  
CD I X ( 1 8 )  
CD 
CD 
CD IX(19)  
CD 
CD 
CD IX ( 2 0 )  
CD 

A D J O I N T  PROBLEM O P T I O N S  
8 - NO A D J O I N T  PROBLFM TO B E  DONE 
1 - EIGENVALUE TYPE PROBLEM 

2 - F I X E D  SOURCE T Y P E  ? R 0 3 L E N  
(NORMALLY FOLLOWING A FORWARD PROBLEM) 

O P T I O N  T O  USE THE LOCAL IMPLEPIENTATION OF T H E  
O P E R A T I N G  S Y S T E R  DATA T R A N S F E R  F O U T I N E S  
( R P Q U I R E S  MEMORY S P A C E )  

O P T I O N  T O  F O R C E  DATA HANDLING nODE (FOR T E S T I N G )  
-1 O P T I O N  TO T E R M I N A T E  I F  HEMORY ALLOCATION 

I S  TOO SMALL FOR E F F I C I E N T  E X E C U T I O N  (THF 
S P A C E  P P O B L E R  CANNOT B E  STORED I N  TWD- 
D I P I E N S I O N S  O R  ENOUGH P L A N E S  O F  DATA CAN 
NOT B E  S T O R E D  TO AVOID E X C E S S  TRANSFER 
I N  I! HREE- DIM ENS I O N S )  

0 -  AUTOYATED TO H I N I H I Z E  I N P U T / O U T P U T  
1- BASE PROBLER CORE CONmAAINED 
2 -  S P A C E  PROBLEM AT EACH ENERGY CONTAINED 
3-  ONE ROW C O N T A I N E D  I N  CORE 
4 -  ONE OR MORE S P A C E  P L A N E S  CONTAINED I N  CORE 
5- M U L T I P L E  ROUS STORED FOR TWO D I M E N S I O N A L  
6 -  MULTI-EEVEL DATA TPAMSPER 

O P T I O N S  3 N  FLUX I N I T I A L I Z A T I O N  
-1 S E T  A L L  FLUX VALUES EQUAL 

0 AUTOHATED PROCEDURE 
1 P O I N T  ENERGY YODEL, C O S I N E  I N  S P A C E  
2 USE A V A I L A B E  SCALAR F L U X  F I L E  

I D E N T I F I E S  SEARCH DATA IN S E A R C H  F I L E ,  I X ( 5 )  = 1  
I D E N T I F I E S  SECONDARY SEARCH DATA I N  SEARCH F I L F  

TO B E  U S E D  IF C O N S T R A I N T S  F O R  F I R S T  S E T  ARE 
NOT S A T I S F I E D ,  A N D  SECOND SEARCH I S  TO B E  DONE 

S P E C I F I E S  THAT A 2-D ( O R  1-D) PROBLEM I S  TO R E  
SOLVED F O R  T H I S  P L A N E  ( O R  ROW) O F  A 3 - D  
(OR 2 - D )  D E S C R I P T I O N  I F  NON-ZERO 

ORDER I N  T H E  C R O S S  S E C T I O N  F I L E  O F  THE D I R E C T l O N  
DEPENDENT TRANSPORT CROSS S E C T I O N  TO B E  USED 
FOR THY F I R S T  C O R R D I N A T E  D I R E C T I O N  (VSUALLY 0)  

DITT '3 ,  SECOND COORDINATE D I R E C T I O N  
D I T T O ,  T H I R D  C O O R D I N A T E  D I R E C T I O N  
I N S T R U C T I O N  NORMALLY E X E R C I S E D  BY CONTROL MODULE 

DATA F3R I N I T L A L I Z A T I O N  PROM F I L E S  RZFLUX A N D  
RTFLUX 

r o  INFORM T H E  NEUTRONICS MODULE T O  RECOVER 

F O R C E  K E P F .  CALC. B Y  SOURCE R A T I O  IF GT 0 
F I S S I O N  SOURCE D I S T R I B U T I O N  FUNCTION O P T I O N  

0-  S E T  VALUES TO BE USED (SAME I N  EACH ZONE) 
1- R E G I O N  DEPENDENT VALUES TO B E  USED 

F I S S I O N  S O U R C E  D I S T R I B U T I O N  NORMALIZATION OPTION 
0-  LEAVE UNNDRMALIZED 
1-  NORHALIZE EACH SET TO S U M  TO U N I T Y  

( S E T  BY T H E  CODE IF NOT S P E C I F I E D )  
C O N S T R I I N T  ON OUTER I T E R A T I O N S ( M A X  ALLOWED) 

(CONI!) 
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CD I X ( Z 1 )  
CD 
CB 
CD 
CB 
CD 
CD 
CD I X ( 2 2 )  
CD 
CD 
CD 
CR I X ( 2 3 )  
CD 
CD 
cn 
C B  
CD 
CD 
CD 

. CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

CD 
C B  
CD 

CIS 
CD 
CD 
CD 
CD 
CB 
C B  
CD i X ( 2 6 )  
CD 
CD 
CD 
CB 
CD 
CD 

CD 
CD 
CD 

cb, I X ( 2 4 )  

CD I X ( r n 5 )  

CD I X ( 2 7 )  

INNER ITERATIOM OPTION 
0- USE AUTOHATED PROCEDURE(RECOHEMj4ED) 
N -  REFERENCE NUMBER OF 1”olNERS = I 

S E T  B Y  THE CODE I F  NOT S P E C I F I E D  
(IF 1 .LE. N .LE, 0, CHEBYSMEV ACCELERATION 

WELL NOT B E  DONE ON OUTEX ITERATIONS 
AS THE AUTQHBTED PROCEDURE) 

OPTION TO REESTIMATE OVERRELAXATICN FACTORS BY 
L 1  NOR!¶ FOR ZERO SOURCE PROBLEH, S P E C I A L  I N N E R  
I T E R B T I O N S  ARE DONE (MAKE LARGE Til OVERRIDE 

THE AWTQHATED PROCEDURE UHTCH EMPLOYS T H I S )  
I N P T I A L I Z A T I O N  O P T I O N S  F O R  PaOCEDURES, CHOICE OF 

OVEBRXLAXITION C O E F F I C I E N T S  AND I T E R A T I O N S  
- 2  DQNT DO ONE-DIMENSIONAL CALCULATION 

- 1  DONT USE 1-D OVERRELAXATZON C O E F F I C I E N T S  
0- USE AUTOMATED PROCEDURE, SOLVES I-D PROBLEES 

FOR IWTTIALPZATIQU 

CMEBYSHEV C O E F P I C I E N T S  ON OUTEU I T E R A T I O N S  
I F  THE PBIiPlBER OF I N N E R S  I S  .LT. 5 
EXCEPT WHEN CHEBYSHEV F L U X  ON QUTERS 

1- SANE IS 0 BUT DO BOT CMBEPSHEV 
OVERRELAXLTION C O E F F I C I E N T S  

2- FIT THE N U M B E R  OF INNER I T E R A T I O N S  
3- FIX NUHBER 0P I N N E R S ,  NO CHEBYSHEV 
4- P I X E D  I N N E R S  AND I H H T T A L  C O E F F I C I E N T S  
5- FIXED INNERS AND C O E F F I C I E N T S ,  NO CHEBYSHEV 
6- SARE AS 0 BUT DONT USE 1-D C O E F F I C I E N T S  
7 -  SA#E AS 5 BUT’ DONT USE 1 - D  C O E F F I C I E N T S  

-1 NORHBL ORDERED 
IWNERITERATION SWEEP ORDEU 

0 AUTORATED (SIGHA-1 I F  AVAILABLE, USUALLY) 
1 S I G M A - 1  ORDERED IF AVAILABLE 

OUTER LTERkTXBN CHEBYCHEV ACCELERBTIOM OPTIONS 
.LT, 0 START AT T H I S  I T E R A T I O N  
0- USE AUTOMATED PROCEDURE 
1- APPLY ONLY AFTER THE F I R S T  EXTRAPOLATION 
2- APPLY CONTINUOUSLY FROB THE START 
3- DONT APPLY THE PROCESS 
.GT. 100- TIIE PROCESS IS STARTED AT ITERATION 

I X g 2 5 ) - 1 Q Q  USING A N  L I  N O R H  EIGENVALUE 
ASYMPTOTIC ODTERZTERITION EXTRAPOLATION OPTIONS 

- 1  S I N G L E  ERROR ?!IODE ONLY 
0- USE AUTOHATED PROCEDURE 
1- S I N G L E  ERROR MODE USING DATA FOR ALTERNATE 

I T E R A T I O N S  
2- NOT ALLOWED 
3-  #E ARE TRYING TO F I G U R E  OUT WHAT T H I S  DOES 

FORCED DELAY I N  ASYMPTOTIC EXTR IPOLATION 
I- NOT A L L O V E D  FOR T H I S  H A N Y  OUTER I T E H A T I O N S  
( I F  HEGATIVE, A FORCED PROCEDURE MAP BE 
EK ECUTED EIBLIEB 1 

CN E D I T S  GENERALLY ARE NOT DONE UBEN FLAG I S  Z E X O  
c 
CD 1 x f 2 a )  OPTION F O R  CONDElSED E D I T  (TERFIINAL) IF .GT. 1 

(CONTI 
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CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

I X  (29) 

I X ( 3 0 ]  

I X  (31) 

I X  (32) 
I X  f33f 

I X  437)  

I X  ( 3 8 )  
IX (39 )  
I X  (40) 

I X  (35) 

IX (41) 
I X  (42) 
I X  [YU) 

I X  (45) 

I X  (46) 

I X  (UT) 

O P T I O N  TO EDIT THE P R I N C I P A L  BACRCSCOPIC 
CROSS S E C T I O N S  BY ZONE 

O P T I O N  TO E D I T  THE BACROSCOPIC SCATTERING 
CROSS SECTIONS BY ZONE 

O P T I O N S  ON I T E R A T I O N  DATA E D I T S  
-1- NO E D I T S  DtlBfNG I T E R A T I O N  
0 ,  OR 1- PRIMARY OUTER I T E R A T I O N  DATA ONLY 
2- GETS D E T A I L S  E D I T E O  FOB TESTXNG 
3- REQUESTS EXTENDED E D I T  FOR DEBUGGING 

O P T I O N  TO E D I T  OVERALL NEUTRON BALANCE BY GROUP 
O P T I O N  TO E D I T  NEUTRON BALANCE EY ZONE 
O P T I O N  TO E D I T  SCALAR NEUTRON FLUX B Y  POINT 
O P T I O N  TO E D I T  ZONE-AVERAGE FLUX EY GROUP 
IF .GT. 1, ALSO E D I T  THE W)IE,GROUP ADJOINT FLUX 
O P T I O N  TO E D I T  POWER DENSITY RAP BY INTERVAL 
O P T I O N  TO E D I T  POWER DENSITY THAVEBSES T H R U  PEAK 
O P T I O N  TO E D I T  lEUTROB DEWSlTY BAP (1/V FLUX 

O P T I O N  TO E D I T  NEUTRON DENSITY T-AVE-SES 
O P T I O N  TO E D I T  SCALAR A D J O I N T  FLUX 
O P T I O N  TO E D I T  ATOUIC D E N S I T I E S  VHEN SEARCHING 

WEIGHTING) 

0- UO E D I T  
1- P I I N I I C J R  E D I T  AT END 
2- H A X X f f U M  E D I T  DURING CALCULATION 

PERTURBATION O P T I O N S  - I?? NEGATIVE, FILES RTFLUX 
A N D  ATFLUX ARE S U P P L I E D  A N D  NO NEUTBONICS 
CALCULATXQN I S  DONE - OTHERWISE TflE BEEOLAR 
AND/OR ADJOINT SOLUTION IS  OBTAINED AS 
S P E C I F I E D  ABOVE AND E I T H E R  FLUX F I L E  NOT 
GENERATED nUST B E  S U P P L I E D  

0-  NO PERTURBATION CALCULATION 
1 - CALCULATE AND E D I T  BASXC REGULAR*ADJOI #T 

FLUX INTEGRALS EXCEPT TRANSPORT 
2- ALSO CALCULATE ABD EDXT TRANSPORT INTEGRALS 

(REQUIRED FOR CQBPLETE PERTURBATION EFFECT)  
3- ALSO E D I T  MACROSCOPIC ABSORPTION CROSS 

SECTION SPACE POINT IHPOBTANCE MAP 
4-  ALSO E D I T  MACROSCOPIC PBODUCTIOI CROSS 

SECTION SPACE P O I U T  IUPOBTANCE RAP 
PLUS ABS-PROD HAP 

5- ALSO E D I T  l / V  SPACE POLIT  INPQPTANCE HAP 
E D I T  RESULTS F O P  A 100 PERCENT CHANGE IN HkCWQ 

O P T I O N  TO WRITE P O I N T  FLUX VALUES FOR EXPOSURE 
CROSS SECTIONS, ONLY I F  I X  (45) .NE,Q 

(EXERCISED ONLY IF IX(53)  .GT. 0)  
.GT. o URITE DATA POB POINTS IN T n s s  Z W E  
- 1  WRITE ONLY THE SPECTBUM FOR THE POIST UHEKE 

THE PQUER D E I S I T P  I S  A MAXIBOLI I l P I T I A L L l I  

THE POWER DENSITY I S  A B R X I B a H  I N I T I A L L Y  
-3 WKITE ONLY THE SPECTRUM POOR THE P O I N T  WHERE 

THE PIEST CROUP PLUX IS A t4IkXXHQH I N I T X A L L P  

-2  WRITE DATA FOB THE P O I N T S  IN THE ZONE UHEBE 

(COUT) 

. , . . . . . . . . 
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CD 
CD 
C: 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
c 
CN 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CB 
CB 
CD 
CD 
C 
C- - 

IX (Y8) 

I X  (119) 

I X  ( 5 1 )  

-(E WRITE DATA FOR T H E  P O I N T S  IN THE ZONE WHPRE 
T H E  FTRSP GROUP FLUX IS A HAXTHWH I N I T I A L L Y  

. L T . - 4  WRITE SPFCTRUH P O R  THIS RESH POINT 

VALUES ARE T3 B E  W R I T T E N  FOR EXPOSURE I F  . G T .  0 
A N O T H E R  Z O N E  N U R E E R  FOR WHrcR T H E  P O I N T  F L U X  

OPTIOH T3 EDIT T8E DIRFCT CONTRIBUTION T O  CHANGE 
IN CONVERSION RATIO FROH U N I T  CHANGE I N  FERTILE 

CAPTDRE AND F I S S I L E  A B  SOPPTTON ( E A C R O S C O P P C )  
OPTION TO URTTE T B F  P O I N T  SCALAR FLUX F I L E  

0 -  NO 
1- S E U R I T E  THE L A T E S T  V E R S I O N  OF & N  OLD PTLE 

2-  8 9 I T E  NEW P H L P  
(IF THERE I S  NONE, R R P E  A NEW ONE]  

OPTIONS ABOVE WBE T Y P I C A L  POR EACH P I L E  COVERED BELOW 

I X  ( 5 2 )  
IX (53) 
IX (54) 
IX (55) 

I X  (56) 
I X  (57) 

IX (58) 

I X  ( 5 9 )  

IX (60)  

E X  (61) 

TI ( 6 2 )  
IX ( 6 3 )  

IX (70) 

I X  ( 9 3 )  

OPTION TO W R I T E  T H E  POINT FISSION S O U R C E  PILE 
OPTTON T3 W R I T E  ZONE-AVERAGE SCALAR FLUX F T E E  
O P T I O N  TO WRPI'S POINT POWER DENSITY F I L E  
WRITE THE CONVERSION R R T I O  A D J O I N T  1 HPORTANCE 

.GT.O- W R I T E  C O E I B I N E D  FILE: [ H A S  NEGATIVE D A T A )  

.LT.Ci- WRITE TWO F I L E S ,  ALL P O S I T I V E  
OPTION T O  WRITE T H E  ZONE POWSR D E N S I T Y  P I L E  
O P T I O N  T 3  WRITE" THE ADJOINT ZONE AVERAGE FLUX 

OPTION T3 WRITE SCALAR A D J O P N T  FLUX P I L E  
A P P L I C A B L E  O N L Y  ICP A N  A D J O I N T  P R O S L E B  H A S  DONE 

O P T I O N  TO W R I T E  PERTU RBATTOH INTEGRALS ON P I L E  
PERTUB. I X ( u 5 )  RUST BE NOH-ZERO. TRANSPORT 
I N T E G R A L S  ARE I N C L U D E D  IF A B S  ( I K ( U 5 ) )  GT 2. 

( L O G I C A L  4) AT THE EKD OF A C A S E  - SEE S E C T I O N  204 
O F  THE VENTURE R E P O R T  

ARE TO B E  CALCULATED 

FIXED S O U R C E  F I L E  [ A L W A Y S  ADDS A P I L E  O R  TWO) 

P I L E  A Z P L U X  

O P T I O N  T O  WPITE S P E C I A L  POXPIA?TED DATA FILE 

A P L 9 N E  NUNBER AT WFIICW Z O N E  A I D  G R O U P  B U C K L I N G S  

A SECOND PLANE NWbiBER F O R  T H E  BUCRLrWG CALCULATION 
OPTTON T3 WRITE A PO1NTWlS;E PLXED SOOBCE: FILE 

FORCE DATA TRANSFER IN I W I P I A E I Z W T T O N  (TO TEST 

OVERRIDE DEFAULT OF PILES T O  P'IEHORI ( T O  T E S T  

AS (DB**'2) TIEZS FLUX 

PROCEDURES) 

P R O C E DU R E S) 

c----.-------------.-------.- .---------------------------------------------- 
CR REACTION RATE NODULE I N S T R D C T I O N S  
C 
C 1, SRTPNS, ( X X l I )  ,I=1,100), ( I X ( l b  ,1=1,100) 
C 
CW 1 0 1 * I I U L T  4 1 0 0  
C 
CD R R T I N S  R E A C T I O N  R A T E  EODULE DATA IDENTIFIER ( 6 H R R T I W S )  
CD 
CC NOTE- UNDEFINED DATA A R E  R E S E R V E D  FOF FUTURE USE. 
CC NOTE- TEE V A L U E  OF Z E R O  I S  A DEFAULT EEANING THAT THE OPTION TO 
cc PERFORB THE TASK I S  NOT EXERCISED. C O N S P D E R A B L E  D A T A  
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. ...... 
CC 
cc 
CC 
CC 
CD 
CD 
CD 
C 
CD 
CD 
CD 
cc 
cc 
CD 
CD 
CD 
CD 
CC 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
cn 
ca 
ED 
C 
CM 
C 
CD 
CD 
cE) 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

HANDLING M A Y  BE INVOLVED A N D  MUCH P A P E P  PRINTED, SO CARE 
SHOULD BE TAKEN TO OBTAIN ONLY THOSE RESULTS NEEDED, 

NOTE- QOITE GENERALLY THE F L L E S  - N D X S B P -  A N D  -2NATDN- ARE NEEDED 
A N D  USUALLY - G R U P X S -  

X X  ( I )  D E S I R E D  POWER LEVEL IF ION-ZERO (USOALLY H E N )  
x x  (31 WEIGHTING FACTOR D I S C U S S E D  BELOW 
x x  (4) WEIGHTING FACTOR DISCUSSED BELOW 

1 x 4 3 1  OPTION TO E D I T  PHOGHANMER I N F O R H A T I Q N  FOR D E B U G G I N G  
IX 461 OPTION TO CONPUTE A N D  EDIT REACTION RATES, 

NOTE- INDEPENDENT OF THE O P T I O N S  WHICH FOLLOW, SUklflART TACLBS 

n:X(9) OPTION T O  EDIT BY ZONE AND S O B Z O N E  FOR EACH UHEQ 

INVENTORIES,  A N D  FORER PRODUCTION 

A R E  ALWAYS EDITED O N  THIS OPTION 

NUCLIDE NAME 
1 - YES [WILL B E  DONE QNkH IF T H E B E  ARE 

SUBZOt4ES)  
NOTE- IN T H I S  E D I T ,  ZONE RESULTS EXCLUDE SUBZONF CQWTRHBUTIONS 
IX 410) OPTION TO EDIT BY ZONE POX EACH IJHIQUE NlJCLSDE MAHE 

NOTE - ZONES WTLL I1CLUDE S U B Z O N E  C O N T R l B n T I O H S  
LX (71) OPTION TO E D I T  BY ZONE CLASS FOR EACH U N I Q W E  

NUCLIDE NAME 
IX (14) OPTION TO WEIGHT S t T # # A R X  REACTION R A T E S  33I NUCLTIiE 

ENERGY GE HI? R A T I O N  
1- FXSSIQN ENERGY O N L Y  
2- F I S S I O N  PLUS CAPTUBE ENERGY 

R E I G B T I N G S  ( S U M M A R Y  TABLES ONLY) 
1- BY NET NEfJTRON ~~~~~~T~~~ ~~~~~~~~~~~~ flIHf%DS 

2- BY CAPTURE RATE Xi? F E R T I L E  A N D  ABSOEPTTON 

I X  175) OPTION FOR ADDITIOMAL RESULTS WITH A ~ ~ ~ ~ ~ ~ ~ I ~ ~  

AB S O B P T I  OH) 

RATE IF F I S S I L E  
I X ( 1 6 )  REPEAT THE CALCULATIONS OF BEACTIOM R A T E S  INDICATED 

ABOVE ( I X ( 6 )  ,GT.OJ USING FLUX,  ADJCiINT UEIGHTING 
REQUXRING F I L E  -PERTOE- 

THE BOLLOWING ARE PRELIMINARY, NOT I H P E E H E N T E G  

IX (21) OPTIQN TO E D I T  REACTIOPa RATE PiAPS USING F I L E  -BTPL,OX 
,GT.O- SPECIFIES A PLANE OF A 3-D PROBLEM OR 

-1- THE PLANE QR BOW I S  TO CONTAIN T B E  
A ROW OF A 2-D PBUB'LEM 

LOCATION Q P  t 4 A X I f l t i f 4  POWER DENSITY 
I X  (22)  HAP P R I N C I P A L  REACTION RATES P O B  F I S S I L E  NUCLIDES 

1- ABSORPTION 

3- CAPTURE AND FISSXQN 
4- CAPTURE, FISSION AND FRODUCTION PER 

2- BBSORPTION A N D  e R o D U m r o N  

A B S O R P T I O N  
1.9 ( 2 3 )  HhP FRINCXPAL R E A C T I O N  PATES FOR PEWTILE N B C L I D E S  

1- CAPTURE 
2- ABSORPTION ONLY 

II (24) HAP ABSORPTION RATES FOR NUCLIDES O F  T H I S  c ~ a s s  
IX (26) REPEAT THE H A P P I N G  VITW W E I G W T X N G  ON ADJOINT FLUX 

(CQNT) 



CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
ca 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CQ 
CD 
C 
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USING F I L E  -PERTUB 

CHANGES I N  F I S S I L E  NUCLIDE CONCENTRATIONS 

CHANGES IN F E R T I L E  NUCLIDE CONCENTRATIONS 

CHANGES IN NUCLIDE CONCENTRATIONS O F  THIS CLASS 

FLUX, ADJOINT WEIGHTING USING PILE -PERTUB- A N D  
-DL AYXS- 

I X  (41) OPTION TO COLLAPSE CROSS SECTIONS IN ENERGY, F I L E  
-1SOTXS-TO-ISOTXS- USING THE ENERGY STRUCTDRE 
GIVEN AS GROUP LOWER BOUNDS DESCENDING EV, DATA 
I N  ARRAY X X  STARTING AT XX(Z1) TERflINATING WITH 
A ZERO ENTRY FOR THE LAST GROUP 
1- PRODUCE MACROSCOPIC CROSS SECTIONS F O R  PSEUDO 

DENSITY UNITY FOR EACH ZONE, FLUX WEIGHTED 
2- PRODUCE ONE-TO-ONE AOOCLIDE DATA ONLY FOR THE 

ONES H A V I N G  WON-ZERO CONCENTRATIONS WITH FLUX 
WEIGHTING USING F I L E  -RZPLOX- 

REQUIRING P I L E  -PE%TUB- 

I X  (31 )  OPTION TO E D I T  REACTIVITY C O E F F I C I E N T S  FOR UNIT 

I X  (32) OPTION TO E D I T  REACTIVITY C O E F F I C I E N T S  FOR UNIT 

IX 133) OPTION TO E D I T  REACTIVITY COEFPICXENTS FOR ONfT 

I X  (37) OPTION TO PRODUCE QELAFED I E O T B O N  P E O P B R T I E S  WITH 

3- SAWE AS 2 EXCEPT FLUX, A D J O I N T  

IX ( 5 1 )  OPTION TO GENERATE 71 DESTWJBOTEU NEUTRON SOURCE F I L E  
-FXXSBC-  U S I N G  FLUX PROH -RTPLUX- 
1 -  TOTAL PRODUCTIONS FROM F I S S I O N  BULTXPLIED BY 

X X ( 3 )  NORHALIZED TO A TOTAL OF X X ( 3 ) * X X ( 4 )  
IF XX( I1)  I S  NOW ZERO, X X ( 3 )  SET TO UNITY IF 0 

-DLAYXS- 

FAMILY OF LONGEST HALF L I F E  (ASSUflES D I S T I N C T  
ONE A P P L I E S )  USING P I L E  -DLAYXS- 

2- TOTAL DELAYED NEUTRON SOURCE USING F I L E  

3- ASYMPTOTIC DELAYED NEUTRON SOURCE USING THE 

I X  (52) O P T I O N  TO GENERATE A ZONE-GROUP DISTRIBUTED SOURCE 
P I L E  -PIXSRC- U S I N G  ZONE AVERAGE FLUX F I L E  
-RZFCUX- ( S E E  OPTIONS IHHEDTATELY ABOVE) 

CR CLCSURE 
C 
CL BLANKl, ( X X ( I ) , I = 1 , 1 0 0 )  , ( I X ( I )  ,1=1,100) 
C 
C 
CD BLANK1 END OF F I L E  I D E N T I F r E R  ( 6 H  ) O R  (6HBLAWK ) 

CEOP 
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C++*+*****+************~****************~~**************~~****+*******~****~**** 
CN DATE 1- 1-76 (REFERENCE TO 11-26-78) 
c 
C F  PEB'IUB 
C E  PERTURBATION DATA - REGULAR A N D  ADJOINT FLUX INTEGRALS 
C 
C***+**************h0rl(r*+*****+************ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
CL HNAME, ( H U S E ( I ) , I = 1 , 2 )  , I V E R S  
c 
CW 3*MULT + 1 
c 
CD HNAPlE HOLLERITH F I L E  NAME - PERTUB - (A6) 
CD HUSE HOLLERITH USER I D E N T I F I C A T I O N  - (A6) 
CD I V E R S  F I L E  VERSION NUMBER 

CR 
c 
C L  
C 
cw 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
C 
C 

F I L E  REFERENCE INFORHATION 

BIGDAD, X K  rCR8 X1, NZONE , NEROUP, I ND, N 1 ,  N 2 , N 3  N Q  

11 

BIGDAD 

EK 
CR 
X I  
NZONE 
NGROUP 
I BD 
N 1  

N 2  
N 3  
N4 

BIG-DADDY NOBMALIZATION FACTOR 

MUILTI P L I C A T I O N  FACTOR ( K- E F F )  
P R I F l I T I V E  F I S S I L E  CONVERSION RATIO 
ABSORPTION RhTE I N  F I S S I L E  NUCLIDES 
NUMBER O F  GEOMETRIC ZONES 
NUMBER OF NEQTRON ENERGY GBOUPS 
O P T I O N  FOR INCLUDING TRANSPORT INTEGRALS 
FLAG O N  PBOBLEFl T Y P E S  - 

INTEGE AL ADJOINT *CHI* FORW ARD* NUSIGP/K 

0- MEANING NO PROBLEMS UERE SOLVED, OR THEY 

1 I S  ADDED TO T H I S  I F  A F I X E D  SOURCE FORWARD 

10 I S  ADDED TO T H I S  I F  A F I X E D  SOURCE ADJOINT 

WERE EIGENVALUE PROBLEMS 

PROBLEM U A S  SOLVED 

PBOBLEH W A S  SOLVED 
RESERVED FOR FUTURE USE 
RESERVED FOR FUTURE USE 
RESERVED FOR FUTURE USE 

(CONT) 
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CEOF 

(CONT) 



c- - 
CR 
C 
CL 
C 
CW 
c 
C D  
CD 
CD 
CD 
C 
CN 
c 
c- - 

HNAME 
HOSE (1) 
IVEBS 

HCILLERITH P I L E  NAHE - BSTRTR - (A6) 
H O L L E R I T H  USER i B E N T X F I C A T X O N  (2  A 6 )  
F I L E  V E R S I O N  NUMBER 

V E R S I O N  1 R E S E R V E D  FOB VENTURE 

HULT 1 F O R  LONG WORD, 2 FOR SHORT WORD H1AC'HINES 

C 
C D  NFIl - N P I 3  F I L E  I D E N T I F I C A T I O N  F L A G S  
cD N l  - N5 R E S E R V E D  
CD N R 1  NUMBER OF R E C O R D S  OF TYPE 1 DATA 

CD LZ LENGTH OF ALL RECORDS O f  TYPE 2 DATA 
c 
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

ca 182 N U M B E R  OF RECORDS a P  TYPE 2 DATA 

CR RECORD LENGTHS OF TYPE 9 DATA 
c 
CL (NWIR (J) , & I ,  NRl) 
c 
CW N E 1  
6 
CD N Y I R ( J )  N U M B E B  O F  WORDS I N  TYPE 1 DATA BECORD RECORD J 
c c - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
CR R E S T A R T  DATA RECORDS,  TYPE 7 
c 

c 
cw H 8  WHICH I S  NWIRRJ) F O R  RECORD S E Q U E N C E  J , N A I  RECCRQS 
c 
CD D A R S ( 1 )  CODE DEPENDENT RECOVERY DATA A R R A Y  T Y P E  1 

C L  (DARS (I)  81=1, M) 

(COWT) 



C 
CW L2, N R 2  RECORDS 

CEOP 

CR F I L E  I D E N T I F I C A T I O N  
C 
CL PINABE, (HOSE(I),I=1,2) ,IVERS 
cw 3+1lULT + 1 
c 
CD HNAME HOLLERITH F I L E  NAME - P I S S O R  - ( A 6 )  
C D  HOSE HOLLERITH USER I D E N T I F I C A T I O N  ( A 6 )  
CD I V E R S  F I L E  VERSION H U H B E R  

e 
cw 9 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

T I B E  
POWER 

KEPP 
It9 
JR 
K R  

REFERENCE REAL T I H E ,  D A Y S  
POWER LEVEL FOR ACTUAL NEUTRONICS P R O B G E X ,  

MULTIPLICATION PACTOR 
NUMBER OF F I R S T  DIElENSION P I N E  INTERVALS 
NUMBER OF SECOND DIHENSXOM PPplE INTERVALS 
NUMBER OF THIRD D f f i E N S I B N  F I N E  INTERVALS 

WATTS THERPIAL 

(CONT) 
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- .... 

C 
CD CHIM(N,K) SOURCE O F  NEUTRONS I N  GROUP K, ZONE N 

CEOP 

C*C*C*C*C*C*C*C*e*C~*C*c*~*c*c*c*c*c*c*c*c*c*C*C*CC*C*C*C*C*C*C*c*C*C*C 
C 
C THE FOLLOWING DOCUMENTS HOW A S P E C I A L  F I L E  I S  WRITTEN I N  BCD 
C FOR TRANSHISSION OF THE H A I N  RESULTS FROM A neUtrOnlCS P r o b l e m  
C TO ANCTHER INSTALLATION I N  A S I N G L E  F I L E ,  COMPLETE WITH THE 
C E S S E N T I A L  DOCUHENTING INFORHRTION 
C 
C***************** D E F I N I T I O N S  * * * * + * * C * * * * + * * * * * * * * * * * * * * * * * * * * * * * * x * * *  

C IGOM GEOIIETRY 
C NZONE NUMBER O F  ZONES 
C NREG NUMBER O F  REGIONS 
C N ZCL NUMBER O F  ZONE C L A S S I F I C A T I O N S  
C N C I N T I  NUMBER O F  F I R S T  DIflENSION COARSE HESH INTERVALS 
C N C I  MTS NUMBER O F  SECOND DIMENSION COARSE MESH INTERVALS 
C NCINTK NUMBER OF THIRD DIMENSION COARSE MESB INTERVALS 
C N I N T I  , I M  NUHBER OF F I R S T  DIUENSION F I N E  MESH INTERVALS 
C NINTJ, J M NUHBER OF SECOND DIMEHSION P I N E  MESH INTERVALS 
C N INTK , K H NUMBER O F  THIRD DIMENSION F I N E  BESH INTERVALS 
C I BBL F I R S T  BOUNDARY INDICATOR ON F I R S T  DIMENSION 
C I U B R  LAST BOUNDARY INDICATOR ON F I R S T  DICiljENSION 
C J llBT F I R S T  BOUNDARY INDICATOR ON SECOND DIMENSION 
C J MBB LAST BOUNDARY INDICATOR ON SECOND DIEIENSION 
C K BBF F I R S T  BOUNDARY INDICATOR OW THIRD DIMENSION 
C KHBR LAST BOUNDARY INDICATOR ON T H I R D  DIMENSION 

(CONT) 
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C 
c 
C 
c 
% 
C 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
c 
c 
e 
C 
c 
c 
C 
C 
C 
c 
C 
C 
C 
c 
C 
C 
C 
c 

e 

N ES 
N B C S  
NIBCS 
NZWBB 
WTRIAG 
N R A S S  
NGOP 
XHIESH 
YiYESH 
Z K E S H  
IPLNTS 

JPXITS 

K F I WT 5 

V C L R  
B SQ 
B IDC 
SMCI 
NZHBB 
WZC 
NZME 
N R  

T M E  
POWER 
vox, 
N CY 
E YR 
B DIM 
NGRDUP 
ITER 
&PFK 
PREG 

%UMBER OF BUCKLING SPECIPICATPOWS 
MUiYBER OF C O l S X A N T S  FOR EXTERNAL B O U N D A R I E S  
BUHIBER O F  C O N S B A N P S  FOR ENTERNPIC B O U N D A R I E S  
UOESER OF Z O N E S  WHICH ARE BLACK A B S O R R P h S  
TRPAGlSNhZ GEOMEPXY O P T I O N  
REGION A S S I G N B E N T  OPTION 
NOT U S E D  
COARSE HESII B O U N D A R I E S ,  F I R S T  D I H E N S I O N  
COARSE MESB B O U N D A R I E S ,  SECOND D I H E N S I O I  
COARSE HESH B O U N D A B % @ S ,  T H I R D  D I H C N S I C N  
N U M B E R  OF FlNE MESH INTERVALS P E R  COARSE HESH 

I N T E R V A L ,  F I R S T  D T H E N S I O N  
EuiPIBER OF P I N E  RES%% INTERVALS PER C O A R S F  61ESB 

I N T E R V A L ,  SECOND B I H E H S I O N  
NUFIBER OF F I I E  NESB HNTEB'SBLS PER CORRSE MESH 
I N TE R V AE TH 1 R i) DI tlE NS IO# 

REGION VOEUMAS 
RUC K Li N G V A I.UE S 
W U N D A R P  C O N S T A N T S  
THT E REI PC 1. R 1. ACR B 0 0 iu' D I\R Y CO fiS 'T A N'I S 
ZONE N U M B E R S  aiITA BLACK ABSORBER CQNDITIONS 
7x) N E C LA S S I  F I C  AT I O N  S 
ZONE N U M B E R  A S S I G N E D  TO EACH R E G I O N  
R E G I O N  A S S I G N H E N T S  TO WESk 1ITF:RVIIZS 

I F  N B A S S  E Q  0 C O k B S E  HCSH 
IF W R A S S  R Q  1 F I N E  HESH (ALWAYS T H I S  O P T I Q N )  

GBFEBENCE R E A L  TIHE 
WWER LEVEL 
VOEUHE O V E R  WJICH 2051EB WAS DETERPIINED 
REFERENCE COUNT [CYCLE NePtlBEEI) 
F a R E R  DEKSLTY 
RUFiBER O F  D I B E N S T O N S  
t(7SSBER OF E N E R G Y  GROOPS 
OGTER I T E B A T T O E  NUEBEB A T  WHXCH FLUX BAS WBXTTEH 
EFFECTIVE MULTIPLICATBON F I C T O B  
REGOLfiB T B T A I ,  FLUX 
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NCBNDK = NCINTK + 1 
READ ( I S A V 0 1 0 Q 3 )  (ZMESH (K)  ,K=l, NCBNDK) 
R E A D [ I S A V , 1 0 0 2 )  ( I P I N T S  (I) ,I=?, N C I N T I )  
READ [ I S A V .  100 2) ( J F I N T S  (J) , J=1, I C I N T J )  
R E A D  ( I S  AV.1002) ( K P I N T S  (K) , K= 1 NCINTK) 
R E A D  ( I S  AB,1003) (VOLR (Z) ,L= 1 NREG) 
READ[ISAV,1003)  ( B S Q ( N )  , N = l , N B S )  
8 E A D  (IS A V  10 0 3) (B NDC [ N) N= 1 NBCS) 
R E  AD ( I S  RV 10 0 3) 
IP(NZWBB.LE.0)  G O  T O  100 

( BNCT ( N) N= 1 I NI BCS) 

R E A D  ( I S  A V e l O O  2) (NZHBB ( N )  , N = 1 #  NZWBB) 
100 CONTIHUE 

READ(ISAY.1002) (HZC (H)  , f i = l , N Z O N E )  
R E B D ( I S A V , 1 0 0 2 )  (NZNR (t) , L = I , N R E G )  
IY(NRASS,GT.O)  GO TO 101 
I1 = NCIN'II  
JJ  = NCINTY 
K R  = NCIN'IR 
GC TO 1 0 2  

I1 = N I N T I  

K K  = NINTK 

DC 103 K = l , K K  
DO 104 S=1,3S 
R E A D ( I S A V , 1 0 0 2 )  (MB (I) , I = 1 , I I )  

101 CONTIBIIE 

J a  = RrtiTa 

1 0 2  CONTINUE 

104 COHTINQE 
103 CCNTINIIE 

C END INTERFACE GEODST 
C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C START INTERFACE PWDINT 
c 

C 18 = N I l l T I  
C J H  = NPN'IJ 
C R U  = WINTK 

READ ( I S  A V ,  100 4) T I  FIE, POWE R e  BQL 8 Ifl, J H  , Ktl NCY 

D O  105 K = I , K H  
DC 106 J=l,JEl 
R E A D ( I S A V , 1 0 0 3 )  (PWR (I) . I=l  , I n )  

106 CONTINOE 
105 CONTINUE 

c 
c END INTERFACE PWDINT 
c 
C * * * * * * * * 9 * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

c 
c START INTERFACE RTFLUX 
c 

READ (ISAV,100 5 )  
DC 107 K=l ,NINTK 
DO 108 N=l,IiGROUP 

N D I  H. NGROUP. NINTL,NXNTJ I NINTK,ITER,EFFK,POWER 

(CONT) 

- ..... 
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BC, 109 J=l,NXNT.-P 
READ(ISAV,1003) ( P R E G  (I) , I = 1 , N Z N T I )  

109  CCNTINCIE 
108 C O N T I N U E  
107 CONTINUE 

C 
C END I N T E R F A C E  RTFEUX 
c 
Cf* ** 4 *  4*  ** ** *t *+* * ** ** ** * * * ** *** t* ***+ **** 8 t** ** ** ** **+ **** * *+* * ** ** ** * 

SEARCH File Addition; - 
The s p e c i f i c a t i o n  NRCII(1) > 0 is  used to i n d i c a t e  t h a t  macroscopic 

c r o s s  s e c t i o n s  are t o  be reea lcu laked  dur ing  a direct :  search.  Option 

NRCM(2) i n d i c a t e s  secondary search  specifications (reference set) to be 

used if the s p e c i f i e d  c o n s t r a i n t s  on t h e  search eigenvalue are net satis- 

fied using the primary search da ta .  

FIXSCR P i l e  Addit ions 

In clae local implementation, a €%xed source may be  given by zone and 

energy. By setting IDIST = 2 and NDCOMP =: NZONE ( i n  t h e  1D r eco rd ) ,  t h e  

input p x o c e s ~ ~ r  w i l l .  read a 100 record ((ZSOR (L,N),L=1, NDCOPP) ,  N =: 1, 

NGROUP), NZONE being the number of zone3 and NGROUP t he  number of groups.  

END OF SECTION 
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Section 205: Overlay of Blocks of Program 

For e f f e c t i v e  use  of t h e  computer memory, groups o f  subrout ines  musf 

be brought from a u x i l i a r y  s t o r a g e  when needed and l a i d  over  o t h e r s  no 

longer  needed. Shown i n  Fig.  205-1 i s  a l i s t i n g  of t h e  cards  which 

are recommended f o r  execut ion on an IBM machine t o  provide  ove r l ay  

i n s t r u c t i o n s  t o  t h e  loader .  The main program resides i n  memory along 

with any subrout ines  (and l a b e l  conmion) no t  ass igned  t o  an over lay  l e v e l .  

Control t o  t h e  lowest l e v e l  must be r e s i d e n t  f o r  r e t u r n  through t h e  

c a l l i n g  r o u t i n e s  without  input  of program. Thus t h e  spec iEica t io i i s  

i d e n t i f y  groups of subrout ines  a long  any access sequence, con t ro l  

pass ing  t o  l e v e l  D ,  then  l e v e l  E ,  etc.  Blocks of program assigned 

( '7 inser ted t '  a t )  t h e  same l eve l  s h a r e  s t o r a g e ;  t h e  s t o r a g e  requirement 

f o r  program i s  t h e  sum o f  t h e  maximum requirements a t  each l e v e l .  
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F I G U R E  205-1. PHOGRAM OVERLAP STHUCTTJHE 

THE Y O L 1 . 0 8 X N G  LISTING SIiOHS THE COB8UN TCATION T H R O U G H  THE HOOTZTEES 
ITTI - ;  TWO LEFELES OF O V E R L A Y ,  D A N D  E. IN A D D l T X O N ,  THE FOLLOWPIG R O U T I N E S  
(AND LAAkL C O H M 8 N  BLOCKS) ARE I N  T H E  R O O T  SEGl'lEWT. 

K 4  1 N , DR% V , D i  FY , 5 KE R, PE W R  , ST OR, N RO D, DOPC, S E ER , R IT E CR IT , TI HEX, D EP IEE 
CT.OSCA 

END OF S E C T I O N  205 
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Section 220: Conversion to Other Computers 

The r e fe rence  code i s  designed f o r  a large-memory, short-word, 

IBM 360 model 360 o r  370 machine. 

code being made ava i l -ab le  f o r  long-word machines ~ which shou1.d be 

obta ined  r a t h e r  than  a t  tempt conversion.  This  d i scuss ion  addresses  

a spec t s  of  t h e  programniing which must r ece ive  a t t e n t i o n  i n  conver t ing  

between machines I Corrmient l i n e s  wi th in  t h e  source deck i -dent i fy  

s p e c i f i c  l o c a t i o n s  i n  the  source language where s p e c i a l  a c t i o n  i s  

r equ i r ed .  

We a n t i c i p a t e  another  vevsi.on of t h e  

On an IBM ma.ehi.ne, much of t h e  c a l c u l a t i o n  i s  done i n  double 

p r e c i s i o n  and c e r t a i n  d a t a  c a r r i e d  a.s long words. On long-word machines ~ 

t h i s  d a t a  should be c a r r i e d  3s r egu la r  length  and t h e  a s soc ia t ed  double 

p r e c i s i o n  ope ra t ions  changed t o  r;i.ngle preci.sion. This change i s  

e s s e n t i a l  t o  minimize s t o r a g e  requirements .  Alphanumeric cha rac t e r s  

a r e  c a r r i e d  i n  t h e  gu i se  of  real. numbers (Ho l l e r i t h )  as A ( 6 )  r e q u i r i n g  

long-word s to rage  011 an TBM machine. 

As a convenience €or conversion,  a rnu l t ip l i e r  i s  c a r r i e d  through 

t h e  rout i .nes ,  NULT o r  NDP or LX(39), which niust be 2 f o r  an IBM machine 

and 1 f o r  lorig-word machines. This  m u l t i p l i e r  a d j u s t s  t h e  lengths  of 

words f o r  short-word s t o r a g e  and manipulat ions avoiding ex tens ive  

reprogramming upon conversion.  

The fol lowing b a s i c  changes are r equ i r ed  f o r  use on a long-word 

machine : 

1. Rerrrove a l l  REAL*S s t a t emen t s .  

2 .  Supply s i n g l e  p r e c i s i o n  l i b r a r y  func t ions ,  e.g., SQRT and EXP 

i n s t e a d  of  DSQRT and D E W .  
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l rc fcrences  Lo "Double P rec i s ion , "  as i n  func t ion  

n s ta tements .  

4 C : a ~ y c  - ~ ( 3 9 )  t o  1 from 2 .  

3 i P a ? g ~  t , e  apostrophes which d e l i m i t  alphanumeric s t r i n g s  i n  FORMA'1 

a i d  1 1  i T A  s Laternents . 
< > "  R F L ~  I ilz subrniut ine I'M3 t o  provide information from t h e  l o c a l  

-.;. 

I C L O C K - -  g ives  cpu time 

I r T I M E  - -  gives  clock time 

MODEL - - g i v e s  computer model 

I D A Y  - -  gives  alphanumeric: Month-Day-Year 

I S T I M E - -  g ives  cpu time remaining 

JOBNUM - .  gives  alphanumeric : Job number 

I O L E F T - -  g ives  t h e  number of  I / O ' s  remaining 

TIME - - gives  alphanuinevic: time o f  day 

" 12 data  access,  t r a n s f e r  requirements inc luding  t h e  dynamic 

opcr 

a11d - fa i i l t i i ig  t h e  f i l e s  t o  be r e s i d e n t  by r ep lac ing  t h e  d a t a  

iiand' ,ig secvice  r o u t i n e s .  

l ' w  r e  l o c a l  c a p a b i l i t y  t o  a l l o c a t e  memory a t  run time, o r  fix 

L~ 2 L l oca t ions  f o r  conta iner  a r r a y s  arid communication. 

ProviJp t h e  irecessary over lay  s t r u c t u r e .  

T; c z .;ernhly language r o u t i n e s  can only be used on compatible IBM 

4 u; t h e  f i l e s  with parameters which are problem dependent 

L L  

e s  (otherwise use t h e  For t ran  source decks) .  

i aray d i sc rcpanc ie s  missed by t h e  IBM compilcr @nd p lease  

re~x i :  t t h i s  inforination back t o  u s ) .  
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Local system r o u t i n e s  would be needed t o  s a t i s f y  j;- 5 ,  I , znld 3 ~ 

un les s  those  suppl ied  are compatible.  

The code i s  used l o c a l l y  as a module of a cornputa 

Ef fec t ing  s t and  a lone  c a p a b i l i t y  should no t  bc hard LIS 

needed inc lud ing  inpu t  d a t a  process ing  c a p a b i l i t y .  I t  

a t t r a c t i v e  t o  implement an equ iva len t  modular system, C;*’e.:-t;, -oy,z 

with t h a t  i n  use a t  O W L ,  o r  adapt t h e  modules i n t o  an 

I n  conver t ing  t h i s  code, cons ide ra t ion  should h e  

s t o r a g e  arid t r a n s f e r  requirements .  I f  l a r g e  problcms xr.~ l o  

even a l a r g e  extended core  cannot conta in  a se t  of  the 

they  should be c a r r i e d  on d i s c .  

so i t  needs t o  be c a r r i e d  i n  even a small memory; slyag 

p a r t i t i o n i n g  t h e  d a t a  a r e  given i n  t h e  source program 

Some of t h e  d a t a  i s  u z b  ~ A L ; L K R ? J ~ ,  

END OF SECTlON 
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Sect ion  225: The Data Handling St l ra tea  

U t i l i z a t i o n  of a s p e c i f i c  computer f a c i l i t y  can be h p r o v e d  hy 

c a r e f u l l y  t a i l o r i n g  t h e  procedure o f  c a l c u l a t i o n .  

i n  so lv ing  l a r g e  problems a r e  the d e t a i l s  of  t r ans - f e r r ing  data t o  and  

from rneiiiory us ing  a u x i l i a r y  s t o r a g e  wi.thi.11 any h ie ra rchy .  

fast memory and slow memory must be a l loca ted  c a r e f u l l y ,  a.nd jud ic i  mis  

choi.ces must  be made between a l t e r n a t i v e s  i x i  b locking t h e  data  and 

t r a n s f e r r i n g  i t  between t h e  ind iv idua l  s t o r a g e  devices .  Modif icat ions 

t o  the procedures  employed i n  t h i s  code may be found d e s i r a b l e .  However, 

t he  capab i . l i t y  of a p a r t i c u l a r  f a c i l i t y  j.n regard  t o  r a t e s  of dat.;3 

t r a n s f e r  and s t o r a g e  must be well  understood, as wel l  a s  the strstegy- 

employed i n  t h i s  code, i f  a modi f ica t ion  wi.1.l e f f e c t  impsovement. A 

d e s c r i p t i o n  i s  given i n  t h i s  s e c t i o n  o f  t h e  s t r a t e g y  used i n  handl ing  

d a t a .  

O f  e r i  t i c a l  importance 

The avni1.abl.e 

Consider an i n t e r n a l  p o i n t  f o r  one energy g’roup i n  a tlnree-di.mensinna1 

rtiultigroup problem. I t  i s  loca ted  on a row of  p i n t s ,  s eve ra l  o f  these 

rows make up a p lane  o f  p o i n t s ,  and t h e  t h i r d  dimension involvcs  a 

series o f  p lanes .  The p o i n t s  are careful ly  arranged so that-  i.n t h e  

usual  or thogonal  coord ina te  s y s t e m ,  each internal .  p o h t  hiis s i x  n e a r e s t  

neighbors ,  two on t h e  row, two on a columri i i l  t h e  p lane ,  and two i n  the 

ad jacent  p lanes .  Space coupl ing y i e l d s  equat ion cons t an t s  r e l a t i n g  t.lie 

f l u x  a t  the r e fe rence  p o i n t  with va lues  a t  n e a r e s t  neighbor l o c a t i o n s .  

Gi.ven t.lie pointwise f i s s i o n  and. i . n sca t t e r ing  source va lues ,  and removal 

terms f o r  absorp t ion  and o u t s c a t t e r i n g ,  t h i s  space problem i s  p a r t i a l l y  

resolved by inne r  i t e r a t i o n  ~ r e c a l c u l a t i o n  of t h e  individual .  f l u x  val.ues 

by applying t h e  equat ions  r epea ted ly  0 x 3 ”  t h e  mesh i n  an ordered fashj.on, 
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During each o u t e r  i t e r a t i o n  t h e  f i s s i o n  source i s  r e c a l c u l a t e d ,  

and f o r  t h e  space  problem a t  each energy group, t h e  s c a t t e r i n g  source  

i s  r e c a l c u l a t e d .  Thus, a t  any space p o i n t  l o c a t i o n ,  f i s s i o n  o r  

s c a t t e r i n g  a t  any energy may produce a source  a t  any o t h e r  energy. A 

f u l l  s c a t t e r i n g  mat r ix  i.s allowed which permits  s c a t t e r i n g  froin any 

group t o  any o t h e r  group; however, o f t e n  t h e r e  i s  only downscatter.  

Thus , t h e  c a l c u l a t i o n  proceeds from t h e  h ighes t  energy downward. Source 

neutrons may be produced by f i s s i o n  a t  any energy, but  t hese  are summed 

t o  g ive  a s i n g l e  space a r r a y  of  t he  t o t a l  f i s s i o n  source with d i s t r i b u t i o n  

of t h i s  i n t o  t h e  ind iv idua l  groups a t  each po in t  i n  space.  

In  one of t h e  modes of d a t a  handl ing ,  t he  f l u x  values  are s t o r e d  on 

a d i r e c t  access  device  with d a t a  f o r  each p lane  s t o r e d  i n  a d i r e c t  access  

record,  ordered by inc reas ing  p lane  number and then by inc reas ing  energy. 

Thus, the d a t a  i s  c a r r i e d  i n  t h e  o rde r  needed :For t h e  inne r  i t e r a t i o n  

process  a t  one energy. Then f o r  t h e  source  c a l c u l a t i o n ,  they may be 

accessed one p lane  a t  a t ime over  energy groups by sk ipping  down through 

t h e  f i l e .  The ind iv idua l  records  may be accessed d i r e c t l y  with a s i n g l e  

r epos i t i on ing  of  t h e  d i s c  head using t h e  c a p a b i l i t y  of  t h e  ope ra t ing  

system t o  account f o r  record  access  p o i n t s .  Upon reading o r  wr i t i ng  

f l u x  va lues ,  they a r e  processed s e q u e n t i a l l y  i n  t h e  forward sense  as 

much as poss ib l e  t o  minimize t h e  aiiiount of  d i s c  head movement. 

With one of t h e  c a l c u l a t i o n a l  procedures ,  one p lane  o f  f l u x  d a t a  

must be t r a n s f e r r e d  intomemory and t h e n e x t  ope ra t ion  involves  wr i t i ng  out  

airother p lane  of  newly c a l c u l a t e d  f l u x  d a t a ,  no t  on ad jacent  p l anes .  To 

r e a l i z e  e f f i c i e n t  d a t a  handl ing ,  t h e  l a s t  i t e r a t e  and t h e  p re sen t  i t e r a t e  

f l u x  values  a r e  c a r r i e d  i n  d i f f e r e n t  f i l e s .  'This permits  s equen t i a l  
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reading  and wr i t i ng .  A t h i r d  f i l e  i s  a l s o  c a r r i e d  because t h e  o u t e r  

i t e r a t i o n  a c c e l e r a t i o n  schemes need t h r e e  success ive  i t e r a t e  s e t s  of 

t h e  f luxes ,  and t h e  c a l c u l a t i o n  proceeds by a l t e r n a t i n g  between t h e  

t h r e e  d i r e c t  access f l u x  f i l e s .  

The equat ion cons t an t s  f o r  space coupl ing and t o t a l  l o s s  a r e  

s t o r e d  on d i s c  as needed, i n i t i a l l y  c a l c u l a t e d  from nucl ide  concentra-  

t i o n s  and microscopic c ros s  s e c t i o n s .  This i s  a d i r e c t  access  f i l e  

which permits  e f f i c i e n t  d a t a  access dur ing  i t e r a t i o n  f o r  whatever mode 

of  d a t a  handl ing  i s  s e l e c t e d .  

The macroscopic s c a t t e r i n g  c ros s  s e c t i o n s  a r e  blocked f o r  a l l  

compositions and energy groups by i n s c a t t e r i n g  group. Thus, t h e  

i n s c a t t e r i n g  source  c a l c u l a t i o n  i s  done by s e q u e n t i a l  p rocess ing  of  

t h i s  d a t a ,  one record read  f o r  each energy group each outer i t e r a t i o n .  

The primary d a t a  handl ing  modes i n  t h e  code are descr ibed  below i n  

t h e  o rde r  of  i nc reas ing  amount o f  d a t a  t r a n s f e r  requi red .  A t  t h e  time 

t h i s  i s  w r i t t e n  t h e r e  a r e  p a r a l l e l  rou t ines  t o  implement seven d i f f e r e n t  

procedures. The important ones are the space stored, the multirow 

s t o r e d  and t h e  mul t ip lane  s t o r e d  mode with provis ion  f o r  mul t i l eve l  

s t o r a g e  t r a n s f e r s .  The a l l - s t o r e d  mode i s  l i t t l e  needed, e s p e c i a l l y  

with t h e  capabi l i ty  t o  default key scratch files to memory and the 

a b i l i t y  t o  s t o r e  t h e  f u l l  f l u x  f i l e  i n  memory when space allows i n  t h e  

space  s t o r e d  mode. ?he row-stored mode f o r  three-dimensional  problems 

is  s o  hope le s s ly  d a t a  t r a n s f e r  bound as t o  be gene ra l ly  an i n e f f e c t i v e  

computer a p p l i c a t i o n .  

r e s t r u c t u r i n g  of  t h e  code t o  real ize  a l l  t h e  ga ins  d e s i r e d  regard ing  

s t o r a g e  use and flow o f  a c a l c u l a t i o n .  

This modi f ica t ion  w i l l  r e q u i r e  a major 
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A l l  Stored Mode ..".. 

For small problems, t h e  equat ion cons t an t s ,  one set  of f l u x  

va lues ,  and t h e  necessary source values  are s to red  i n  t h e  coinputer 

memory. 

Spec ia l  procedures a r e  used f o r  onc -dimensional p r o b l e m .  

The c a l c u l a t i o n  proceeds with very l i t t l e  d a t a  t r a n s f e r .  

Space Stored Mode -__ 

For problems of  moderate s i z e ,  the equat ion cons t an t s ,  t h e  f l u x  

va lues ,  and t h e  necessary  source va lues  a r e  s t o r e d  i n  t he  computer 

memory f o r  t h e  space problem a t  one energy. 

with minimum d a t a  t r a n s f e r ,  bu t  t h e  s c a t t e r i n g  data and f l u x  values  

must be read f o r  t h e  source c a l c u l a t i o n .  When t h c  assigned memory 

space al lows,  a l a t e r  vers ion  of t h e  code may store a l l  o f  t h e  f l u x  

values  i n  t h i s  mode, 

Inner i t e r a t i o n  i s  done 

Multirow Stored Mode - __ . ..... 

For two-dimensionaJ c a l c u l a t i o n s ,  i n  t h i s  mode t h e  space problem 

a t  one energy i s  f u r t h e r  p a r t i t i o n e d  t o  reduce t h c  merriory requirement.  

Data f o r  s eve ra l  rows of f luxes  a r e  s t o r e d  and inlier i t e r a t i o n  proceeds 

with t h e  minimum amount of  d a t a  t r a n s f e r  f o r  a given problem us ing  t h e  

least  ainount of memory necessary .  This  mode of d a t a  handl ing i s  a subset  

of t h a t  descr ibed  i n  more d e t a i l  below. 

Mult iplane Stored Mode and . Mult i leve l  Data Transfer  Mode 

In  t h e s e  modes, d a t a  f o r  s eve ra l  p l a n e s  of a three-dimensional 

problem are s to red  i n  fas t  memory o r  slow meinory. Consider t h e  a r r a y  

o f  mesh p o i n t s  normal t o  rows f o r  an a r b i t r a r y  nuinber o f  columns arid 

p lanes :  



2 2 5 - 5  

Co 1 umn 1 2 3 4 5 

Plane 

..... 

1 

2 

4 

5 

6 

Each do t  r e p r e s e n t s  a row o f  p o i n t s  f o r  which new inne r  i t e r a t i o n  i t e r a t e  

e s t ima tes  of  t h e  f l u x  va lues  w i l l  be  obtained s imultaneously.  The 

c a l c u l a t i o n  proceeds i n  such a way t h a t  t h e  l a t e s t  va lues  a r e  always 

used i n  t h e  c a l c u l a t i o n  i n  t h e  normal ordered sense .  That i s ,  us ing  

t h e  f i rs t  s u b s c r i p t  t o  refer t o  column and t h e  second t o  p lane ,  a f t e r  

f luxes  f o r  row a are obta ined ,  f l u x e s  f o r  rows a and a may be 

c a l c u l a t e d .  Considering t h a t  t h e  c a l c u l a t i o n  proceeds i n  o rde r  ac ross  
1 9 1  1 2 2  2 9 1  

t h e  columns on each p lane  us ing  t h e  l a t e s t  va lues  of  t h e  f l u x e s  obta ined  

f o r  t h e  p lane  above and t h e  column t o  t h e  l e f t ,  t h e  process  may be 

descr ibed  a s  fol lows:  

Plane I t e r a t i o n  

1 1 

2 1 

I 2 

3 1 

2 2 

1 3 

4 1 

3 2 



225- 6 

1 t erat ion 
_I_- 

Plane 

2 3 

1 4 

The procedure i.s as follows after it develops to the stage where n 

planes of data are stored: 

Plane Iteration 

m 1 

111- 1 2 

m- 2 3 

m- 3 4 

m-n- 1 n- 2 

m-n n- 1 

m-n+l n 

Completion of the procedure is as follows, where M is the total 

number of planes: 

Plane Iteration 

M 

M- 1 

M- 2 

M- 3 

M 

n- 3 

n- 2 

n- 1 

n 

n-2 
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Plane I t e r a t i o n  

M- 1 n- 1 

M- 2 n 

M n- 1 

M- 1 n 

M n 

S to r ing  t h e  equat ion  cons t an t s  and source  va lues  f o r  n p lanes  and 

t h e  f l u x  va lues  f o r  n+2 p lanes ,  n i n n e r  i t e r a t i o n s  are done each f u l l  

sweep wi th  one access  of  equat ion  cons t an t s ,  one access  of o ld  f l u x  

va lues ,  and one t r a n s f e r  o f  new f l u x  va lues  f o r  each p lane  of t h e  

problem. 

al lows i n  one sweep, t h e  process  i s  repea ted .  

t r a n s f e r  i s  minimized r e l a t i v e  t o  computation with use of t h e  minimum 

amount o f  memory f o r  t h a t  problem which is  too  l a r g e  t o  be handled i n  

t h e  more e f f i c i e n t  modes above. 

are each s e p a r a t e l y  blocked i n t o  one record f o r  each p lane ,  

more than  one p lane  o f  f l u x  va lues  i n  one record when t h e  amount o f  

memory ass igned  al lows t h i s ,  and probably a l s o  t h e  source ,  i n  an advanced 

ve r s ion .  

I f  more inne r  i t e r a t i o n s  are done than  t h e  a v a i l a b l e  s t o r a g e  

The amount of  d a t a  

Equation cons t an t s  and a l s o  f l u x  va lues  

We may block 

In t h e " m u 1 t i l e v e l d a t a  t r a n s f e r "  mode, d a t a  i s  moved from slow 

memory i n t o  fas t  memory i n  small blocks as needed. 

One Row Stored  Mode 

To handle  t h e  l a r g e s t  p o s s i b l e  problem i n  t h e  minimum amount of 

memory, and y e t  s o l v e  f o r  new va lues  of  t h e  f l u x e s  along a row, t h i s  

mode of  d a t a  handl ing treats only  one row a t  a t ime. I t  a p p l i e s  only 

t o  t h e  three-dimensional  problem ( the  space s t o r e d  mode sat isf ies  
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one-dimensional problem requirements arid t h e  multirow s t o r e d  modc 

s a t i s f i e s  two-dimensional problem requirements) .  Storage i s  a l l o c a t e d  

f o r  t h e  necessary f i u c  rows o f  f l u x  values  and equat ion c o e f f i c i e n t s  

a s soc ia t ed  with one row. The c a l c u l a t i o n  proceeds ac ross  t h e  space 

nesh each inne r  i t e r a t i o i l .  Ca lcu la t ion  on l o c a l  compirters i n  t h i s  mode 

show i t  t o  be very i n e f f i c i e n t  i n  t o t a l  time due t o  t he  extreme d a t a  

t r a n s f e r  pena l ty .  

Def-'aulting F i les  ......... t o  Memory ...... - _I ._ 

When t h e  nl . located inernory space al lows,  i -ndividual  d a t a  f i l e s  are 

se lec t ive!y  de fau l t ed  t o  resi-de i n  memory as most e f f e c t i v e  i n  reducing 

d a t a  t r a n s f e r ,  using t h e  c a p a b i l i t y  o f  t h e  d a t a  t-rarrsfer s e r v i c e  

r o u t i n e s .  

Changing .. F i l e  S t r u c t u r e  - .- ........ ~ 

The two p laces  i n  t h i s  code where d a t a  t r a n s f e r  i s  a severe  burden 

a r e  t h e  prubiem i - te ra t io i i  and c a l c u l a t i o n  o f  t h e  r e g u l a r ,  a d j o i n t  f l u x  

i -n t eg ra l s .  The code c loses  out  t h e  d i r e c t  access  f i l e s  conta in ing  t h e  

f l u x  values  p r i o r  t o  performing t h e  pe r tu rba t ion  i n t e g r a l s  and reopens 

them, o f t e n  with a d i f f e r e n t  blocking (changed record l eng ths ) .  Such 

a c t i o n  of  c los ing  and reopening t h e  same f i l e  may not  be accomplished 

simply with some computer systems us ing  c e r t a i n  modes of  access .  In 

thi .s  code t h e  mode of  d a t a  access  i s  changed when necessary  t u  per-form 

t h e  t a s k  w i - t h  the l o c a l  implementation of t h e  d a t a  .transr'er s e r v i c e  

r o u t i n e s .  

Input/Output ........... Operations _ .................. ~ 

The iiumber o f  d a t a  Tnput/Output opera t ions  i s  approximated f o r  

three-dimensional problems by the  fol lowing equat ion : 



2 2 5 - 9  

0 AC 500 + (N + 2 )  [ 

Let I = t h e  average number o f  i n n e r  i t e r a t i o n s  i n  each group, 

L = t h e  number of  p lanes  t r e a t e d  s imultaneously - < E ,  

N = t h e  number of  o u t e r  i t e r a t i o n s ,  

G = t h e  number o f  groups,  

B = t h e  average a c t u a l  i n s c a t t e r i n g  bandwidth i n  groups,  

P = t h e  number of  p l anes ,  

R = t he  number o f  rows, 

0 = t h e  number o f  d a t a  Input/Output ope ra t ions ,  disc-memory; 

a l l  s t o r e d  mode 

I1 
[ a ]  
[ 8  + BI space s to red  

i 1 
' 4  + P [ 4-- (I 1. '1 + mult ip lane  s t o r e d  

4 + P R [ 4 1  + 4 + B] one row stored 

problems but inc reas ing  with problem s i z e .  There i s  a d i r e c t  dependence 

on the s c a t t e r i n g  band width n o t  shown and Chebyshev a c c e l e r a t i o n  adds 3 

i n s i d e  t h e  square b racke t s .  Typically N = S P R / I .  

Our a t tempts  t o  seek near  optimum s e l e c t i o n  of  t h e  mode of da ta  

l iandling as dependent on problem s i z e  and l o c a l  charging algori thms 

have not  been success fu l .  On t h e  l o c a l  computers it i s  o f t e n  

d e s i r a b l e  t o  use  a l a r g e  amount o f  memory t o  minimize d a t a  input /output  

provided job  turnaround i s  s a t i s f a c t o r y .  

END OF SECTION 
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APPLICATION INFORMATION 

In  the following sections, application information is s ipp 1 i ed ihich 

is directed to the needs of the program users. They are referred to the 

introductory section of  this report for a broad coverage of  the function 

of this neutronic5 code block, and to the later sections f o r  the 

computation algorithms. 

on page 001-3. Specific program considerations are given in 

Section 401. The discussion (disclaimer) on input data is in 403, error 

checking is covered in 405, and restart and recovery in Section 410. 

Section 440 addresses edited results and 450 the selected sample 

problems. 

A user flow chart is presented in Figure 001-1 

END OF SECTION 
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Section 401: Program Considerations 

Appl ica t ion  of t h i s  code w i l l  g ene ra l ly  be more r e l i a b l e  t h e  more 

i n t i m a t e l y  f a m i l i a r  t h e  u s e r  i s  with i t s  con ten t s .  In t h i s  s e c t i o n ,  

c e r t a i n  s p e c i f i c  a spec t s  a r e  addressed.  

Major program op t ions  have been covered i n  Sec t ion  204. 

t h e s e  provide unique func t ions  with minimum i n t e r a c t i o n .  Automated . 

s e l e c t i o n  between procedures i s  provided as d e f a u l t ,  bu t  reasonable  

care must be taken t o  o b t a i n  d e s i r e d  e d i t s  without  excess  pr int i .ng 

and t o  con t ro l  t h e  genera t ion  of i n t e r f a c e  d a t a  f i l e s .  

There are a few c o n s t r a i n t s  on t h e  range of va lues  o f  t h e  

v a r i a b l e s :  

a )  Data used toge the r  cannot vary by more than  perhaps 10 a.nd 

c a r r y  s i g n i f i c a n c e  (atom d e n s i t y  t imes c r o s s  s e c t i o n  f o r  t h e  

con t r ibu t ions  t o  a macroscopic c ros s  s e c t i o n  from two o r  1110re 

n u c l i d e s ) ,  

Data o u t s i d e  o f  t h e  range o f  l o L 4 '  can be expected t o  prod.uce 

chaos (power l e v e l  f o r  exaniple), and 

Large st,ep changes i n  t h e  mesh spacing,  say  by a f a c t o r  of 

100, can cause d i f f i c u l t y  i n  conve rghg  t h e  i t e r a t i v e  process  

t o  effect. an acceptab le  s o l u t i o n .  

General. l y  , 

? 6  

b) 

c )  

A l l  major d a t a  a r r a y s  a r e  v a r i a b l y  diinensionedand s t o r a g e  a l l o c a t i o n  

i s  done dynamically.  Problems have been so lved  which contained 

over  1000 p o i n t s  on a l i n e  and over  100 energy groups have been 

t r e a t e d .  

The l a r g e r  t h e  problem measured i n  terms of space-energy p o i n t s ,  t h e  

more s t o r a g e  r equ i r ed  o r  t h e  more d a t a  which must be moved from 

a u x i l i a r y  s to rage  dur ing  t h e  c a l c u l a t i o n .  Several  d a t a  handli.ng 

modes are provided by p a r a l l e l  codi.iig which r e q u i r e  i n c r e a s i n g l y  
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less core  space and more d a t a  handl ing.  

mode o f  d a t a  handl ing i s  done t o  e f f e c t  e f f i c i e n t  computer u se .  

Actual. s t o r a g e  requirements are a complicated func t ion  of the  

v a r i a b l e s  ( the  na tu re  of  t h e  probleiii and i t s  s i z e )  and t h e  mode of  

d a t a  handl ing;  t hese  requirements a r e  e d i t e d  t h e  f i rs t  access  of 

t h i s  neut ronics  code t o  provide information;  t h i s  d a t a  could be 

c o l l e c t e d  as background by a u s e r  f o r  r e fe rence .  

Automatic s e l e c t i o n  o f  t h e  

5) ?'he constants  t o  which values  are assi-gned wi th in  t h e  code are  

gene ra l ly  l imi t ed  t o  those  covered by equat ions i n  t h e  700 s e r i e s  

of  Sec t ions .  O f  course cons t an t s  l i k e  p i  a r e  ass igned values  t o  

machine s i g n i f i c a n c e .  

6)  I t  i s  a-ssumed t h a t  dimensions are i n  cent imeters ,  nuc l ide  

concent ra t ions  are  i n  atoms/barn-cm , and microscopic c ros s  s e c t i o n s  

a r e  i n  barns/atom. 

conceirtration and microscopic c ros s  s e c t i o n  must y i e l d  a macroscopic 

va lue  having u n i t s  of  cii1-l f o r  cons is tency .  

Quite gene ra l ly  t h e  product  o f  nuc l ide  

7 )  Man-machine i n t e r a c t i o n  during execut ion i s  not  allowed. 

8) Microfiche output  i s  now a v a i l a b l e  l o c a l l y  and i s  recommended foi- 

t h e  bulk o f  t h e  p r i n t o u t .  

The programming has been done i n  a way t o  avo;-d underflows, 

overflows, and d i  v ide  by zero.  

system be allowed t o  d e t e c t  such occurrences and te rmina te  a 

c a l c u l a t i o n .  Should such an event occur ,  a cause should be 

i -den t i f i ed  i n  t h e  d a t a  suppl ied  o r  t r a c e d  t o  a de f i c i ency  i n  t h e  

prograin and r e c t i f i e d ;  i t  i s  probably due t o  inadequate  d a t a  or 

poss ib ly  i n c o n s i s t e n t  i n s t r u c t i o n s .  

9)  

We recommend t h a t  t h e  ope ra t ing  
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10) The use of  special implementations of  the computer system data 

transfer routines can indeed improve computer utilization, hut 

some caution is in order regarding the user burden when t h e  me 

has strange requirements and mysterious input/output errors may 

cause serious loss in productivity. 

11) Except f o r  nuclide concentration searches, the microscopic cross 

sections and nuclide concentrations are accessed only  once; all 

subsequent calculatia~is are done with t h e  macroscopic cross 

sections calculated initially, including the estimate of  the 

conversion ratio and the perturbation integrals and associated 

results. 

END OF SECTION 
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Section 403:  Input  Data 

. .-. 

The VENTURE code block does not read  da ta  from ca rds .  A 1 1  d a t a  fsi- 

d c a l c u l a t i o n  must be provided through t h e  i n t e r f a c e  f i l es .  

t h e  r equ i r ed  d a t a ,  a s e p a r a t e  d a t a  processor  rriust be used. 

reached i n  t h e  code coord ina t ion  e f f o r t  was that  a l l  input  da t a  would. be 

processed by a f r e e f o r m  format input d a t a  processor.  

developed a t  LASLais i n  s e r v i c e  as rev ised  l o c a l l y .  

processors have been implemented and are i n  use l o c a l l y  which read data 

i n  a f ixed-form format;  t h e s e  are included i n  the VENTURE code package. 

A s e p a r a t e  document accompanying t h i s  code desc r ibes  the punched card 

input  r equ i r ed  by t h e s e  processors .  

To supply 

The agreement 

An ii iput processor 

C e r t a i n  s p e c i a l  inpat 

b 

END OF SECTION 

a G .  E .  Bosler e t  a l . ,  "LASlP-111, A Generalized Processor f o r  Standard 
Interface F i les ,  ' I  ERDA Report ,  Los Alamos S c i e n t i f i c  Laboratory,  
LA-6280-EIS (Apri l  1976).  

bD. R .  Vondy e t  a l . ,  "Input Data Requirements f o r  Spec ia l  Processors  i n  
t h e  Computation Systcni Containing the  VENTURE Neutroni cs Code, 
Report ,  ORNL-5229 (1976) .  
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Section 405: Error Checking 

. .= 

An error discovered in the process of calculation is normally fatal 

and its cause is identified by an error message. Also, certain warning 

messages are printed, as t o  indicate lack of  convergence if the maximum 

number of iterations or the allowed time is exceeded. 

The fatal errors are one of the following types: those encountered 

in processing interface data files (error number 666),  data transfer 

errors (error number 444), other interpreted errors  (error number 555),  

and system detected errors. 

adequately describe the cause allowing corrective action t o  be taken. 

Hopefully the information printed will 

For arithmetic operations where necessary, checks are made for 

overflows, underflows, and divide by zero. In a normal run, these types 

of  errors should not occur; if one does occur, it is deemed fatal, and 

the cause should be traced and corrective action taken. 

Input data processors contain a reasonable amount of  checking to 

identify discrepancies and cause abort before calculations are done; 

still such a wide range of  data is allowed that effort t o  confirm that 

correct data was supplied will be a good and usually necessary invest- 

ment. For example, if a nuclide is assigned a concentration which is 

multiplied by the wrong power of ten, the wrong problem will be solved 

and incorrect interpretation of the results is probable. 

END OF SECTION 
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Section 407: Implied Capability and Limited Implementation 

. . .- ... 

Most of  t h e  i n t e r f a c e  d a t a  f i l e s  used by t h e  VENTURE code arc 

formatted i n  accordance with s tandard  d e f i n i t i o n s  drawn up i n  an 

i n t e r i n s t a l l a t i o n  e f f o r t .  We have attempted t o  keep t h e  coding up t o  

d a t e  with t h e  s p e c i f i c a t i o n s  through t h e  per iod  when these  were being 

modified t o  s a t i s f y  requirements I We b e l i e v e  t h i s  implementation i s  a 

reasonable  one i n  t h a t  t h e  r eco rds  a r e  proper ly  read and w r i t t e n  

wi th in  c e r t a i n  imposed r e s t r i c t i o n s  and i n t e r p r e t a t i o n s ,  a t  l e a s t  

compatible with t h e  l o c a l l y  implemented modules which process  input  d a t a .  

S t i l l  c e r t a i n  of  t hese  s p e c i f i c a t i o n s  imply c a p a b i l i t y  which i s  r a t h e r  

genera l  and only  a subse t  of p o s s i b l e  a l t e r n a t i v e s  has been implemented 

i n  some ins t ances .  'This s e c t i o n  addresses  t h i s  sub jec t  t o  i d e n t i f y  what 

i s  a c t u a l l y  a v a i l a b l e  for a p p l i c a t i o n .  The q u a l i f i c a t i o n s  a r e  gjven 

f o r  each o f  t h e  f i l e s  f o r  which r e s t r i c t i o n s  apply.  

F i l e s  ISOTXS and GRUPXS 

The f i s s ion - source  d a t a  by nuc l ide  may be i n  t h e  form of  

vof(g)  x (g-+g'). 

form vCf(g) ,  x ( g )  without  ca r ry ing  t h e  f u l l  group t o  group dependence. 

Both t h e  product ion term (VI ) and t h e  d i s t r i b u t i o n  func t ion  (x) a r e  

made zone dependent. 

The macroscopic d a t a  i s  r e c a s t  i n t o  t h e  sepa rab le  

f 

The PI data must contain the Legendre coefficient. 

Only simple blocking of  t h e  s c a t t e r i n g  d a t a  i s  assumed, not  c e r t a i n  

p o s s i b i l i t i e s  which could lead  t o  only p a r t i a l l y  f i l l e d  d a t a  blocks.  

F i l e  GEODST 

A t  t h e  t i m e  t h i s  i s  w r i t t e n ,  30' and 90' t r i a n g u l a r  and (0-R-a) 

geometries have not been implemented. The use r  i s  caut ioned t o  r e f e r  t o  

t h e  f i g u r e s  i n  Sec t ion  702 f o r  a c t u a l  o r i e n t a t i o n s  implemented; no o the r  
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opt ions  a r e  a v a i l a b l e .  

t h e  f i g u r e  with the  X and Y coord ina tes  a t  60' and l i m i t a t i o n s  of  the  

implementation usua l ly  r e q u i r e  f u l l  core t reatment  when hexagonal 

assemblies are involved because usual  synunetry condi t ions  cannot be 

represented  d i r e c t l y .  The r epea t ing  (per iodic)  boundary with t h e  

oppos i te  f a c e  i s  allowed only f o r  t h e  f i rs t  boundary condi t ion  (IMBL), 

no o t h e r s .  The r o t a t i o n a l  symmetry condi t ion  ( repea t ing ,  p e r i o d i c ,  with 

t h e  next  ad jacent  f a c e  o r  along t h e  f a c e ) i s  allowed only f o r  t h e  r i g h t  

boundary of  t h e  f irst  dimension (IMBR) causing t h e  po in t  of r o t a t i o n  

t o  be remote from t h e  o r i g i n .  

be reduced t o  a t r i a n g l e  has been implemented; a t r i a n g u l a r  f l u x  a r r a y  

would impact many o f  t h e  i n t e r f a c i n g  d a t a  f i l e s ,  and a r e s o l u t i o n  O F  t h e  

d i f f i c u l t y  has not  been addressed.  To blank out  a volume of a problem, 

a ma te r i a l  can be assigned t o  i t  along with t h e  i n t e r n a l  black absorber  

condi t ion  which a p p l i e s  t h c  nonreturn boundary condi t ion  a t  t h e  i n t e r n a l  

s u r f a c e s  of t h i s  material. 

Thus hexagonal geometry i s  t r e a t e d  as shown i n  

No opt ion  which causes t h e  geometry t o  

F i l e  Search 

The d i r e c t  c r i t i c a l i t y  search  procedure i s  implemented f o r  

NMAXNP = 0 .  In  t h i s  c a l c u l a t i o n ,  changes i n  macroscopic s c a t t e r i n g  and 

t r a n s p o r t  p r o p e r t i e s  are ignored causing t h e  r e s u l t  ob ta ined  t o  have some 

unce r t a in ty  due t o  t h i s  approximation, a l though automatic  r e c a l c u l a t i o n  

of  t h e  macroscopic c ros s  s e c t i o n s  i s  done t o  move toward a c o n s i s t e n t  

s o l u t i o n .  I f  NRCH ( 2 )  i s  > O ,  a secondary search  w i l l  be done when 

c o n s t r a i n t s  a r e  riot s a t i s f i e d  unless  overr idden by I X  (11) i n  t h e  DTNINS 

record  i n  t h e  CONTRL f i l e ;  it i s  p o s s i b l e  f o r  t h e  d a t a  t o  p re sen t  a 

never-ending c a l c u l a t i o n ,  so  care must be exerc ised  i n  spec i fy ing  more 
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than one s e t  of search data ,  t he  instructions f o r  t h e i r  use, and t he  

constraints f o r  acceptab le  s o l u t i o n s .  

END OF SECTION 
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Section 410: Restart and Kecovery Procedures 

A simple scheme i s  used t o  save t h e  d a t a  requi red  f o r  restart and 

On use r  r eques t ,  a r e s t a r t  t o  access i t  f o r  a subsequent c a l c u l a t i o n .  

d a t a  f i l e  (KSTRTR descr ibed  i n  Sec t ion  204) i s  generated p e r i o d i c a l l y  

and a l s o  a f te r  a success fu l  c x i t  i s  made from t h e  i t c r a t i o n  procedure,  

'Thus cont inua t ion  i s  allowed only from some well -def ined s t a t e  of  t he  

c a l c u l a t i o n .  A success fu l  completion can occur only i f  ( 1 ) t h e  conver- 

gcnce c r i t e r i a  s p e c i f i e d  are s a t i s f i e d ,  (2)  t h e  l i m i t i n g  number of o u t e r  

i t e r a t i o n s  is  reached, o r  ( 3 )  automated procedure f o r  a s ses s ing  

processor  time o r  d a t a  t r a n s f e r s  causes  te rmina t ion  of  t h e  i t e r a t i v e  

process  before  system te rmina t ion .  ?he d a t a  i s  saved pe r iod ica l  l y  on 

a cyc le  of  processor  t i m e  when so s p e c i f i e d  i n  the CONTRI, f i l e  record.  

The res ta r t  procedure i s  designed t o  e f f e c t  t h e  cont inua t ion  of  

t h e  i t e r a t i v e  process  terminated at some po in t  i n  a previous computer 

run.  The genera l  procedure c o n s i s t s  of r e c a l c u l a t i o n  o f  CFQSS seLt ions  

and equat ion  cons t an t s  from t h e  d a t a  i n  t h e  normal u s e r  i npu t  f o r  t he  

new computer run.  Then t h e  d a t a  saved from t h e  p r i o r r u n  is  accessed 

and t h e  c a l c u l a t i o n  cont inued.  Ce r t a in  i n i t i a l i z a t i o n  procedures are 

bypassed, as of  t h e  f l u x  and t h e  a c c e l e r a t i o n  parameters .  Some ahanges 

i n  t h e  input  d a t a  are allowed, some w i l l  be ignored,  and o t h e r s  will 

cause abor t ;  gene ra l ly ,  no change i s  admiss ib le  which would cause 

changes i n  t h e  l o c a t i o n s  o f  d a t a  i n  memory. 

The d a t a  saved f o r  res ta r t  c o n s i s t s  o f  one i terate  s e t  of  f l u x  

va lues  and t h e  p r i n c i p a l  d a t a  used i n  t h e  i t e r a t i v e  procedure.  'This 

d a t a  i s  s u f f i c i e n t  €or cont inuing  t h e  i t e r a t i o n ,  but  n o t  always 

s u f f i c i e n t  t o  d u p l i c a t e  t h e  process ;  a c c e l e r a t i o n  schemes r equ i r ing  
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more than one i t e r a t e  f l u x  s e t  will e s t a b l i s h  only a f t e r  t h e  necessary 

information has  been accumulated. 

For a usual  r e s t a r t ,  t h e  fol lowing a r e  necessary (see f i l e  CONTRL 

i n  Sec t ion  2 0 4 ) :  

'The s p e c i a l  r e s t a r t  d a t a  f i l e  must be a v a i l a b l e  from a previous 

computer run (normally on tape €or  shor t - te rm s t o r a g e ) .  

Restart must be s p e c i f i e d  i n  t h e  use r  input  cont ro l  da t a .  

The number of o u t e r  i t e r a t i o n s  w i l l  o f t e n  have t o  be increased  t o  

allow t h e  des i r ed  convergence l e v e l  t o  be s a t i s f i e d .  

Coiiiplete d a t a  f i l e  requirements must be s a t i s f i e d  normally 

r equ i r ing  a f u l l  u se r  input  d a t a  deck ( the  same as f o r  t h e  

o r i g i n a l  run ) ,  except t h a t  when such i n t e r f a c e  d a t a  f i l e s  as 

GRUPXS have been generated and -I.-.- saved 

need not  be regenera ted .  

Input d a t a  which cannot be changed because t h e  d a t a  s to rage  

by o t h e r  code blocks,  they  

loca t ions  would be a l t e r e d  inc lude  t h e  fol lowing;  no te  t h a t  the saved 

i t e r a t e  f l u x  va lues  w i l l  be used f o r  t h e  r e s t a r t :  

1. Number of  dimensions and energy groups.  

2 .  Nuiuber of mesh p o i n t s  along each coord ina te  and t h e  number of  

ma te r i a l  composition zones. 

3 .  Mode of  d a t a  handl ing during t h e  i t e r a t i v e  process ,  and normally 

t h e  number of  i nne r  i t e r a t i o n s  which a l t e r s  the use o f  d a t a  

s to rage .  

4 .  Basic problem type should not  be changed (as  from P I  t o  Po ,  usual  

e igenvalue problem t o  search  o r  a d j o i n t  o r  f ixed  source ) .  

General ly  the previous procedure will be cont inued.  Thus, t h e  

ove r re l axa t ion  c o e f f i c i e n t s  w i l l  be saved and used. HoNeveT, such b a s i c  
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c o n t r o l  op t ions  as of use  o r  n o t  of Chebyshev a c c e l e r a t i o n  on ou te r  

i t e r a t i o n s  may be changed. 

Although i t  might be b e t t e r  t o  start  t h e  problem over, t h e  fol lowing 

are allowed changes f o r  restart: 

3.. 

2. 

3 .  

4 .  

5. 

Nuclide assignments and concent ra t ions .  

Microscopic c r o s s  sec t ions .  

The geometry ( i f  both are or thogonal ,  no t  i f  one i s  hexagonal o r  

t r i a g o n a l ) ,  u s u a l l y  n o t  d e s i r a b l e .  

Boundary condi t ions  excluding any change i n  t h e  mesh-point assignments 

of i n t e r n a l  b lack  absorber .  

The mesh po in t  spacing and t h e  assignment of p o i n t s  t o  reg ions  and 

reg ions  t o  zones. 

Thus i f  a modest change is  des i r ed  i n  any of t h e  above d a t a ,  i t  may 

be made. 

Note a l s o  t h a t  any problem may be s t a r t e d  from an  e x i s t i n g  d a t a  f i l e  

of t h e  f l u x  va lues ,  RTFLUX, provided t h a t  t h e  d a t a  i n  t h i s  f i l e  maps proper- 

l y  i n  space and energy. Remapping i s  allowed; when done, it i s  assumed 

t h a t  a r egu la r  expansion of t h e  mesh p o i n t s  was made and a s imple l i n e a r  

i n t e r p o l a t i o n  of f l u x  va lues  i s  done. This  a l lows  a many-point problem t o  

be i n i t i a l i z e d  from a coa r se  s o l u t i o n ,  and/or fewer groups t o  be t r e a t e d .  

Automatic i n i t i a l i z a t i o n  of success ive  neut ronic6  problems i s  pro- 

vided €or by t h e  c o n t r o l  module i n  t h e  system us ing  t h e  poin t  f l u x  va lues  

and informat ion  about  t h e  a c c e l e r a t i o n  da ta .  

END OF SECTION 
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Sect ion 440: Edi ted  Resu l t s  

... ..... 

This discussion about the printout of data follows the editing 

All edjts are preceded by brief headings for documentation. order. 

Major edits are under user control. 

recommended locally f o r  primary edits. 

The use of microfiche is 

Problem Documentat ion 

Information is first edited which documents the neutronics problem 

and use of the computer and the program to solve it. 

not be  edited, a task assigned elsewhere, as to an i n p u t  data processor 

or a file editor: 

Certain details can 

1. * 

2 .  

3 .  

4 .  

1. 

2 .  

3 .  

4 .  

5. 

6 .  

7 .  

8. 

Zone (material) assignments to mesh points, 

Nuclide concentrations and referencing data to effect concentration, 

microscopic cross section association, 

Microscopic cross sections and 

The contents of certain data files which may be used. 

The problem documentation information edited is: 

Reference time obtaincd from the nuclide concentration file ZNATDN. 

Certain problem documenting information including the type, 

independent variables and meshpaint locations. 

Memory requirements with alternatives. 

Data file space requircments. 

Selected mode of data handling. 

Microscopic group-ordered cross section file title. 

Macroscopic cross sections on option. 

Information about initialization and selection of acceleration 

procedures and parameters. 
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I t e r a t i v e  Resul t s  __ .- , . . . . . . . . . . ...___- 

Each ou te r  i t e r a t i o n ,  information i s  ex t r ac t ed  about t h e  i t e r a t i v e  

process  arid i s  e d i t e d  un le s s  overr idden by i.iser opt ion:  

1. The c a l c u l a t i o n  mode: normal, Chebyshev a c c e l e r a t i o n ,  sin.gle o r  

double e r r o r  mode o r  forced ex t r apo la t ion .  

2 .  Assessment of  i nne r  and o u t e r  i - t e r a t i o n  convergence. 

3 .  The rnaximum r e l a t i v e  f l u x  change from one ou te r  i t e r a t i o n  t o  t h e  

nex t .  

4 .  Estimates of t h e  eigenvalue of t h e  dominant o u t e r  i t e r a t i o n  e r r o r  

vec to r .  

5.  The ou te r  i t e r a t i o n  a c c e l e r a t i o n  f a c t o r s  i-ncluding es t imates  of 

t he  paranneters f o r  ex t r apo la t ion .  

6 .  The t o t a l  f i s s i o n  source. 

7 .  The e s t ima te  of t h e  eigenvalue n.f t he  problem ( the  m u l t i p l i c a t i o n  

f a c t o r  o r  t h e  seapch problem eigenvalue o r  t h e  rebalancing f a c t o r  f o r  

f ixed  source problems), determined from an o v e r a l l  neutron balance 

or o t h e r  formulat ion i n  use .  

In add i t ion ,  information about t h e  inne r  i t e r a t i o n  behavior iilay be 

obtained as a higher  l eve l  of  e d i t .  

Summary 
-. ..... .. 

When i t e r a t i o n  on t h e  neut ronics  problem i s  terminated c e r t a i n  

information i s  p r in t ed :  

1. Estimate of  t h e  absolu te  r e l a t i v e  f l u x  e r r o r  (assoc ia ted  with 

terminat ion o f  t h e  i t e r a t i o n  p rocess ) .  

R e l i a b i l i t y e s t i m a t e s  o f  t h e  m u l t i p l i c a t i o n  f a c t o r .  2 ,  

3 .  I t e r a t i o n  parameters i n  use.  
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4 .  Gross neutron balance information ( leakage,  l o s s e s ,  p roduct ions ,  

and power l e v e l  normal iza t ion) .  

5.  Processor  and clock times used. 

6 .  F rac t ion  neutron l o s s  t o  t h e  search  parameter f o r  c e r t a i n  

c r i t i c a l i t y  search  problems. 

The peak f i r s t  group f l u x  i n  each zone and t h e  f l u x  spectrum where 

t h e  peak f i rs t  group f l u x  occurs .  

8 .  Peak power d e n s i t y ,  and peaks by zone. 

9 .  

7 .  

P r imi t ive  conversion r a t i o  and f i s s i l e  consumption r a t e  given the 

r equ i r ed  d a t a .  

Energy spectrum and space map by zone of t h e  a d j o i n t  f l u x  when 

a v a i l a b l e .  

10. 

-. Resul t s  from t h e  Ca lcu la t ion  

E d i t s  of  t h e  fol lowing are a v a i l a b l e  t o  t h e  a n a l y s t  on opt ion:  

1. Neutron balance d a t a  by energy group and zone. 

2 .  Neutron balance by energy group. 

3 .  

4 .  Po in t  neutron f l u x  va lues .  

5 .  

Average f l u x  by zone and group, r e g u l a r  and a d j o i n t .  

Power d e n s i t y  map over space.  

6 .  Power d e n s i t y  t r a v e r s e s  through t h e  peak. 

7 .  Neutron d e n s i t y  map over  space (given group v e l o c i t y  d a t a ) .  

8. Neutron d e n s i t y  t r a v e r s e s  through t h e  peak, 

9 .  

10. 

Adjoint  neutron f l u x  va lues  when c a l c u l a t e d .  

Calcu la ted  a x i a l  buckl ing va lues  by t r ave r sed  zone and group when 

reques ted  on one o r  two p lanes .  

C e r t a i n  pe r tu rba t ion  information given s o l u t i o n s  f o r  both a r e g u l a r  

problem and an a d j o i n t  problem (neutron l i f e t i m e  given group ve loc i ty  

11. 
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da t a )  a t  t h e  macroscopic c ros s  s e c t i o n  l e v e l  (microscopic d a t a  i s  

not  reaccessed)  inc luding  t h e  es t imates  f o r  100% changes i n  t h e  

macroscopic c ros s  s e c t i o n s  and a simple assessment of  unce r t a in ty  

i n  k assuming equal r e l a t i v e  u n c e r t a i n t i e s  i n  t h e  ind iv idua l  

macroscopic c ros s  s e c t i o n s .  

Other Resul t s  

Other r e s u l t s  may be produced by o the r  modules i n  t h e  system, such a s  

i n t e g r a t e d  r e a c t i o n  r a t e s  and i n t e r p r e t a t i o n  (fuel conversion r a t i o ,  e t c . )  

by t h e  r e a c t i o n  r a t e  module. 

END OF S E C T I O N  
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Sect ion  450: Sample Problems 

A s epa ra t e  r e p o r t  i s  t o  be i ssued  covering a nimber of sample pro131 e m  

s i n c e  a f e w  are inadequate  t o  check conversion t o  anothcr  computer t y p e  

than used i n  t h e  development. 

Three sample problems are presented  here .  The f i r s t  two were t a k e n  

from t h e  set  of problems f o r  which r e l i a b l e  answers a r e  known and were 

r epor t ed  i n  QRNL-TM-3793, "Job Stream of  Cases f u r  t h e  Cornputer Code 

CITATION. ' I  Thus 

d a t a  f o r  t h i s  o l d e r  code are a v a i l a b l e  as well  as t h e  r e s u l t s .  A t h i r d  

problem involves  both a nuc l ide  search  and a dimension search  f o r  a f a s t  

r e a c t o r .  

t h e  d e s c r i p t i o n s  f o r  t hese  problems i n  t h e  form of  input. 

'Table 450-1 shows a l i s t  o f  the i npu t  f o r  t h e s e  problem:; as t h r e e  

"stacked" cases .  

con t ro l  i n s t r u c t i o n s .  These cause access  of  t h e  ca ta log  procedure arid 

inc lude  ove r r ide  va lues  of  t h e  parameters f o r  a l l o c a t i o n  nf d a t a  f i l e s  t o  

a u x i l i a r y  s to rage  and supplemental information about f i l e s  , as needed. 

The d a t a  se t  conta in ing  t h e  codes i s  def ined causing t h e  d r i v e r  r o u t i n e  t o  

be placed i n  memory, where it remains r e s i d e n t ,  and i s  en tered .  The input  

i n s t r u c t i o n s  de f ine  a con t ro l  module which i s  accessed by the  d r i v e r  t o  

perform i t s  i n i t i a l  r o l e  which r e q u i r e s  input  d a t a  i n s t r u c t i o n s  inc luding  

3 t i t l e ,  t h e  space a l l o c a t i o n  f o r  d a t a  a r r a y s ,  and t h e  c a l c u l a t i o n a l  

pa th  through t h e  code modules. 

by a module con ta ins  a header card and i s  terminated by a n  END card.  

An input  d a t a  deck begins  with t h e  necessary job  

Each block o f  input  d a t a  used independent ly  

Thcl 

a input  d a t a  are processed by t h e  input  processor .  

a Primary system docunientation aiid input  processor  
i n  QRNL-5158. 

Table 450-2 d i s p l a y s  

requireinents are covered 
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input  d a t a  f o r  two of  t h e  cases i n  t h e  form requi red  by t h e  s p e c i a l  

p rocessors  a but riot used f o r  t h e  e d i t s  r epor t ed  h e r e i n .  

Table 450-3 d i sp lays  s e l e c t e d  p r i n t o u t  from t h e  computer run.  Since 

t h i s  code i s  a c t i v e  and undergoing continuirig developinerit, t h e  output  

shown may n o t  agree one-to-one with t h a t  produced by a s p e c i f i c  vers ion;  

however, t h e  end r e s u l t s  should be i n  very c l o s e  agreement. 

VENTIJRE Sample Problem 1 

l lPer iodic  Boundary i n  'Theta-R Geometry, Case A4 with Black Absorber 

24X20X3 Group, 1440 Poin ts  Stream o f  CITATION Cases ORNL 72" 

This i s  an eigenvalue problem i n  OK geometry which i s  a 180° segment. 

Due t o  symmetry condi t ions ,  t h e  problem can be solved with r e f l e c t i n g  

boundaries by r e o r i e n t a t i o n  (see Case A 1  i n  t h e  r e fe rence  r e p o r t ) .  As 

o r i e n t e d ,  t h e  r epea t ing ,  p e r i o d i c  boundary condi t ion  i s  r equ i r ed  t o  

account f o r  n e t  leakage ac ross  t h e  su r face ,  t e s t i n g  t h i s  op t ion .  The 

number of i n t e r n a l  mesh i n t e r v a l s  i s  shown along coord ina tes  f o r  each 

coarse  i n t e r v a l  and t h e  spacing i n  cent imeters .  Note t h a t  t h e  f irst  

coord ina te  i n  t h e  use r  input  s p e c i f i c a t i o n s  i s  0, not  R .  The "surface" 

a t  t h e  s t a r t  of columns does no t  e x i s t  (OR vanishes  as R -f 0 ) ,  bu t  seem 

t o  i n  genera l  purpose i n s t r u c t i o n s .  

a Input requi-rements f o r  s p e c i a l  p rocessors  a r e  given i n  ORNL-5229. 
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.- .... 

. .... ̂  

-4+ 

a = 0.1707963 

COARSE MESH SKETCH OF VENTURE SAMPLE PROBLEM l.a 

The macroscopic cross s e c t i o n s  are provided i n  pseudo microscopic 

form t o  genera te  an ISOTXS c ross - sec t ion  f i l e .  

e igenvalue problem was solved and then  t h e  a d j o i n t  problem us ing  k 

from t h e  normal problem. The problem was solved with all data s t o r e d  i n  

t h e  computer memory which minimizes input /output  of  d a t a  between memory 

and disc. 

memory i s  one inner i t e r a t i o n  a t  each group. 

The normal neutron f l u x  

e f f  

The d e f a u l t  procedure f o r  such small problems contained i n  

VENTURE SamDle Problem 2 

"3-D ( X , Y , Z )  Buckling Search (Old Whirlaway Case) 

9x9xSx2 Group, 810 Po in t s  Stream of  CITATION Cases ORNL 72" 

Thisproblem t r e a t s  one-quar te r  of  a r e a c t o r  and involves  t h r e e  zones 

of different compositions. Again macroscopic cross sections are presented 

a Origional erroneous material assignments have been corrected. 
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as pseudo microscopic,  bu t  he re  i n  t h e  group-ordered f i l e  GRUPXS requ i r ing  

no processing p r i o r  t o  use i n  t h e  VENTURE code block.  

a r t i f i c i a l  i n  t h a t  t h e  s o l u t i o n  reques ted  i s  the eigenvalue of  a buckl ing 

search ,  no t  u sua l ly  d i r e c t l y  app l i cab le  t o  a three-dimensional problem. 

However t h e r e  i s  simply a neutron l o s s  r a t e  equal t o  DB: - 4 over t h e  

problem. 

of  d a t a  handl ing and a l s o  t h e  fol lowing a d j o i n t  pmbleni. 

c a l c u l a t i o n s  a r e  a l s o  done and space po in t  importance maps a r e  p r i n t e d .  

The problem i s  

The eigenvalue problem was so lved  i n  t h e  mul t ip lane  s t o r e d  mode 

Per turba t ion  

i 8, 

1 

I 
2 '  

1 
/ 

/ 
/ 

/ 
/ 

/ 

I 

I 
3 '  

- - . A -  
/ 

/ / 

/ 
' /  

/ 
i 

Y 
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VENTURE Sample Problem 3 

"2-D 1 7  x PO - 5 GROUP SEARCH PROBLEM 

PRLMAXY SEARCH = NUCLIDE (DIRECT) - SECONDARY SEARCH = DIMENSION" 

This  problem treats two-dimensional (R,Z)  geometry. The input  i n -  

s t r u c t i o n s  f o r  t h e  problem f i r s t  i n s t r u c t  t h e  code t o  do a d i r e c t  nuc l ide  

c r i t i c a l i t y  search  f o r  a m u l t i p l i c a t i o n  f a c t o r  o f  1.01 by adding a mixture  

of heavy m e t a l  (238U, 

a d d i t i o n  of material, exceeding t h e  amount of material allowed to a t t a i n  

t h e  des i r ed  m u l t i p l i c a t i o n  factor.. The inpu t  i n s t r u c t i o n s  f u r t h e r  s p e c i f y  

t h a t  a l l  of t h e  a v a i l a b l e  material (100%) should be  added and t h a t  a sec- 

ondary search  be  done t o  a t t a i n  t h e  d e s i r e d  state. This second search  i s  

a dimension search  i n  which t h e  widths  and h e i g h t s  of s p e c i f i c  coarse  mesh 

i n t e r v a l s ,  t h e  shaded area shown i n  t h e  ske tch ,  are t o  be  ad jus ted .  The 

requirements f o r  t h e  des i r ed  s ta te  are determined and t h e  a d j o i n t  problem 

is solved and p e r t u r b a t i o n  c a l c u l a t i o n  done. In a d d i t i o n ,  nuc l ide  r e a c t i o n  

rates are produced and p r in t ed .  

i s  shown on t h e  next  page. 

239Pu, 240Pu) .  The s o l u t i o n  i s  found t o  be 19% 

The geometric d e s c r i p t i o n  of t h e  problem 
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Reference Test Problems 

To support  conversion of t h e  VENTURE: and r e l a t e d  codes t o  o t h e r  com- 
p u t e r s ,  a set of r e f e r e n c e  test problems has been s e l e c t e d .  
f o r  t h e s e  problems and r e s u l t s  are included i n  t h e  code d i s t r i b u t i o n  

package. 

Input d a t a  

a 

.. ii.. 

ORNL/TM-5887 a 
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Table 458-7, I n p u t  D a t a  for Sample Problems i n  t h e  
I n p u t  Processor Foimat 

/ /USERID Joa g c n ~ x )  , ' A D R E S - N A N X  COL 25-44. , 
// M S G L E V E G =  ( 1 , l )  
//* CL AS 5 
//STEP EXEC BCPDVEN'I, 
// NB 1: 1 , NB2= 1 Elz3520, B 2 =  9 5 3 6 0 ,  NX=2, NS=50, N 1-1 00, 
// NZ=cb, N3= 13 , A +  1, E15236 ,N4= 7 0, N7=1 I N8=1 N9=2, W10=2, W11=3,112=5, N l 3 =  2, 
// N 1  4=1,N15=1O,N16-&, 
// G O S I Z E = 3 5 0 K  
/ / G O . S H S l N  JID * 
= C O I T R O L l  

018000 1 

E HD 

O V  COMTHC 
ID PWOINS / * P E R I O D I C  B O U N D A R Y  I N  Tl iETA-B G E O d E T R Y ,  CASE A 4  WITH BLACK ABSORBER * 
*GWCRUIW* * G I C R U I *  0.0 748 0 1OOR 
1D D V R I N S  0.0 l O O R  18000 0 99R 
1D X C P I N S  0.0 l O O R  0 0 0 1 0 18R 1 1 0 768 
ID DTNIHS 0.0 3 R  1.0 3 R  0.0 1.6 0.0 0.0 1.0-6 5 , 0 - 5  0.0 88R 

0 3 R 1 0 1 0 1 3 R 5 0 0 8 R 7 1 1  1 1 0 6 7 8  
1D * * 0.0 I O O H  0 10OR 
O V  ISBTXS 
1D 3 3 0 1 0  1 1  1 
2D / 
* C I T A T I O N  RACBCS T O  H I C R O S  
+ZBldEl*  *ZOOIE2* *ZQNE3* 0.6 0.4 0.0 0.0 3R 0.0 r6R 0 3 6 
YD (*ZQNEl+) 3R 0.0 1.0 0.0 48 0 1 1 Q 5R 1 1 0 

5D 1.987677-1 3.833180-1 9.962149-9 0.0 38 
0.0  2.86U-2 1,132-1 0,O 8.0-14 1.0-62 
0.0 9.4375410 1.088411 0.6 0 . 4  0.0 

C P B 9 !5= 0 3 M, R E GI0 N =O 3 50 K , Y O r 0  2 5, LI N E S= 1 9 ,  (I AR DS-= 0 0 

* * * * * * 9 4 n k * 4 4 o + * ~ * * + ~ V ~ ~ ~ o R E  R U N  - SABPLE PROBCEnS*+****~*"+~*p*+*++4*9* 
1 6 7 1 7 1 6 7 9 0  

INPUT PBOCESSOR D A T A .  

* 2 4 X 2 0 X 3  G R O U P ,  1440 P O I N T S  PISRD,  Q ADJ. * 

0 1 1 2 2  1 1 1  

7B 0.0 0.0 4.378-2  0.0 4.295-2 
4D (*ZBHE2*) 3 R  0.0 6 R  0 8R 1 1 0 

5D 1.8205-1 2 - ' 9 U S i r U 5 - 1  3.333333-1 0-0 3R 

7D 0.0 0.0 4.3-3 0 - 0  2-5-3 
IdD (*ZONE3*) 3R 0-0 6 R  0 8 R  1 1 0 

5D 2.438438-6 3.261580-1 5.048977-9 0 - 0  3R 

7D 0.0 0.0 2.016-2 0.0 1.392-2 
OV GEODST 
1D / 

30 / 

0 1 1 2 2  1 1 1  

1.3-2 8.0-3 0.8 

0 1 1 2 2  1 1 1  

0.0 2.9-3 7.16-3 

8 3 1 6  1 4  4 1 2 4 2 0  1 3  3 1 2  1 1  / 
1 6 3 1 0 l Q 5 B  / 

4 

(CONT) 
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0.0 1.707%3- 1 1 . 570796 1-7  4 1593 3.141593 
0.0 30.0 35.0 45.0 70.0 

4 8 4 8 /  
6 4 4 6 , ’  

7.6 85 83 2+ 1 6.3+2 7.685832+1 6.3+2 2-775439+6 2.27 5+ 2 
2 -7 75 439+ 1 2.275+2 6.831851+1 5.6+ 2 6.831851+1 5.6+2 
2.455197+2 2.0 125+3 2-455197+2 2 . 0 1 2 9 3  

0-0 3R 0.4692 0.0 2R 0.0 2R 0.4692 ,/ 

1 4 R  2 1 2  1 5 8  3 4R 

5D / 

1.0-3 / 

2 1 1  1 /  

7D / 
( I  4R 2 8 R  3 4R 4 8R) 6R / 
( 5  4 R  6 8R 7 4R 8 8R) 4R / 
(9 4R 10 8 R  11  4R 12 8R) 4 8  / 

(13 4R 1 4  8R 1 5  U R  16 8R) 6R / 
0V NDXSRP 
1D 1 

2D / 
3 1 3 3 3 0  

( * Z O N E l *  *ZONE2* a O N E 3 * )  2R 0.0 68 0 3 R  3 0 0 0 
( 1  2 3) 2R 

3D / 

0 V  ZNATGN 
3,125352+3 5.550879+1 4.516035+3 1.0 38 1 3~ 

ID / 
0.0 0 3 3 1 

1.0 0 - 0  0.0 0.0 1.0 0.0 0.0 0.0 1.0 
2D / 

STOF 
END 

O V  CONTEL 
ID PRQXNS / * 3-D (X,Y,Z) BUCKLING SEARCH (OLD W H I R L A M A Y  CASE) - 9X9X5X2 * R U N N I N G  I N  THE PLANE STORED R O D E  - 4 PLANES STORED 
rt * *  * 0.0 74R 0 IOOR 
ID DVRINS 0.0 100R 18000 0 99R 
1D XCPZblS 0.0 I O O R  0 23R 1 0 76R 
1D DTNINS 0.0 1.0 0-0 10.0 1.0 2 R  0.09 0.0 3R 1-0-6 5.0-5 

INPUT PROCESSCB D A T A ,  

0.0 88R 
0 3 R  1 4  1 O13R 50 0 8 R  1 5 R  0 1 0  1 6 B  0 2 R 5 1 1 0 3 R  
1 0  1 1  0 2 R  0 1 2  0 2 rC O 3 8 R  

ID * * 0.0 10OR 0 l O O R  
0 V  GRUPXS 

/ 

2D / 
2 3 0  1 0 1  1 8 0 0 0 1  1 0 0  

* GRUPXS CROSS SECTIONS FOR V E N T U R E  SAHELE PROBLEM 
( * Z O N E l *  * Z O N E 2 *  qONE3*) 
1 - 0  0.0 0.0 2B 0.0 38 

4 D  / 
(* *) 3R (*CITNXS*) 3R (* + I  3R / 

* * 

* 

(CONT)  



450-10 

0.0 3R  6-25-11 2-5-11 0.0 0.0 3 R  0.0 3R 0.0 3 R  0.0 38 0.0 38 / 
0 3 R  0 1 1 2 R  0 0 7 R  

5 D  / 
2-222222-1 1.960784-1 2-777778-1 / 
0.0 3R / 
U.0-4 5.0-4 5.2-4 / 
8.0-4 2.0-4 0.0 / 
5.0 2.0 o.o/ 
1.0 2R 0.0 / 

5D / 
2,777778-1 2.949854-1 3.831418-1 / 
0.0 3R / 
1.55-3 3.8-3 8.0-3 / 
3.15-3 2.5-3 0.0 / 
20.0 10.0 0.0 / 
0.0 3R 

1 3R 1 3R 

0-0 3R 

2 3R 1 38 

7 D  / 

8D /” 

7D 1 

8D / 
0.0 3.3-3 0.0 5.2-3 Q.0 6.7-3 

O V  GEODST 
1D / 
1 4 3 3 1 3 1 1 9 9 5 1 0 0 1 0 0 1 6 1 0 0 1  
0 5 R  / 

0.0 8.0 16.0 25.0 
0.0 18.0 
0.0 15-0 
La 2 3 /  
9 /  
5 /  

2160.0 2160.0 2430.0 / 

4Q / 

5D / 

0.0109045 / 
0.0 1.0+30 1.0430 0.0 1.0030 1.0a30 / 
0.4692 
1 3 H  .# 
1 2 3 4  

7D 4 

7D / 

7D / 

7D / 

7D / 

OV NDXSBP 
1D / 

(1 4R 2 2 R  3 3R) 9R / 

(1 4R 2 2R 3 3R) 9R / 

(1 4R 2 2 R  3 3R) 9R / 

(1 4R 2 2R 3 3R) 9R / 

(1 4R 2 2R 3 3R) 98 / 

(CONT) 
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. ...... 

3 1 3 3 3 0  

(*ZONEl* * Z O N E 2 *  *zONE3*)  2R 0.0 6R 0 38 3 0 0 0 
{ l  2 3) 2R 

2160.0 2160-0  2430.0 / 
1.0 1.0 1.0 
1 1 1  

O V  Z N A T D N  

2D / 

3 D  / 

1D / 
0.0 0 3 3 1 

1.0 0.0 2R / 
0.0 1.0 0.0 / 
0.0 0.0 1.0 

2D / 

STOP 
END 

INPUT PROCESSCR DATA.  
OV CONTRL 

? D  P R O I N S  / 
* 2-D 17x10 - 5 GROUP SEARCH PBOBLEH * P B I H A R Y  SEARCH = NUCLIDE(D1RECT) - SECONDARY SEARCH = DIMENSION * * *  * 0.0 74R 0 1OOA 

1D XCPINS 0.0 l O O R  0 3R 1 0 18R 1 1 0 76R 
1D DTNINS / 
0.0 3R 2345.0 1 - 0  0.5 0.0 4B 1.OE-6 5.0E-5 0.0 888 / 

I D  DVRINS 0.0 IOOR i a o o o  o W R  

Q 3 R  1 3 R  0 3 R  7 O 9 R  3 5  0 8 R  1 1  0 1 1  0 1 0  0 ? 5 R  
0 0 5 1 1  0 3 R  1 0  1 1  O 3 R  1 2  O 4 1 B  

1D RRTINS 0.0 l O O B  0 5R 1 0 0 0 1 1 1 0 1 0 86R 
1D * * 0.0 100R 0 l Q O R  
Q V  ISOTXS 
f D  / 

2D / 
5 1 5 0 4 0 1 1 1  

* 5 GROUP LHFBB CROSS SECTION SET. 
*0-16 * *NA-23 * *CR-N * *HN-55 * *FE-% 4 * H I - N  * *?la-N * 
*TA-181* +U-235 * *U-238 * *PW-239* *PU--240* +PU-241* *PU-242* 
*SSFP * 

0,755037 0,238025 0.006938 0.0 2R / 
2579.927 891.3213 324. 5034 109,3773 41.77161 / 

0 3 6 9 12 15  18 21  24 27 30 33 36 39 42 
i , w i 8 2 ~ + 7  8.2C85E45 6 . 7 3 7 9 s ~ + u  9118.ai6 748.5188 ~ . O E - Y  1 

4 D  / 
*0-16 * *CITNXS* *0-16 * / 

15.86200 0.0 5R / 
0 0 0  0 5 R 1 1 0 0 1 /  

1 5 R  

2 .00  1419E+00 3,538190E+00 3,530899E400 3.586479E+00 3.802440!3+00 
0.0 0.0 0.0 0-0 0.0 
6.0586593-03 0.0 0.0 0.0 4.388488E-16 

1 2 3 2 2 /  

5D / 

7 D  / 

+ * 

* 

(CONT) 



4 5 0 -1 2 

5D / 
2-036969E+OO 3,53875OE+00 4-970710Er00 1,15a1060E+01 3,192539E+00 
0-0 0.0 0.0 19.0 0.0  
1.7861458E-03 5,146Q89E-84 1,094200E-03 1.2071 10E-02 5, f16218E-03 
1.541630E-06 0.0 0.0 0.0 0.0 
2~000000E+00 0 - 0  0.0 0-0 0.0 
7. 350370F-01 2-380350E-01 6.9379997’-03 0.0 0.0 

7 D  
10E+00 3,743600E+00 4.18SY79E-01 4.857280E+OO 1.32443OE-01 

1,4526OOE-04 1.609309E+01 1. hbl48lbOE-01 3.05Q230B400 5,44974QE-02 
4D / 

*CR-L 4% *CITNXS* *c4-w 8 / 

1 2 3 4 5 /  

52-81000 0.0 5 R  / 
5 0 0  o 5 a 1 1 o o 1 /  

1 SR 
5D / 

I . ~ ~ S ~ ~ O F + O O  2 , a 4 7 6 w ~ + o o  4. O ? ~ ~ @ O E + O O  1 . 2 5 8 5 6 0 ~ + a i  Y . U ~ ~ O ~ O E + ~ O  
0.0 0.0 0 - 0  0.0 0.0 
3. Q825WB-03 4.574687E-03 7 . 5 4 8 5 4 8 ~ Q 3  1.37US99E-a7 1 1.257BZOE-01 

2 - 6 5 k 6  ‘r OEtOO 3.672379E400 2,405780E-01 4.268359EeOO 3,89833QE-02 
6.13R5 1 9 9 - O S  1.2QS!90E+Ol 1.09U289E-01 0.0 4.783099E-04 

7 D  / 

v , ~ ~ ~ ~ w E + o o  3 , 1 2 2 9 0 0 ~ - 0 2  0.0 0.0 2 . 7 a 5 9 6 0 ~ - 0 5  

5 4 - 4 6 6 0 0  0 - 0  5R / 
5 1 1  0 5 R 1 1 0 0 1 /  

1 2 3 U 2 . i  

4D ./ 
* E N - 5 5  * * C I T B X S *  *NN-55  * ,‘ 

1 5R 

2-59 a 549E*O8 5.235 S30E +00 1 I Q564 1 OEoO 1 6.231 16 OE+O 1 1 - 00266QEaW 
0 - 0  0 - 0  0.0 0.0  0.0 
4,334LaO9F-03 1.134890B-02 5. Y482lOE-02 3-6528693-01 3.209O69E+OO 
1.0531C06-08 0-0 0.0 0.0 0.0 
2.000000E+00 0-0 0.0 0.8 0 - 0  
7.550370E-01 2-380250E-01 6 .93mWE-03 0 - 0  0 - 0  

2- 3’Fu?19P+00 5,436893Ee00 4.263hROE-01 1.39675QEtQl  1.851780E-01 

l,453200t?+0’2 1-011980E-01 

5l-i / 

i B  ./ 

1-91  1 9 0 0 ~ - 0 2  - J . ~ I ~ O O ~ E + O ~  ~ , 3 2 t ~ 2 0 ~ - 0 1  5 . 9 1 ~ 1 0 8 ~ - 0 3  5.526468~-04 

QD / 
*PE-N * +CI’LIXS* *PE-N * / 

55.8as5QO 0.0 S a  / 
5 0 0  O S i i 1 1 0 0 1 /  
1 2 3 u 2 /  

(COWT) 
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1 5R 

2,16809OE+OO 3.482690E+00 6.5663 19E+00 9.031090E+OQ 1.055570B+01 
0.0 0.0 0-0 0.0 0.0 
2.53985OE-03 5,252499E-03 1.946380E-02 5,074910E-02 2.0568303-02 

2,565539E+00 3.926530E+00 3,419320E-0 1 7,63637 9E+00 3 - 9 4  11 1 0E-02 
1.161200E-02 $.834049B+00 8.63197aE-02 0 .0  5,354248E-04 
1.04 70  9QE+ 0 1 6 -575 63 8E-0 2 

5D / 

/ 

4D / 
*MI-N * *CITNXS* *NI-N * / 
58-7C500 0.0 5R / 
5 0 0  0 5 R 1 1 0 0 1 /  

1 5 R  
/ 

2,299829E+OO 4.373010E+00 1.716609E+01 1.579460E+01 ln633490E+01 
0 - 0  0.Q 0.0 0-0 0.0 
7-41  1516E-02 9,023577E-03 1,714480E-02 1,964660E-02 3,636980E-02 

1 2 3 4 5 1  

/ 
~ . P ~ S ~ U ~ E + O O  4 . 6 2 1 8 a g ~ + o o  ~ . u o ~ ~ - J o E - o ~  i . 8 3 6 9 4 9 ~ + 0 1  1 , 5 9 2 6 ~ 0 ~ - 0 1  
5.3832873-03 1.589590E+01 9.3649693-02 0.0 S.395960E-04 
1 - 6 1  7560E+01 9.805179E-02 0 .O 0.0 4.56925OE-06 

4D / 
*nO-N * *CITNKS* *HO-N * / 

95-06600 0 - 0  5R / 
5 1 1  0 5 R 1 1 0 0 1 /  

1 5R 

3-66 3779E+OO 1 . 08 5640?2+OO 7.3289 59E+00 7.27 1 U2 9E+00 1,323520E+QI 
0.0 0.0 0.0 0 - 0  0 - 0  
2.366335E-Q2 6,210750E-02 2.112700E-01 1.518339E+00 3.248449E+00 
1,485650E-03 0.0 0-0 0.0 0-0 
2.000000E+00 0.8 0.0 8.0 0.0 
7.550370E-01 2,3802503-01 6 -  937999E-03 0.0 0-0  

4.577000E+00 8,4791993+00 8.577590E-01 7.315180E+OO 7,333905E-02 
1.58 8170E-02 5,65871 O E + O O  3,78363OE-02 8.116618E-04 9Y642159E+00 
2.03 02gOE-02 C , o  2-7107293-05 

*TA-181* * C I T N X S *  *TA-101* / 

1 2 3 3 4 /  

5D / 

7 D  / 

QD / 

179.3900 0.0 5 R  / 
7 1 1  0 5 R 1 1 0 0 1 /  

1 5R 

4,137730E+00 6,666160E+00 1.075010E+01 1.687169E+01 2- 470959E+01 
0.0 0.0 0 - 0  0.0 0.0 

3.773690E-03 0.0 0 - 0  0.0 0 - 0  
2.000000E+00 0-0 0.0 0.0 0.0 
7.55037OE-01 2.380250E-01 6.937999E-03 0 - 0  0.0 

1 2 3 3 2 /  

5 D  / 

- ~ 6 4 8 0 6 9 ~ - 0 2  2 - 8 8 7 5 9 9 ~ - 0 1  a . 2 5 8 2 9 0 ~ - 0 1  3 . 2 2 4 4 2 0 ~ + 0 0  6, t366340~+00 

/ 
(CONT) 
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5.053289E+OO 7.277980E+00 1.300570E+O0 1.042640E+01 1.. 379648s-0’9 
2. OS 91 30E-02 1, LEES 1 O4OE+L? 1 7.5 60796E-(32 1 - 50033 OE-03 2,003560E*0? 
3-95 6 9  10E-02 

4 D  / 
*La1235 * * C I T N X S *  +15-235 * / 

2 3 3 - 0 2 5 0  3.148100E-11 0.0 4R / 
1 1 1  o 5 a 1 1 0 0 1 /  

1 2 3 3 3 /  
1 5R 

4 - 7 6  0 5 0 0 E+ 0 0 8.2 2 2 5& 9 E +0 0 1 - 3  5 9 5 3 0 E + 0 1 1 - 9 1 4 3 1 9 E + 0 1 3.. 1 8 0 2 2 9 E+ 0 1 
0.0 0.0 0.0 0.0 0 .0  
6 . 75 3 0 6 3 E- 0 2 
1.2764C9E+00 1.422770E+00 2,39’?539E+OO 5.349660Ec00 1, 433350E+Ol 
2,667859E+00 2.457879E900 2.  U33379E+00 2.U30389E+00 2. U30070E+00 

5D / 

2.9 5 3 39 6 E - 0 1 8 I 3 2 3 0 0 2 E - 0 1 2 3 4 0 73 9 E  +O 0 6 - 1 1 4 1 9 3 E+ 0 0 

7.550390E-01 2,360250E-01 6.937999E-03 0.0 0-0 
7D / 

4,8569703+00 7.983669B+00 7.749810B-01 1.06198QE+Ol 1. 128620E-01 
6 - 2 6  2039E-03 1 .. 13 5630E +O 1 3.0061 50E-02 6.0 1938 OE-Olr I.. 17291 OE+01 
1.91 1250E-02 2-0765502-05 

4D / 
*:19-238 * *691NXS* *U-238 * / 

236.0060 3.162500E-51 0.0 43 / 
2 1 1  0 5 R T l O O l /  

1 5 R  
1 2 3 4 3 /  

5D / 
4. $4 676 OE+OO e -57 1 039e +oo 1.3 4 4 3 7 0 ~ 9  01 I . 7 68 1lr 9 ~ 4 0  1 1.89023 OEs.0 I 
0.0 0 - 0  0.0 0.0 0.0 
8 - 4 5  75 45E-02 1.702 173E -0  1 4.6045 30E-0 1 9 . 7 3565OE-8 1 1 . 38 1539E+80 
3.346020E-01 2,376520E-04 8.0 0.0 0.0 

7.55C37BE-01 2.38025OE-01 6.937999E-03 0-0 0.0 

QE., 988310E+00 1.002520Ec01 I .  618430E400 1.325670B+Ol 1- 35757BE-01 
4 , ~ 4 6 1 9 0 E - 0 2  1.698059E+01 4.  l lO790E-02 5.152000E-04 2.062660E-04 
7.838379E+01 1.894WOE-02 3 -  667950E-04 

2.T86519E+00 2.466Q39Ec00 0.0 0.0 0.0 

7D / 

4D 1 
*PU-2394 *CI ‘ IWXS* *PU-239* / 

236,9990 3.25€600&-31 0.0 Y R  / 
1 1 1  o 5 H 1 1 0 6 l /  

1 5 R  

1Q, 9543Q9E+00 @,718180E+00 1.417930E+01 1.948119E+01 3. 271959B+01 
0.0 0.0 0.0 0.0 0 .0  
1.869965E-02 1.303405S-01 5.475597E-01 1.756830E*QO 5. 105810E+00 
1.88307UB400 1.5UU629F.4-00 1.793650E+00 3.520470E+00 9.346289B+00 
3.. 159670E*Q0 2.908930Eo00 2.874329E4-00 2-8704892+00 2.870060E+00 
7.550370~-01 2.3ao250e-01 6 . 9 3 ~ 9 9 ~ - 0 3  0.0 0.0 

1 2 3 3 2 /  

SD / 

7 0  / 
4- 355099E+OQ 8.660600E+00 6.977UQOE-01 1.1520%0E+OI 5,938330E-02 
1-4QSBSOE-02 1.2281POE+01 5.99654OE-02 1.393650E-04 1.321710E+Ol 
2.244640E-02 
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4D / 
+PU-240* *CITNXS* *PU-240* / 

237.9900 3,282700E-11 0 - 0  4R / 
2 1 1  O 5 B 1 1 O O 1 /  

1 2 3 u 3 /  
1 5R 

5.054469E+00 8.604670E+00 1.371420E+01 1.888170E+01 2.418489E+01 
0.0 0.0 0.0 0.0 0.0 
9. U90967E-02 2.09938OE-01 5.826710E-01 1,765706E+00 5.. 535801E+00 
1.51)3460E+00 2.327840E-01 1.00823OE-01 8.2482403-02 5.1869OOE-02 

7.550370E-01 2.380250E-01 6-937999E-03 0.0 0.0 

4.9441 10E+00 1.004100E+01 9.152250E-01 1.332420E+03 9.7Q15862-02 
1.4179203-02 1,696700E+Ql 3.65712QE-02 4,508259E-05 1- 091320E-04 
1.921140E+01 3.2377602-02 1.6427602-05 

5D / 

3,146529E900 2.93 5940E+00 2.87426QE900 2.870649E+OO 2- $7007OE~OO 

4D / 

UD / 
*PQ-2Ul* *CITNXS+ *PO-241* / 

238.9480 3.30510QE-11 0.0 4R / 
1 1 1  0 5 R 1 1 0 0 1 /  

1 5 R  

5-104230E+OO 8.643849E900 1.269630E+OI 1.9?6459E+Ol 3.76709OE401 
0.0 0 - 0  o * o  0.0 0.0 
2- 66 89 53E- 02 
1.703650E+00 1.869960E+OO 3.036860E+00 6-6539503+00 1..995859E+Ol 
3.25694OF90O 3.005619E+00 2.973280E+00 2.969U89E+00 2- 969060E+00 

1 2 3 4 3 /  

5D / 

2.172 99 5E-0 1 6 . 0641 002-0 1 1 - 6 5  8990E+O 0 5,6 142 12E+OQ 

7.550370E-01 2,380250E-01 6,9379992-03 0.0 0.0 

U, 529670E+OO 7,8?3819E+00 1.165449E+00 9.113990E+00 3.18f!OUOE-01 
7,1229463-02 1,127190E+01 8,141530E-02 5.656999B-63 2. 550660E-84 
1.2999COE+01 2.077500E-02 1.391030E-03 

7 0  / 

/ 
*PU-242* *CITNXS* *PU-242* / 

240.1U58 3.276200E-13 0.0 4R / 
3 1 1  O 5 R 1 1 O O 1 /  

1 5R 
1 2 3 2 3 /  

5D / 
4 .493779~900  7.721 160E+00 1.416950E+Ol 2,0933793+01 2,864119E+01 
0-0 0-0 0.0 0.0 0.0 
4.164982E-02 1,358U70E-01 4,516167E-01 1.535060E+00 5,900109E+OQ 
1.45354OE+00 1.398230E-03 4,6323203-02 0.0 0.0 
3.122$COE+00 2.885630E+00 2 -  812289E+OO 0-0 0.0 
7.550370E-01 2.380250E-01 6.937999E-03 0 - 0  0.0 

5.051700E+00 9.356939E+00 6.037650E-01 1.433580E+01 1,291580E-Ql 
1- 09 22 4OE- 02 1,935 21 OE+O 1 4.5 895 1 OE-02 2 -4  3 176 OE+O 1 3.52235OE-02 
6,624369E-05 

-ID / 

4D / 
*SSFP * *CITNXS* *SSFP * / 

161-0000 0 - 0  5 R  / 

(CONT) 

- .... 
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4 0 0  0 5 R 1 1 0 0 1 /  

1 5R 

3.56 3750E-02 9.371 830E-01 3.716339E-0 1 9,2948OQE-0 1 3.085389E+00 
0-0 0.0 0.0 0 - 0  0.0 
3.68 0390E-02 1.409 680E-01 3.7713 6OE-0 1 9.28 332 OE-0 1 3.13091 9E+00 

0.0 0.0 0.0 0.0 0.0 

1 1 1 1 1 /  

5 D  / 

7D / 

O V  GEODST 
1 D  / 

3 B  / 
7 8  18 1 6  3 1 1 7  10 1 1  2 2 1 2  2 1 6  1 0  0 1 0  5R 

0.0 12.4182 4 2 - 4 8 2  57.482 77.912 98,659 113,899 / 
0.0 12.241 30.34 56-06 / 
2 3 5 R /  
3 3 4  

5991.004 63406.07 57658.88 106365.1 140865.9 121i564-3 8859.246 
93762.25 85263.5 157288.2 208306.6 184200-5  12588.94 133235.6 
121159.0 223505.7 296002- 6 261747.9 / 
0.0 / 
0.0 0 .9692  2R 0.0 0.4692 2R / 
0.4692 / 
1 8 R  / 

5D 1 

7 6 8  3 3 R  ( 1 6 8  1 3 R  2 5 8 /  

(1 1 2 3 R  3 3 R  4 3R 5 3R 6 3 R )  3 R  / 
(7 7 8 3 R  9 3R 10 3R 1 1  3R 12 3R) 3R / 
(13  1 3  1 Y  3R 15 3R 16 3R 17 3R 1 8  3R) 4R / 

7D / 

O V  NDXSEP 
/ 

2D / 
1 5  Q 1 4  15 8 4 

(40-16 * *NA-23 * *CR-N * *HN-55 * *PE-W * *NI-N * *PIO-N 4 
*TA-181* *U-235 4 *U-238 * *PU-239* +PU-240* +PU-24 I*  *PU-292* 
*SSF!? * ) 2R / 
0.0 1 5 B  / 
15.862 22.786 52.01 54.1466 55.845 58.705 9 5 . 0 6 6  179.39 233.025 
236 .006  236.999 237.990 238.978 290.145 1 6 1 . 0  / 
0 6  5 5 H  7 5 2 1 2 1 3 4 /  
(14 0 3 R )  3 S  7 0 3 R  / 
1 2 3 4 5 6 7 8 10 11 12 1 3  1 4  1 5  / 
(1 2 3 4 5 6 7 8 9 I O  11 1 2  1 3  15) 2 R  / 
2 3 4 5 6 7 0  0 7 R /  
1 2  3 0 5 6 7 8 0  9 10 11 12 13 1 4 /  
(1  2 3 Q 5 6 7 8 9 90 11 1 2  13 0 1 4 )  2 H  / 
0 1 2 3 4 5 6 7  Q 7 R /  

256983.6 223505.7 189884.9 157288.2 296002-6  208306.6 498851.2 
445948 .4  / 
1.0 0.Q 1 . 0  6 8  / 
55876-92 Y R  / 
1 0  3 4 R 4 4 1 4  

3 D  / 

(CONT) 
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2 4R / 
2 4R / 

OV Z N A T D N  
1D / 

2D d 
0 - 0  0 1 2  14 1 

1.8048COE-02 8,218598E-03 2-9459002-03 4.325500E-04 

2.89 6 199E- 04 2- 79 6 900E-0 5 7.2 170 99 E-06 5.2 23 99 8E-0 4 
0.0 14R 1,8048003-02 / 
8.2t8598E-03 2.945900E-03 4-325500E-04 1.1349OQE-0.2 
5.186498E-04 5.261 999E-05 2,124799E-05 8.5963988-03 
6,1972003-96 9.999999E-16 4.,515% QOE-05 1.804600E-O2 
2.9459QOE-03 4,325500E-OU 1,134900E-Q;! 2-078700E-03 
5-26 19993-05 2,924799E-05 8.596398E-03 l.$UlSOOE-O4 

2, oa w a o e - 0 3  5-1 8 6 4 9 8 ~ - 0 4  5 . 2 6 1 9 ~ 9 ~ - 0 5  7.1 7909 6 ~ 4 3  

9 ,999999~-16  ~ . F ~ I ~ I o ~ E - o ~  1. ~ O U ~ ~ O E - O ~  8 ,21859a3-03 
4,325500~-0rr  1 . 1 3 4 9 0 ~ ~ - 0 2  ~ . O ~ R ~ O Q E - O ~  5. ia6498E-04 
2- 1 2 4 7 9 9 ~ - 0 5  8 ,596398~-03  I .  a415oo~-orr  ~ , I Y F ~ Q O E - O ~  
4-53 51 003-05 1,804800E-02 8-21  8598E-03 2.94Y3QQE-03 
1.1349OOE-02 2-078700E-03 5.186498E-Q4 5,244999E-05 
8.5963983-03 1,8415803-04 6,197200E-06 9,999999E-I6 
4,359998E-03 1,1496003-02 1.688000E-03 4.428800E-02 
2,02WOQE-O3 9-9999993-16 ,i 

0.0 7R 4,359998E-03 1.1496019E-02 
4,42@RCOE-02 8-1119983-03 2.02U0QOE-03 9,999999E-16 
0-0 7 R  1.804800E-02 / 
8.21 8598E-03 2.945900E-03 4. 3255OOE-04 1.l34WOE-02 
5,186498E-01) 5.261999E-05 2.124799E-05 8.596398E-03 
6,1972OQE-06 9.999999E-16 4.515100E-05 1=804800E-02 
2-94 59 0 0 E- 0 3 2 0 7 87 0 03- 0 3 
5.261999E-OS 2,124799E-05 8.596398E-03 1.841500E-04 

4.325500E-OQ 1.134900E-02 2.078700E-03 5-  1864983-04 
2.1247993-05 8,596398E-03 4.8415OOE-04 6.197200E-06 
4.51 5100B-05 1.804800E-02 8,218598E-03 2.9U5900E-03 
1,1349603-02 2.0787003-03 5.1844982-04 5.2419993-05 
8,596398E-03 1,041 500E-04 6.197200E-06 9,999999E-16 

4.3 2 5 50 0 E - 0 9 I , 1 3 49 0 0 E- 0 2 

9 .999999~-16  ~ . s i 5 1 0 0 ~ - 0 5  1, E I O U ~ O ~ E - O ~  8.2 1 a 5 9 8 ~ - 0 3  

O V  SEBRCH 
1D / 

2D / 

5D / 

*14-238 * *P?3-240* *PO-239* / 

7 2 0 10R / 

1-01  0-0 0.00005 0.001 0.0 6 R  / 
9 0 0 0 3 R  3 1 2  0 0 0 8 0 1 7 R /  

1 2 /  

0-0001 0,0002 0.0003 
/ 

2D / 

3 D  / 

8 2 0 48R / 

1.01 0.0 0 .00005 0,001 0.0 6 R  / 
5 0 7 6 3 1 0  0 2 0 0 0 0 1 8 R /  

1.8 1.0 1.0 1.0 0.0 0.0 / 
0.0 0.0 0.5 / 
0. Q 
10 1 
-10 0 19H/ 

STOP 
END 
/" 
// 
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Table 450-2. Input for Two Sample Problems i n  the Special 
I n p u t  Processors Format 

/ / U S E R I D  J O B  ( C H A R G ) ,  'RDRES-NAHE COE 25-44' , 
// MSGLLEVEL= ( 1  , 1) 
/ / W L  A S  S 
/ /STEP EXEC BOLEVENT, 
// N% 1=1,NB2= 1, BI=3520, %2=15360,NX=2, #S=50, P a l = l O O  , 
// N2=4,N3=13.Nr)=18 N5=G8N6=I0,N~=l ,N8=1 ,N9=2,M10=2,N1 l=3,N12=S,NI3=2, 
// N 1  4=1,N15=10, 
// GOSIZE=300R 
//GO, STEPLIEJ DD DSN=II"B.EJOLD.VENTllRE. #E 
//GO,SISI.N DD * 
=CONTROL1 

015000  

END 
DCN AC R 

3 
CITATION H A C R O S  TO &I.CRC)S. 

CP 09 S O 3  f l u  R E  G I  ON=0300K I O = O  1 5, LX NES= 19 ,@ AB D S = O  0 

V E N T U R E  S A H P L E  PROBLEPI R U N  - U S I N G  THE SPECIAL INPUT PROCESSOXS, 

2 2 6 2 7 2 2 6 2 7 0  

008 
3 1  

1 

1 

1 

2 

2 

2 

3 

3 

3 

0 

END 
DCRSPB 

ZQNE 1 
ZONE 2 
ZONE 3 
END 

0 
1 1.677 

0.0 0.04378 
2 0.8696 

0.0 0.0 
3 0 - 3 3 4  6 

0.0 0.0 
1 1.83 1 

0.0 0.0043 
2 1.214 

0.0 0.0 
3 1.0 

0.0 0.0 
1 1.367 

0.0 0.0201 6 
2 1.022 

0.0 0.0 
3 0.6602 

0.0 0.0 

0.6 0.4 

1 1 1  
3 

0.0 0.0 
0.0 

0.02864 0.08755 
0.04295 

0.1132 0 , 1 0 8 8  
0.0 

0.013 0.0 
0.0 

0.008 0.0 
0.0025 

0.0 
0.0 
0.0 

0.0029 
0.01 39 2 
0.00716 

0-0 

0.0 

0.0 

0.0 

0.0 

0.8 -1 3 

1.0 -1 2 

1 1  

(CONT) 
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DVENTR 
00 1 

0 - 0  

1.6 
0.0 

1 
1 1  

003 

.... .. ~ 

3 1  

8 3 3 1 2 1 1 1 0 3 1  
0.00 1 
0 - 0  0.0 0,4692 

2 
004 

4 .1707963 8 1.4 4 
6 30.0 4 5.0 4 

1 1 1 1  
2 1 2 1  
1 1 1 1  
3 3 3 3  

0 12 
0 
1 3 1 1 1.0 
0 

013 
3 
3 

ZONE !ZONE 2ZONE 3 
020 

1 1  
ZONE 1 1.0 

2 2  
ZONE 2 1.0 

3 3  
ZONE 3 1.0 
0 

EHD 
?ICE AC R 

3 
CITATION MACROS TO RIICROS. 
008 

0 05 

2 1 0  
1 1 1.5 

0 .0  0.0033 
1 2 1.2 

0.0 0-0 
2 1 1.7 

0.0 0.0052 
2 2 1.13 

0.0 0.0 
3 1 1.2 

o * o  0.0067 

.1707963 8 1.4 
10.0 6 25.0 

0.0012 0.004 

0.0047 0.063 

0.0007 0.0004 

0.0063 0.025 

0.00052 0.0 

5. -14 

1,96875-1 3 

5. -15 

6 - 2 5  -14 

(COIT) 
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3 2 
0.0 

0 
1.0 

END 
DCR SP R 

1 1 1  
3 

ZONE 1 
ZONE2 
ZON E3 
E tin 
DVENT R 
001 

0.0 

Y 1 0 
1 1 1 1 1 1  

14 1 0  0 1 0  
0.01 090Y5 

003 

004 
4 8 - 0  2 
9 18.0 
5 15.0 

1 1 1  
005 

006 
2 
5 6 1 9  
3 
7 9 1 9  
0 

012 
0 
1 3 1 1 1.0 
0 

0 13 
3 
3 

ZONE1 ZCNE2 Z C N E 3  
0 28 

1 1  
ZONE1 1.0 

2 2  
Z O N E 2  1.0 
3 3  

Z O N E 3  1.0 
0 

END 
/* 
// 

0.87 0.008 0.0 
0.0 

10.0 

0.09 
0 0 50 

1 1 0 0 1 1 2 4 1 1 1 1 0 2 1 5  

0 1 0 0 0  

8.0 3 9.0 

1 5  

1 5  



Table 450-3. Selected P r i n t o u t  for Sample Problems 
BOLD V t N l U k E  V L R S - 2  RUtr A T  K - 2 5  O h  %1/195. C O N T R O L  M O D = C O N T 9 L I L I ~  D A T F = q h - O ? - T T .  TIMC=Q".31.33. J O A h A M F s T F F 4  

I h l T I L I Z A T l C Y .  E F F E R t h C E  - R F U L l h I N C  I/O= 29.94. C P U  * IN=  3.0C 

R U N  T I T L E  PkD CCNTIZOC WOCLCE G h T )  
+ L + + I * + l * t Z * * * * l l * * l * V E N T U R E  R U h  - S k M P L F  PUOHLFHS**+*f"*lDl+*++++**+t*+ 
ieaoo c o  0 1 i) 0 o o q n ~ o f i o  
1 6 7 1 7 1 6 7 4  

H O V U L C S  T D  B F  A C C E S S E D  I \  C R C t E  

1 e 7  1 7 1 6 7 9  

I k l T l A L  1 / 0  F I L F  M A Y A G E M t N T  T A t l L F S  
F I L E  k A H E  S U P P L I E D  B Y  ___________--__________________ 

F I L E  Y U H J t P  S E E K  U C E R - E X I S T  U S E R - S T A C K  V E C S I O N  W R I T T E N  
1 0  CONTEL 1 I 

R E A D  D A T A  AND ACCESS M O D U L E  I - REHAINIYG i n =  74.87. CPU HIN= 2.94 

READ I N P U T  D A T A  O N L Y  ( C O C K - b U E B C )  - R E M A I N I N G  11O= 2 4 - 2 7 .  C P d  HIN= 2 - 9 5  

A C C E S S  MODULES b 7 S F P - R C H A l N I N G  I/O= 24 .14 .  CPU W I N =  2.94 
I r e R A T r m s .  C O N V E R G E ~ C C .  CELQCU. PEAK POWER D E V S I T Y ~  K - IH - 2 . 1 4 7 w o - n ~  7.9 
A U J O l h T  - I T E 9 A T I O Y S .  C C h V E P C F N C E .  K - I 1  1.147363-05 0 . 6 1 1 9 7 6 4  

ACCESS I N P U T  M d V U L t  1 - R F M A I N I N G  I / O =  7 2 . 1 7 .  C P U  * IN=  2.70 

R E A D  INPUT O A T &  ONLY ( L O C K - L W E L C )  - REMAINING 1 1 0 -  31.83. CPU MI%= 2.66 

c 

F I L E  N d W Y E H  
1 0  

I f  
12  
1 1  
1 4  
1 5  
1 6  
1 7  
i d  
1 9  
2': 
30 
31 
38 
6 3  

W R I T T E N  
I 
I 
1 
1 
I 
1 

I 
1 
I 

1 
I 
I 
1 
I 

1 

UI 
0 
I 
hr 
3 



h U N  T I T L E  - P E R I I I O I C  t l O U k D A U Y  I N  T H F T A - R  GEOMETRY. C A S E  A 4  W l T H  S L A C K  AHbURBFR 
~ 4 x 2 ~ s . ~  GROUP, 1440 P O ~ N T S  F W R O .  + ADJ. 

G E F C R F N C E  R E A L  T I M E  f R O M  Z k A T D h  I L T E R F C C E  F I L E  = 0.0 D A Y S  

S O L U T  LOk BY F Z N I T E - 0 1  F F E R E N C E  C I F F U S  I O N  THEORY 
E I G F N Y A L U F  P R O B L E M  
A U E G U L A R  A D J O I N T  # I L L  F C L L C W  F C R N A P O  P R O B L E M  
G ~ B Y C T R Y  NO. 6 Z-D r M ~ 1 b - R  
hUM6FU O F  E W R G Y  GUOUPS 
NUMbEU OF U P S C A T T E R  G R O U P 5  ( M A X I  
k U M t l E P  ff DOWNSCATTEU GRCUPS ( M A X )  
NUMBER OF I N T E R V A L S  I N  O I M E h S I C k  1 I C M U M N S )  
h U M e t C  OF I N T E R V A L S  I N  D I M E N S I O N  2 ( R O W S )  
h U M B t R  OF I N T E R V A L S  1 N  O I C E h S I C h  3 ( P L A N E S )  
NUMBER OF ZONES 
NUMdCR O F  R E G I O N S  
NUMHEY O F  B L 4 C K  A 0 5 0 R 8 E R  Z O N E S  
6 0 U N D A U Y  I N O I C A Y U R S -  L F F T  3 R I G H T  3 

T C P  1 eCTTOM 2 

3 
0 
1 

24 

1 
3 

16 
1 

v 

S T O Y L G E  A V I I L A 8 L . E  
MACRl' C A L C U L A T I O N  
E G U A T I O N  C U N S T A N T S  C A L C U L A T l t N  

CIXlE C O N T A I N E D  C R  S P A C E  S T O R E 0  
P L A N E  STl lREO 
ROW STORED 
MVCTI-LEVEL P L A L F  ~ T C P E D  

I N I T I A L  F L U X  
COHE C O N T I I N F O  C R  S P A C E  S T O R E D  
CTHER MODES 

I T E R A T I V E  P R O C E S S  
CORE CONT a i  NFO 
S P A C E  STORED 

1 P L A N E S  STOHEO 
1 P L A N E  STORED 

20 ROWS STORED 
1 ROW S T O R E D  
1 M U r l - L E V E L  P L A h E S  S T O C E O  

P F R T U R t l A T I O N  C A L C U L A T I O N  

MEMORY R E O U I R E H E N T S  F O R  D A T A  S T C R A G E  

T U T 4 L  9 R 
M l h l L I U M  

I300r) 
I87 

7 9 0 9  

9 4 4  
4 349 

3 6 7 0  

1 7 3 3  
1 7 3 3  

14731  
6836 
0 7 5 7  
8 7 5 7  
6495  
1 0 3 1  

I I151 
2926  

M A X I M U M  

2 9 1 9  
3870 

9 4 4  
4 3 4 4  

1 7 3 3  
1 7 3 3  

11654  
5805 

7 7 2 h  
7 7 7 6  
54 64 

? R R I  

r 

G A T A  W I L L  € E  STORED F i l R  A L L  G R C U P S .  A L L  S P A C E  

CEMCHV L O C A T I O N S  R E S E R V E D  F O R  C P T A  S T C R A G € - - -  I n 9 9 3  
M A X  M E M O R Y  L O C A T I O N S  R E O U i R E O  F O R  T H I S  PROB-- 14791  
L I E M O i l Y  1 3 C A T 1 0 ~ 5  N O T  USEC-------------------- 3219 

S P E C I A L  S C R A T C H  0 4 T A C E T  R E C ~ I R E M E N T S  
MAXIMUM P n y s f c I c  UECCRD I S  7 2 0 0  WORDS 

R I T E  C O N T A l N E R  A R R A Y S ,  C C h T R C L  36 D A T A  3253 
F ( L E  2* D F F A U C T S  TO C O R E  - NOaRECS.  REC.LNTn .  T O T s L N T H .  S T A R T  L O C .  CORE L E F T .  

990 
9 9 1  
9 9  r? 
$9') 
9 9 3  
9Qn 
9 9 0  

c D 

I 
N 
N 

32 1965  
I 1  
4 1  0 
0 1  

4 1  0 
4 1  
4 1  7 7 4 "  



A F L U X  - F I G E N V A L U E  P R O B L E P  F O C c C b S  
4 INNERS M I N s  4 I N h E W  VAN - C C e U Y C h E V  Q t T A  CN I N N E R §  

SIGMA-1 O R D E R I N G  
PRUCEOURE=G.I~2~3.4-NORMAL~CHEEVSH€V~SEMEX~OEUEX~SEMEXF~ ICVR=O. l -YES.NO I N N F R S  CONVR. 9 C V R r 0 .  l - V E S * N O  OUTERS CONVP. 
I T E R  P R O C  t C V R  OCVR F L U X  C b A N G E  *U-BAR OTHER-MU SEH-IND A C C E L E R A T I O N  P A R A M E T E R S  S O U R r E  K-USFO K-CA.C 

1 E 0 0 1 . 1 4 6 6 7 0  C O  0 . C  0.0 1 .OO000 0.0 0.0 q . 8 2 5 ~ 7 ~  1 3  i.?nonono 7.6174907 
2 0  I 7 e.i~3t?o 0 1  29.96ies 0.0 1 .DOCOO 1.0000n ".D 5191452E 13 I .90nC0PII  0.hlE4f.22 

NEU O V E R R E L A X A T I O N  C O E F F I C I E N T S  C 6 L C U L A T E O  
1.42392 1.39867 1.2784~ 
3 0  0 I I . 7 8 I 8 ) P O  01 0.58299 0.0 I .G@OOO 1.39809 9.0 3 . 5 2 3 1 7 ~  13 0.761~642 ~.6060385 

5 1  I 0 -4.909610-62 C.9 o.n  0.58715 3 . 0  2.85779~ 11 n.*nteiir 
4 0 0 0 e.065130-01 0.26811 0.0 I .oonoo 0.67278 -ne31287 2.85547E 1 3  0.6009385 0.6"7811n 

6 1  I 7 -6.108000-02 9.0 0.0 I .C0000 1.19875 0.78534 2sR625'E 13 9.6n9RR62 
7 I 0 0 2.562590-02 0.42430 Q.38548 l.'30000 0-96597 n.23865 2 . 8 C 8 6 3 E  1 3  n.6111869 

9 1  0 0 9.527F30-03 0.16451 0.35678 1.00000 0.907b9 9.20196 2 . 8 7 3 l l E  1 3  ".6t21rn8 

I 1  1 0 0 - 3 . 4 9 7 7 1 0 - 0 3  0 . 0 6 9 $ 7  1.01539 I . O O O P ( r  0.90533 0.20097 2.87237E 1 3  *.612cl77 

13 I o o -e.5iq42o-o6 c.47321 0.27948 I ~ G O ~ O P  0.90524 0.20041 2.A7218E 1 7  I'a6119944 
14 3 o o 9 . 9 0 6 ~ 6 ~ - 0 4  0.63773 1.15954 0.0 4*439l? n.05435 2.87207F 1 3  ~ . 6 1 1 9 8 7 0  
15 0 0 I 1.260@40-03 0.0  0.0 1.00060 -?.Ob858 1.24673 2.R7196E 1 3  ~ . 6 1 1 9 7 ~ 3  n . 6 1 1 9 7 5 6  
I6 1 o o -2.378250-04 0.0 ?. 0 I .000@0 0.58715 0.9 2.Y719bF I 3  n.6119756 
17 I 0 0 1.OChlZO-04 0.0 n.0 1 .000OO 0.90523 0.20"bl T.fl7196E 1 3  n.6119768 
1 8  1 o o -2.347750-0s 0.364n7 c1.284ra i . n o o o o  1*9@523 0.2P041 2.R7196E 13 F.5119767 

I .00006 

8 I 0 0 -2.635250-02 0.26451 1.04153 I e O O r ) O O  0.91748 ? . m 8 1 ?  2 . 8 7 1 7 ~  1 3  n . 6 1 1 ~ 4 7 5  

10 1 1 0 3.361710-03 1.38295 0.40373 1.00009 0.90573 '7.20072 7 . ~ 7 2 5 5 ~  1 7  fi.5120563 

18 1 0 0 3.bb?IBO-n3 0.54Oh4 0.89649 l t n i 7 C I I O  C.90525 nr2n04z 2.87274~ 1 3  9 .6120111  

E S T I M A T E D  A B S O L U T E  P O I N T  FLUX R E L A T I V E  ERROR 1.231490-04 

F I N A L  C A L C U L A T E D  K E F F € C T I V E  r.6119772 
UVLT I R I C A T  ION REL I A B I L  I T Y  E S T  1 M a  TORS 
t)Y THE SUM OF T H E  S W A R E S  OF THE RESIDUES-------------------------- 0.61 1 9 7 6 4  
UPPER AND LOUER B W N D S  E S T I M A T E S  B Y  MAX R E L  F L U X  CHANGE------------ n.bI19915 O.bIl9628 
UPPER A N 0  LONER ROUNDS E S T I Y b T E S  CVER LLL S I C H S F I C A N T  POINTS- - - - - - -  0.6119477 0.61 19505 

NEUTRON B A L A N C t  K F F F E C T I V E  0.61 19765 

NUHYER DF INNER I T E R A T I O N S .  C U T E R  I T E R A T I O N  ERROR E I G E N V A L U E .  A N 0  O V E q R E L A X A T l O N  C O E F F I C I F N T S  4 8.39esnO--PI 
1.52216 1.39842 1.25838 

C P U  AND C L O C K  M I h U T E S  R E G C i l R E O  F C R  T H I S  E I G E N V A L U E  PRCeLC-Y LRE 0.bR6 0.231 

LEAKAGE 3.17835~ 09 T O T A L  LOSSES 1.73671~ ii TOTAL PRODUCTIONS 1 . ~ 6 2 8 ~  1 1  R F ~ C T O R  P O W E R ( W A T T ~ )  ~ . o r r o r o  n- 

BL lUhDARY N E U T R O N  L E A K A G E  
GROUP LEFT R I G H T  TOP H O T T O H  F R O N T  BACK 

1 -2.32804D 08 2.3280412 0 8  C . 0  6.821940 08 3.0 0.0 
2 -1 .215500  0 8  lr215COO CP 0.0 1.121130 09 q.'7 @ .n 

SUM -4.92001E 0 8  4.92001E 08 C . 0  3 . 1 7 8 3 5 E  09 ? S O  @ .@ 
3 -1.376470 08 10376470 08  0 . 0  1.455030 '79 0.9 o .n 

LROUP NEUTRON 8 A L A N C €  F O P  E A C H  ZOhE 

LONE GROUP A B S O R P T I O N S  e * t Z  L C S S E 5  !/V L O S S  OUT-SCATTER I N - S C A T T E R  P I  I N - S C A T T E R  S 3 U I C E  P C U E R 1 Y A T T S J  AVERAGE FLUX 
6.79735: nn 9.24590~ IO 0.0 0.') i.qt.zox 1 1  n.a 1 I 0.0 3.541bEE C9 0.0 

2 2 6.24662E 10 1 . E 9 6 6 7 E  09 0.0 9.76774E 10 9.2459"E I *  1.1 h.94684E 1 1  1.74486F-'l h.97R7n5 0 a  
I 3 9.344HCE 1 0  2.7b217E OR 0.0 0.0 9.96779F 11 9.1 -.- 8 . 2 4 5 1 3 E - P I  2.64136F n R  

sum 1 . 5 5 9 1 4 C  I t  5.71454E UP 0.0 1.8h136E 1 1  I.Sh13bF I 1  0.0 1.73671C I I  1.0f'?00E 0 C  

2 I 1.06098F 09 5.5094.EE C7 0.0 1.29387E OR 0.0 1.0 - .* 0.0 5.42-77E P *  
5.64704" OR 2 2 2.5076s 0 8  3.ROF41E C7 0.0 7.83651E 07 1 . 2 9 3 8 7 E  ?X 0.0 '.* n. n 

2 3 3.89231~ 0 8  r.0 0.0 g.0 7.83b51E 07 9.0 3 .? e.': 7% . II 

.b cn 
0 
1 
N 



SUM I .7009t lF C 9  9.314R9E 0 1  0.0 

3 1 0.0 4.44061F C B  0 . 0  

3 2 1.4801SE 0 9  5 . 2 1 6 3 4 F  C U  0.0 
3 3 I . 237 r t )E  0 9  3.90926E Ctl  0.0 

SUM 5 . 7 1 2 2 5 E  C Y  1.3E752E CY 0.0 

CJVERALL N F U T R O N  B A L A N C E  

GROUP A B S O R P T 1 O N S  B * t 2  L O S S E S  1 / V  L O S S  
1 1 . 0 6 0 W F  39 4.04282E 09  0.0 
2 6 . ~ 1 ~ 7 1 7  I C  2 . 4 5 ~ 1 ~ ~  c q  0.n 
3 ~ . 8 0 6 9 3 ~  I O  6 . 6 6 4 4 3 ~  c e  0 . 0  

5 U H  L e 6 3 3 P 7 F  1 1  7 . 1 6 5 6 L '  00 0.0 

Z D N t  V O L U M E S  FOLLOW.  T O T A L  VOLUME 7 . f 4 6 8 P E  0 3  
3132534E 03 5 . 5 5 0 0 8 E  0 1  4.5P103E 0 3  

P U ' N T  R1FGULAQ F L U X  I V T E R F A C E  F I L L  R T F L U X  ( V E R S i C N  I )  H A 5  3 F F N  U R I T T F N  ON U N I T  NUMBLO 16 

GROUP F L U X  V A L U E 5  A T  PLAhE I E C U  1 C O L U M N  7 1  = P O I N F  A f  F l R S T  G R O U P  Y A X I M I I M  
I . ~ C R S I E  09 1 . 1 4 0 3 3 ~  09 4 . z e e o 7 ~  CH 

M A X I M U M  F I R S T  (IROUP F L U X E L :  B Y  Z C k F  
1.1ot151t  09 5 . 9 1 3 1 1 ~  $ 8  2 . 1 1 1 1 5 ~  oa  

T H E  u A x i M u u  POUEP DENSITY I S  A T  PLANC 1 .  R O W  I .  AND C ~ L U H N  21 AND I S  5 .7 r9337750-04  UATTSICC. 

THE M A x l U U W  N E U T R O N  D F N S I T Y  1 5  A T  P L A N E  f .  ROW 1 r  AND C O L U M N  21 AND TS 2 . 6 7 7 6 L l l i D  3 3  N E I I Y R O N S I C C .  

THE H A X l Y U M  POWE- CENSfTV < b L T T S / C C l  I N  E A C H  ZOhE I S  
5 . 2 0 ~ 3 4 t - 0 4  a.n 0.0 

E L A F S E U  C P U  AND CLOCK M l h U T F S  A R E  0.176 2.163 



A D J O I N T  P R C E L t M  FOCLOWS 
4 I N N E R S  HIM. 4 IhNERS PAX - C N E B Y C H E V  B k T 4  O N  t N N E R S  

S I G M A - 1  O R D E P l N G  
PROCEOURE=O~I . 2 1 3 ~ 4 - N O R M A L . C H € E V S ~ E V . S E M ~ X . U E M € ~ . S E M E K F .  ICVH=O.  1-YES.NU IYNE9S COWL!. 7CvFl=P. 1-YFS.NO CMTFFi5 CONVP. 
I T E R  PPUC I C V R  DCVR F L U X  CHALGE MU-BAR OTHER-MU S k M - I N 0  A C C E L C ? A T i O N  P 4 O A M C T ' 4 5  

I o 3 1 I . P ~ ? ~ C C  o i  0.0 a.9 t .roooc 0.0 9.1 
2 9 C 9 1 . 9 9 4 8 9 0 - 9 1  0.0997h 0.9 I .Qnnco i . ? n n ? ?  9 . 7  
3 0 o 0 -8.28?970-~13 n.03267 0 . 0  1 . O O O W  c . n 3 ? 7 7  n.0 
4 C) 3 0 2.494?'C-03 C.23886 3.0 1 . ~ 0 0 C 9  - 0 . C S 4 5 6  3.3n947 
5 0 0 0 5 r 7 9 7 1 P D - q 4  C.33260 7.0 I .oooon C . 5 2 4 1 7  -9 .30541  
6 0 3 0 - 9 . 9 9 2 7 7 0 - 1 4  0.64808 0 . 2  I .ooooo - 6 . 4 1 7 4 1  I . 4 4 8 4 r  
7 1 1  1 0 -4 .811950-04  1.08061 0.0 l . O ( r O O 0  - 5 . 1 9 7 5 7  I .  7 7 5 8 7  
8 ' )  I (r - 4 . 2 9 6 5 2 0 - 0 4  P .84144  0 . 0  I .30C00 6 . 8 1 7 8 8  3 . ~ 2 1 5  

10 3 I 0 - 1 . 5 6 7 1 1 0 - 1 3  F . 7 9 7 1 0  0.') 1 .oonoP 6.3207n - 1 . 7 8 0 7 7  
Y O  I 3 - 3 . S l f l E C O - O 4  0.80972 '3.0 I .nonoo 5 - 0 1  508 -3.77059 

1 1  a o o I . C ~ ~ X , D - ~ S  0.0 0.C) I . nonor  0.r: n .q 

E S T I M 4 T E O  A B S O L U T F  P O I N T  FLUX f i t L P T I V E  F R R D R  5 .493740-05  
M U L T I P L I C A T I O N  RELI A a I L l T ?  E S l I M A l O R S  
b Y  THF SUM OF TH€ SOUARCS O F  TI-E PFSIDUFS-------------------------- @ ~ 6 1 1 9 ~ 6 5  
U P P E R  AND LO*ER R17UM)S E 5 T I M A T E S  BY MAX R E C  FLdK CHANGE------------ 0.6119836 0 .01197n7  
U P P E R  AND LOWER BOUNDS E S T I M A T E S  CVEP A L L  S I G N I F I C A N T  P U I N T S - - - - - - -  C . 6 1 2 0 3 2 5  ').6119717 

N U Y a E R  I Y  I N N E R  I T E R A T I O N S .  OUTER I T E R A T l O N  ERROR E I G F N V A L U E .  ANU O V E R R E L A X 4 T I O N  C O E F F I C I E N T S  4 5.398900-01 
1 . 2 7 6 3 ~  1.39842 1 . 5 2 2 1 6  

CPU AND C L C C K  M I R U T E S  R E G U I R E O  FOP T H I S  E I G E N V A L U E  PRCIQLEM ARF 9 .049  1.169 

A D J O I N T  F L U X  ENERGY S P E C T R U Y  6 Y  G P O U P .  1 T O  M h X s  (SUMMED OVE2 S P A C E )  
3 . 7 7 7 6 4 0 -  c5 3.9285 I 0 - C E  c .  2 € 6  I 30-05 

A D J C I N ?  F L U X  SPACC F U N C T I C h  O V  .?OLE (51JMMFD OVFR E N E R G V l  
2.63328D-04 L .  189210--14 3 . 7 7 3 3 9 0 - 0 5  

P C I N T  A D J O I N T  F L U X  INTERFLCE F I L E  A T F L U X  ( V E R S I C h l  1 )  H A S  a E E N  W R I T T E N  ON U N I T  WUSFU 1 7  

OOPC USF OF C O N T A I N E R  ARRhVS.  CCNTROL 1 1 .  M A X  0 4 T A  2 8 8 0  

T O T A L  CPU T f Y E  1 5  0.222 M I N b T E F  * h D  T U T A L  C L C C K  T I M E  IS 7 . 5 3 3  M I N U T € <  

C h 5 E  T 1 T L F  - P E U 1 ' 3 C I C  B C U h O A R l  I h  TPETA-R CEOMETRV. C A S E  A 4  WrTH LILACS A H S O W E R  
2 4 X 2 9 X 3  GROUP. 1 4 S 0  P O I N T S  FWRO. + ADJI 

CPALM l 8 O O C  0 0 0 0 3 0 0 9 9 9 

* + * * S T A N D A G O  F I L E  C A R D  IhFUT***t 
CY C O N T R L  
ID P R D I N S  / 
t 3-0 (X .Y IL )  S U C K L I N G  S E L H C H  L C L D  W H I R L A W A Y  C A S E )  - 9 X 9 X S X Z  * 

RUNNIN, :N ~ r i ~  T ~ A N E  STORFD neoE - 1 PLAIYES STOREJ * 
t . *  * 0.0 7 4 ~  n i o n i  
IO D V R I N S  0.0 1004 1 8 O C C  0 PPR 
1D X C P I N S  * . R  lO0H 0 2 3 R  1 C 7bF 
I D  DTNINS 0.0 1 . n  r .0  10.n 1.0 2~ 0.09 0 . 0  3- 1.0-6 5.0-5 

0.0 Baa 

t o t i o m  c I 2 n 2 4 0 3 8 ~  
0 3 H  I 4  1 O L J R  Sn O O R  ( 5 R  0 1 0  1 6 R  O L K b l 1 0 4 R  

10  t 8 0.0 1 9 0 C  0 l Q 0 R  
C V  GRUPXS 

9 

C h R D  1 
C A P O  2 
C W O  3 
Cb40 6 

C A R D  5 
ChRD 6 
C 4 P D  7 

C ~ O  r 

C A W  i n  
C A P O  9 

C A R D  1 1  
C 4 R O  1 2  

C A R D  I 3  



RUN T I T L E  - 3-0 ( X . Y . 2 1  C U C K L I N G  SEARCH ( O L D  WHIRLAWAV C A S E )  - 9X9X5X2 
R U N N I Y G  I N  T H E  P L A h E  S?ORFO MODE - 4 P L A N E S  STORED 

VENTURE N E U Y R O N I C S  CODE BLOCK - V E R S I O N  Z --- A P R I L  3 9 .  1977. 

PEFERENCF: R E A L  T I M F  FROM Z h A T O h  I N T E R F A C E  F I L E  = 3 . 0  D A V S  

S O L U T I O N  E V  F I N I T E - O I F F E R E N C F  C I F F U S I O N  THFORV 
D I R E C T  D U C K L I N G  SEARCH P R C B L E M  
A I I E G U L A U  A D J O I N T  WILL FOLLCW FCRWARD P R O B L E M  
P E R T U R B A T I O N  R E S b L T S  ARE f iEOUESTEC 
G t O M t T R Y  NO. 1 4  3 - 0  X - Y - Z  
NUMBER OF ENERGY G Q W P S  
NUMBER OF U P S C A T T E R  GROUPS ( M A X I  
hUMEkR OF OO*NSCATTEQ GQOUPS I L A X )  
kUMFJER O f  I N T E R V A L S  I N  D I N E N S I C h  1 ( C O L U M N S )  
hUMaLR OF I N T E R V A L S  I N  O I M E N S I C N  2 ( R O W S )  
W M B E R  OF I N T E R V L L S  I N  D I M F N S I C N  1 (PLANES)  
NUMaER OF ZONES 
hUMDER O F  R E G I O N S  
hUM8ER OF B L A C U  A 8 S D R 8 E R  ZONES 
BOUh+DAIIY I N D I C A Y O R S -  L E F T  1 R I G H T  1 

TOP 0 8 O T T O M  I 
F R O h T  0 fiEAR 0 

STORAGE A V L I L A B L E  
MACRO C A L C U L A T I O N  
E O U C T i U N  C O N S T A N T S  C A L C U L L T I O N  

CORE C O N T A I N E D  CR S P A C E  STORED 
P L A N E  S T O R F D  
ROW S T O R E D  
M C L T I - L E V E L  P L A h E  S T t R E D  

I N I T I A L  F L U X  
CORE C O N T A I N E D  OR S P A C E  STORFD 
C T n E R  MODES 

CORE C O N 1  A i  N E 0  
SPACE STORED 

13 PLANES STOHED 
I PLANE S T O R E D  

1 3  ROWS STORED 
1 ROW S T D R E D  

13  U U T I - L E V E L  P L A h E S  STORED 

I T E R A T I V E  PROCESS 

P E R T U U L I A T I  ON C A L C L L A T  I O N  

MEMORY Q E O U I Q E M E N T S  F D R  D A T A  STORAGE 

T O T &  A e 
M I h I M U M  M A X I M U M  

15900  
181 

2679 284 1 
1 1 5 0  I 3 1 2  

182 64 4 
1 PZr, 1 3 8 2  

1207 1531 
397 72 L 

1 1  1 4 7  
5928 
I3573 

1969 
2 C 7 9  

491 

38Q4 
15101 

D A T A  WILL. t l E  STORED F O R  A L L  GUCUPS. A L L  S P A C E  

MEMORY L O C A T I O N S  R E S E R V E D  FOR C A T A  STORAGE---  18000 
M A X  MEMORY L O C A T I O N S  R E 9 U I R E D  F C R  T d l S  PROB-- 1 1 1 4 7  
WCMCRV L D C I T l O N S  N O T  USEO-------------------- ea53 

S P E C I A L  S C R A T C H  O A T A S e T  R E C U I R E M E N T S  

M 4 X l Y U M  P H V S I C U  RECORD I S  7 2 0 0  WORDS 

8 4 4 4  
5937 

13387  
1478 
i 588  

0 
4 86 

4 5 1  
4 5 0  
453 
b 5 1  
45') 
4 5 1  
45') 

C D 

56 2197 
4 1  
41 1 
4 1  
4 1  0 
4 1  0 
4 1  1 4 1 3 1  



, 

U l T C  C O h T A I N E 9  ARUAYZ. CGNTHOL 3t O A T A  5 ~ 3 r  

F I L E  2 4  DEFAULTS 13 CORE - N a . u F c s .  REC.LNTU. TOT.LNTH. > T A R T  L O C .  COUF LEFT. P HI0 I 6 2 0  1 5187 
FILE 27 DEFA.UCTS ~9 CORE - ~ ~ O - U E C S .  QEC.LNTH. TOT.LNTH. S T ~ H T  LUC, rww i F = r .  7 311 I h l O  1671 3*b? 
F I L E  28 D E F A U L T S  TU CORE - hO.GFCS. OEC.LNTH. TOT.LNTH. S T A R T  L W .  CDHF L € F T .  9 R 1 C  1 6 2 9  3 2 4 1  1 9 4 7  
D l R E C T  ACCESS F I L E  an Y t Q U I R E 5  2 r7FCGRO5 2 1 9 6  WO?i)S I N  L E N G T H  

D D  P A R A Y F T E R S  F O L L - Y  F O R  E l  = 2 5 2 0  A N 3  6 2  = 2 \ 9 2  
h2= 3 N 3 =  IO N4= 1 N5= 12  Ne= In h 7 =  2 YM= 2 N9= 2 N l O =  7 N t l =  3 N l Z l  1 N 1 3 =  7 N14= I V I S =  I r  
hl6=  3 (MUTE T * A 1  I F  T h E  F L U X E S  ARE ? D  f5F E X P A N D e D  FUOU F K l S T l N G  Q T F L U X .  N l n =  1) 

R t O U I R E O  01% STORAGE S P A C F  F O R  F L U Y l U N I T S  24.27.28) IS lC5fiO BYTES.  
F C U  C C ~ S T A N T S ( U N I T  4 0 )  I > - -  3 1 1 0 4  8 Y f F S .  

F O R  C C h S T I N T S ( U N 1 T  23) I S - -  3 5 2 0 0  B Y T F S .  
R E W l R E O  T O T A L  D I S K  STORAGE S P L C E  IS------------------- 4 5 0 5 7 9 2  P V T E S .  

I 

FOR T H t  A S S I W t O  D A T A  STO24GE.  T t E  R E Q U I R F D  R E G 2 O N  S I Z E  1 5  A P P R O X I M A T E L Y  4 0 2 6  B Y T E S  

? l T L E  = R O N  CR?S5 S E C T I U N  F I L F  / GFUPXS CROSS SFCTKONS FOR VENTURE SAMPLF P 9 0 8 L E M  

*+I R A k N I N G  *** N U C L I D E  & R Y E S  CR C L A S S E S  O h  N O K S H F  & N O  GRUOXS OD NCT COMPARF 

C L A S S  A B S M U T t  CROSS SECT ION Uh I CUE 
ORDER NO. NDKSRF G R b P K S  N D X S R F  GRUPKq NDXSRF G i ) U P X S  

1 ZONE1 N O T  E O  ZChEl Oh ZOhEl NgT CO OR 0 N U T  F(1 3 
2 2 O N F 2  NOT E Q  Z C h E Z  OR LONE2 NOT F O  OR 1 NOT E O  r) 

3 ZONE3 Y O T  EO LChE3 OR LOhF3 N O T  tO U P  3 N O T  F O  9 

3 N U C L I D E S  H A V E  EURCUE 

PRK hC :PAL MACEUSCOP I C  C R O S S  S E C T  I GNS 

GROUP 
LONE 

l 
e 
3 

L R O U P  
ZONE 

1 
2 
3 

1 
D 
1 . 5 0 0 0 0 l E  n 0  
1.7COOClE C O  

1 . 2 0 0 0 0 0 ~  nq 

2 
0 
1.2~OOOGE 09 
1.129999E 0 0  

8.70000SE-91 

S 1 G A  
1.20COOCi-C3 
6.9 13 '3 '3 9 7  E - 0 4 

5 .  I S F 4 4 R E - C 4  

S I G A  
4.b3595Rf-03 
6.ZSPF9YF-OJ 
7.99499RE-03 

SI GNF 
3.999997E-03 
3 r 9 9 9 9 9 8 E - 1 4  
0.0 

51  GNF 
6.799996C-02 
2.499499E-07 
c. 0 

FISSION SPECTRUM C O N S T A N T  F O R  A L L  L C N E S  
I.3000COE 00 0.0 

I / V  CGNSTANT FOR ALL ZONES 
i.acao3oe 00 1.nooogn~ oe 

S C A T T E R I N l r  MACROSCOPIC C Q C S S  5 t C T l O * 1 5  

irk0bP I MdANO I M J J  1 
TPE 

6.0 0.0 c,c 

GROUP 2 HBAND 2 M J J  I 
TPO 

0.0 3.?99999E-C3 9.0 

SCATTER XNG R E M O V A L  
GROUP I 

3 8 ~ ~ 9 9 9 9 0 - 0 3  s . i w 9 9 9 n - 0 3  C . ~ ~ G F P S D - O ~  

S I  G I F  
1.9b8750E-13 
b.249997E-14 
0.0 

5.199999E-37 0 .o 

S I G A S  
0 .o 
3.  CI 
0." 

S I  GAS 
3.0 
0 . 0  
0 . 0  

S I G N F S  
c.9 
0.0 
3 .n 

6.699998E-0 3 

c. 
lJl 
0 

I 



G R O U P  7 
0.0 0.0 0 . r  

F I N E  M E S H  D E S C R I P T I O N  - P C : N 7  is  L O C A T E 0  A T  7H5 C E N T R O I O  OF THE V u L U Y F  FLk.MFNT 
~ A N C E  T O  P O J N T  - U I M E ~ S I C I \  (LEFT -ro R I G H T )  

; i .noo@ 2 ~ . P C C C  3 5.0000 4 7 . 0 0 3 ~  c, 1 0 . 0 9 n o  6 I ~ . I C ~ C  7 1 7 . c - i o  H 2n.y -vn  
0 23.5"00 

U l b 7 A N C E  T O  P O I N T  - D l Y E h C I C h  2 ( T C P  I O  B O . I T O N l  
I 1.0000 2 3.0000 _I 5.0100 4 7.0970 5 v . 1 0 0 ~  6 11.0~91 7 I ) . ? " " )  R I S . - ~ P O  
9 S 7 . P O O O  

S I S T A N C E  T O  P O I N T  - D I H E h S i C h  IFRChT T O  R F A R I  
I i . sooe  z 4 .5011o  3 r G 5 0 n o  4 1 ? . 5 1 9 0  LI i?.snon 

j E m c i  I : ~ ~ ~ r i ~ ~  F A C T C ~ R S  - s ~ i  = - 1 . 2 7 s : ' 1 5 f  90 S P ~  = -5.59:3015 n i  S A  - * . 7 n r 4 1 ~ ~ - 9 2  SNF = n.r 

D t T i C ' M l N E  I N : T I  1L P A R A M E T E R S  F C P  I T F P A T L N E  PRUCFOURE 

R E F E H E N C F  P O I N T  FflQ I N I T L L L I Z A T I O h  WILL BF A T  C O L U M N  = 2 R i l b  = 8 P L A N F  = 7 Z O N F  = 1 
l N l r l A L  OUTER I T F R A T ! O N  C I G E h V A C U E  0."49787 U P T I O N  0 
I N I T I A L  O V E R R E L A X A T I O N  C O E F F I C I F N T S  M A X .  1.59hlC: %Ilk. 1 . 5 9 4 7 5 1  I N N E R  I T C Q A T I O N S  M A X .  L M l Y .  a O P T T n N  
Y F S F  P O I N T  S * E E P  O P T I O N  I 
O U ~ E R  I T E R A T ~ O N  L I M J T  T O  P E  I J ~ L C  s c  E S T I M A T F O  2~ 

N A X i M U M  S T n H A G F  U S E 2  F O R  C A L C U L A I  I N G  I N I T I A L  P A R 4 N F T E H S  U A S  7 4 5 4  

I N I T I A L  F L U X  I S  F X K ( J , X ) I F V : I I " F L ~ K h l  

? o r &  C O R E  R E a U i R E I T  f o R  D P T P  S I J R ~ G F  I S  1 1 0 9 4  mo6t>? 
E L A ~ S ~ D  CPU *NO CLOCK M I ~ U T E S  L R F  @.I%,? 0.952 



I 

i .3"O') 
0 . 5 Y Z 9 9  
c . 7 4 3 4  1 

15.99354 
3 . 2 2 1 7 8  
6.69856 

1 l r b l  119 
I .  05 245 - 9 = 57 0 9  rl 
7.17704 
1.08525 
r?.? 

-4 1 4 183 
P . b t 3 3 5  

1.57165 
sa. 21 779 

5 . 2 4 1 6 2  
2.?9316 

-? .  5 5 3 3 s  - 3 9. i .?59 I 
-19.nrF1z2 - 125.1346 7 

0.67696 
-9.65789 
F r I b 4 1 8  
1.5691 3 - n. 5 3 3 T  R 
0.17925 
n.94357  

F I h A i  C A L C J L A T C O  L E F F E C T K V E  C . O ' r C 0 0 0 0  

WUL T I P L  IC A T  I Jh R E C  I AS 1 L 1 T Y  
t l Y  Tht SUM Or T H E  sQUARFS UF THE RE51OUFS-------------------------- n."9'JO937 
UPPtR A h 3  C L ' r E H  BCUhD5 E S T I M A T E S  8 1  M 4 X  Y C L  FLU* CHANGE------------ 'J,f)95*?13 7.9899997 
UPPEO A N C  LO*ER EOUYDS E h l l M A T E 3  C V F R  &LL SPGhlFICANT POINTS- - - - - - -  fl.090OOO3 7.189'4999 

NUnMth GF l N Y E R  IlCRAT1ONS. O U T E R  flERATIOh E U P O H  tlGEYV*LUE. A N 0  OWEUAFCAXATION COFFFICfCNTS 4 7.214t60-*1  

€ S T  1 M BTORS 

1 . 3 9 Y 9 6  1.39656 

CPU ANO CLOCK M I ~ U T E S  n E a u i n t . ~  F O R  T H I S  E K C F N V A L U C  PROSLEU A R E  0.082 o . l n l  

IEAKAGC 1.8397OE 13 T O T A L  L O S S E S  1.4'88RE ( 3  TUTAL P h O C t C T K S Y S  i.3310a'iF t i?  RE4CTOQ P 3 U F 9 ( Y A T T S 1  l.rO*nrO 01 

BUCXLINGS YEKE BIIJLY1PLIEU e Y  -F .995H6LID-011  P - R I C T I 3 Y  C0SS T u  S E X R C H  P A R X U E f F ' i  -0 .2660146 

BOUkDARV NEUTRON L E A h A G E  
GROUP LEFT R IGhT T O P  BOTTOM FRDNT BACA 
1 0.c 2 . 9 9 3 8 6 0  8 1  2.59557D 12 0.3 ' e 2 5 0 9 0 0  12 7.2SOU0D I ?  
2 0.0 4 .549900  10 1 . 4 9 0 4 S O  P I  J.0 4 . 1 4 3 7 0 0  I 1  L . 0 4 9 2 4 D  1 1  

SLIM 0.0 3.448&5? 1 1  2 . 7 4 0 5 l P  12 q.0 7.65583F 82 Pe65SR3E l a  



GMOW NEUTRON d A L A N C t  F O F  E A C H  ZChE 

L O N t  GAOUP ABSORPTIONS 8112 LOSSES 1 / V  L O S S  
1 I 1.82956E 1 1  - 2 . 4 9 3 1 7 E  12 0.0 
1 2 b,iib6@e 10 -1.lbtlCE 1 1  0.0 

SUM 2.24122s 1 1  - 2 . 6 0 8 3 e ~  12 C . O  

2 I 4.009P7C 1 0  - 1 . 0 6 1 7 4 F  :2 0.0 

SUM 7 . 6 9 9 3 9 E  i o  - 3 . 1 3 3 9 1 E  12 C . 0  

3 I 6.77394: 09  - 1 . 7 0 4 5 5 E  1 1  0.0 
3 2 1 . 7 9 5 5 1 E  1 0  - 2 . 1 2 9 2 1 E  P O  0.0 

SUM 2 . 4 7 2 9 1 t  I C  - 1 . 5 1 7 5 1 E  1 1  0.0 

2 2 3 . 6 9 0 1 2 s  I O  - 7 . 2 1 7 3 4 ~  I C  0 . -  

OVERALL NEUTRON BALANCE 

CHOUP A8SORPTIONS @*12 LCSSES l / V  L O S S  
1 2.29822E 1: - 3 . 7 2 5 9 7 E  12 0 . 0  

SUM 3.25845E 1 i -3 .93404E 12 0.0 
2 9 . 6 0 2 2 3 ~  i o  - 2 . 0 8 0 7 5 ~  1: 0 .0  

HDkE VOLWMES FOLLOW. TCTAL VCLUME 6 . 7 5 0 0 0 E  0 3  
2.16000E 03 2 . 1 6 0 0 Q E  03 2.43000E 03 

ZCNE AVERAGE F L U X  I N T E R F A C E  F I L E  RZFLUX ( V F R S I O N  

B U C K L I N G S  C U C U L A T E D  A L C P I G  P L A h E  2 FOLLOU 

ZONE BUCKLINGS FOR GROUP 1 
4.2b b F 7 E - 0 2  4.24 40 7E- 02  1 - 2 4  4 C 7E- 0 2 

ZONE B U C K L ~ N G S  FOR m o w  2 
4 . 2 4 4 0 7 ~ - 0 2  4 . 2 * 4 0 7 ~ - o z  . . 2 4 4 ~ 7 ~ - 0 2  

LONE A W t R A 6 E  BUCKLINGS FUR EACb GPOUP 
4 .24407E-02 4 - 2 9 4 0 7 E - C Z  

XCNE AVERAGE O l F F U S I O N  C C E F F I C l E N l S  FOR EACH GROUP 
1.5338dE 00 1 . 1 3 1 7 5 E  0 0  

GRCISS BUCKL 1NG 4 . 2 4 4 0 7 E - C 2  

B U C K L I N G S  CALCULATED ALONG P L A h E  4 FOLLOW 

ZONE BUCKLINGS FOR GROUP I 
4 . 2 4 4 0 7 E - 0 2  4 . 2 4 4 0 7 E - 0 2  4 .244C7E-02 

ZONE BUCKLINGS F C R  GPOUP 2 
4.2 4 4  o ?E- 0 2  4 .2440  IE- c 2  4 . 2 4  4 c 7 ~ -  02 

ZONE AVERAGE BUCULINGS FCG EACb GROUP 
4 I 244  0 7 E -  02 4.24 40 7 E -02 

ZONE AVERAGE D I F F U S l O N  COEFFXCIENTS FOR EACH CROUP 
8.5338dF 00 1.13115E 00 

6 R O S S  6UCKLgNG 4 . 2 4 4 0 7 6 - 0 2  

O U T - S C A T T t Q  
5 . 0 3 1 2 9 E  I 1  
0.0 
5 . 9 3 2 2 9 E  1 1  

2 . 9 7 8 3 3 E  I 1  
0.0 
2 . 9 7 8 3 3 E  I !  

t ) . ~ 2 ? 9 e ~  t o  

a . 7 2 r 9 a ~  I O  
0 .o 

1 )  H A S  SEEN WRITTEN ON U N l T  NUMRER 1 6  



P O I N T  PbWER DISTKI8VTION ( ' W A r T S / C C j  

P L A N L  hUMBER 1 
1 2 3 

3 . 1 5 ~ 0 - 0 4  3.0460-04 ? . 7 4 7 ~ - n 4  

3 I .5510-03 1.077o-a'l 1 . 3 3 ~ ~ - 0 3  
4 2.1050-OJ 2.0050-r3 i . e ~ ~ o - 0 3  

7 J . ~ Z S O - O ?  3.1690-n3 ? . e 5 7 0 - @ 3  

2 9-4970-04 9 . 0 4 6 0 - 0 4  8.15eO-04 

5 2.595D-C3 2.471D-C3 2.2250-03 
6 3.0060-03 2 . 8 6 3 0 - 0 3  2.5020-93 

8 3 r 5 4 4 0 - 0 5  3.3760-03 3.04ED-P3 
9 3.6550-03 3.482D-CL 3.140C-03 

PLANE NUMBER 2 
1 2 3 

1 3.3720-04 7.9750-04 7.1930-04 
2 2.4860-03 2 . 3 6 8 0 - 0 3  2 . 1 3 6 0 - 0 3  

4 5.5100-03 5.2490-03 4.7330-03 
5 br793D-n3 6.470O-Cz 5.?350-"3 

7 8.7060-03 8.2930-0'3 7.4790-@3 
t3 9.2790-03 8.8390-03 7.57111-63 
9 5.57PD-03 9.1160-03 8.2210-03 

3 4 . 0 b o ~ - 0 3  3 . 8 6 7 0 - ~ 2  3.4ueo-03 

6 7.8690-03 7.4960-c3 c .7~100-03  

4 
P.3090-14 
6.8570-14 
1.12nD-03 
1 -520D-03 
1.8 730-03 
2.1700-03 
2.40io-r3 
2 . 5 5 9 0 - n  3 
2.6390-03 

5 
2.4920-05 
7.1 3 2 0 - 0 5  
1.1650-94 
1.5810-94 
I .9490-94 
2-2570-04 
2.4 9 90-04 
Z s 6 6 2 O - O 4  
2 - 7 4  50-04 

6 
I .  5420-05 

7.4780-05 

1.25 I 0-n4 

4. JQOD-65 

1 . 0150-04  

1,4490-04 
1.6040-04 

1.7630-04 
I .7nso-n4 

7 

0.0 
c .n 
0.0 
O . E  
0 .0 
0.c 
0 .c  
O.n 
0 . 0  

4 
6.0450-94 
1.7950-03 
2 * 931 0-0 3 
3-9790-0 3 

9.9050-@3 
5.6820-03 
6.2860 -0 3 
6=7000-03  
6 a 91  00-"3 

5 
6.28dD-I5 
1.8670-34 
3 .  J 4 30 - '34 
4.1 380-04 
S.l020-"4 
5 * 9 100-04 
6.5390-04 

7.1870-04 
6.*69n-o4 

f 
4 . 0 3 7 0 - ~ 5  
1 .  I990-04 
1.9580-04 
2 a 65 70-74 
3.2760-04 
3 7950-04 
4.1980-04 
4.4740-94 
4 . 6 1  50 -04  

7 
0.0 
0.0 

0.F 
0.0 
0.0 
0 .O 
0.0 
0.0 

0.0 

8 
a.n 
0 .- 
0.0 
0 . 0  
o .A 

3 .n 
0 .') 
0.0 
'I .0 

9 
e . *  
n.n 
n.0 
0.0 
9 .A 

0.0 
0.0 
n.O 
0.6 

PLANE NUMBER 3 
1 2 

1 l . 0 3 5 0 - 0 3  P.8580-?4 
2 3.0730-03 2.9270-03 
3 b.@LPD-03 4.7800-C3 
4 6 . 8 ! 1 0 - 0 3  6.4880-03 

6 9.7260-t3 9.2650-C? 
7 I .@76D-O2 1.025D-P2 
U 1 .1470--02 1.0930-02 
9 1.lU30-C2 1.1P7D-C2 

5 e.3960-03 7.9980-0s 

PLANE NUMBER 4 

1 2 
1 8.3720-04 1.9750-04 
2 2.486D-OJ 2.3680-C3 
3 4.060D-C3 9-8670-011 
4 5.5100-05 5r2490-C3 
5 6.7930-03 6.4740-C3 
5 7.e690-03 7.4960-03 
7 a.706ci-03 u.2930-03 
8 9.2790-03 8.839D-C' 

9 3.5700-03 9 . 1 1 6 O - C 2  

PLANE NUMBER 5 
1 

1 3.19eo-ou 3.Ci46U-04 

3 1.5510-03 1.477O-C3 
4 2.1050-03 2.3050-"9 
9 2.5950-03 2.411D-P3 
6 3.0060-03 2. 8b30-03 
r 3.3-5C-03 7 r l b S Q - P 3  

2 9.4970-04 9. O ' I ~ O - G ~  

B 3.5440-03 3 . 3 7 0 0 - ~ 3  
9 7.6550-03 3.4a20-c3 

8. 89 10-04 
2. €4CD-(13 
4 . 3 1  LC-03 
5-EE.10-03 
7.21 30-03 
8 .3560-03  

9.2650-03 
9.8570-03 
1 .  I! 60-02 

3 
7 a 1930-04 
2.1360-03 

4 .73?0-@3 
5 . 8 3 5 C - 0 3  
6.7600-03 
7.4790- 0 3 
7.971 D-03 
8 .2210-03  

3 - 4 0  eo-c3 

5 
7.7780-05 
2 . 3 0 Y D - l 4  
3 a 7690-0 4 
5.1 150-04 
6. 39hD-04 
7.3050-04 
8.5820- 04 
8.61 40-04 
r).8S4CI-04 

4 
7s 4730--04 
2.2lYD-03 
3rb.230-03 
4*9180-l'3 
6*0630-03  
7-0230-6 3 
7.7710-03 
8.2820-03 
8.5410-03 

b 

4*9900-05 
1.4820-04 
2.4200-04 
312840-04 
4 v @4SD-'J4 
4.6900-94 

5.53 10-94 
5 .  I e s  0-04 

5.7090--"4 

7 

0.0 

0.0 
0 .@ 

0.0 
0.0 
O . n  

0 .a 

0.r 

0.0 

8 
0 .o 
0 .'J 
0.0 
0 .0 
o.n 
0.n 
0 *n 
0.0 
0 .e 

-5 

a .0370-05 

1,9580-04 
2.65 70-n4 

1.1990-04 

3,276O-h4 
3 -79 50-64 
4.1980-0$ 
4 .  4 74 0- 34 
4 - 8 1  50 -04  

7 
'i .0 

0.0 

".O 
0.0 

0.0 
n.o 
0.0 
0.0 

n.0 

9 
0 .0 
0.0 
C . O  
0 .c 
?.a 
0 .- 
* .* 
0.3 
0.9 

9 
n.O 
d . O  
0.0 
0 .0 
e.., 
0.1 
" .o  
9.n 
0 .n 

4 
6.0450-04 
I a 7950-03 
2,9310-03 
3.9790-03 
4i9C5D-03 

6.286D-03 
6.7900-0 3 
b.9100-93 

5.6820-03 

3 
2 = 7470- 04 
8 * 1500-04 

1 s 8CeD-53 
2.?290-03 
2 3 5829-03 
2 " e d f c - 0 3  
3.C490-03 
3 . 1 4  cc-c3 

i . 3 3 2 ~ - r 3  

4 
2. ?OQO-P;4 
b.t3590-09 
I a 1 2 O O - P 3  
!,520C-0? 
! * 8730-53 
2 , i 7 0 0 - 0 3  
2- LOX 0--3 
2.559O-O3 
2.6390-03 

6 
1.5470-')5 

7.4780-05 
1 .  "1  5G-54 
1 s P 5 1 0 - 0 4  
1 .4490-,?4 
1 h 3 4 O - 0 4  
1 #7*90--$4 
I .7630-04 

4.5eeo-05 

7 

0.9 
0.0 
0 .c 
9.0 

c .o 

5.0 
0.0 

6.0 

0.n 

a 
0 .O 

0.0 

0 .0 
,? .@ 
0.0 

0.0 
.O 

3.1 

9 .n 

9 

0.9 
n.- 
0.9 

0.  '1 
3 .O 

0.c 

0.0 
0 .n  
0 .0 



I 
2 
3 
4 
5 
6 
7 
8 
9 
:0 

E S T I M A  

0 0  
O E  
0 0  
n o  
0 0  
0 0  
0 0  
D O  
0 0  
0 0  

E D  A B S O L U  

ADJCINT PPCBLELI FOLLOYS 
4 INNFRS M I N .  4 IhhEPS MAX - C H E B Y C H E V  BET4 O N  I N N E R S  

SIGMA-1 DRDERlNG 
?RSCtUURE=O.:  . 2 . 3 . 9 - h O R M A L . C H E f Y S r E V . S E Y E X I D E M E ~ . O E M ~ X . S ~ M E ~ F .  :CVR=O. 1-VFS.NO LNNERS CONVQ. O C V R = I .  i - Y F S . N O  W T F W  C O N V R .  
I T E R  P K J C  I C V R  O C V R  F L U X  CHANGE MU-BAR OTHER-MU SEM-  IN0 A C C C L E R A T L O N  P A H h M E T c Q S  

c I .845YOC 0 1  0.0 0.0 1 .ooooo n. 0 0.0 
l.oQ"-,-l 0.0 P 2.843690 00 1.57590 0.0 I . onno0  

r 2.423130-01 0.20637 0 . 0  I .oo1)on n.ZbOC7 9 . 9  
0 1 - 5 0 2 4 f l D - 0 7  P.162PS 0.0 I .')0000 Q.25195 -0.0!37n 
n ~ . O O C ~ ~ D - O Z  0.28~21 0 . 0  I .00000 -0 .16950 Q.07907 
O 2.584?30-0? 0.26968 0.1 1 . C O O C O  C.33822 9 .00918  
c t . 8 5 7 r o o - o a  0.29313 Q . Q  1 .no000 0.30591 9 . o i e e ~  
n 1.851740-94 0.27471 '3.3 0.9 n.59367 -Q .e531 I 
0 5.012350-55 6.27510 i.0 0 .a n.49579 - ? J . ~ ~ > R Q  
o ! . ~ ~ T ~ P o - o s  0.27541 9.0 0 .0 n.63535 -0 .17021  

= P O I N T  F L U X  R E L A T I V E  ERROR 5.102950-06 
M U L T l P L  I C A T  I O N  R E L I  AB 1 L t T V  ESTIMATORS 
ay THE SUM OF T V E  S O J A R ~ S  OF TME R E S I D U E S - - - - - - - - - - - - - - - - - - - - - - - - - -  0 . n 9 0 o ~ o ~  
U P P E R  A N D  L O Y E R  8 W N 0 5  E f l  I M I Y F 5  B Y  Y A X  R E L  F L U X  C H A N G t - - - - - - - - - - - -  0.09CC017 1 .0899988  
U P P E R  A N 0  L D U E R  BOUNDS E S l l M A T E S  OVER 4LC S I G N I F I C A N T  P O I N T S - - - - - - -  0.0900092 0.9899961 

NUMBEL OF LNNER ITERATIONS, O U 7 F R  I T E R h T I O N  ERUOR E l G E N V A L U E .  AND O V E R R F L A X A T I O N  C O F F F I C I E N T S  4 2 . 7 9 4 1 4 0 - 0 1  
1.39656 1.39996 

C P U  AND CLOCK 41NUTES R E O U l R E D  F O R  T H I S  E I G E N V A L U E  P R U S L F M  ARE 0 . 0 2 4  0.064 

A D J O I N T  F L U X  ENERGY SPECTWUM E Y  GROUP. 1 TO MAX. (SUMMED OVER S P A C E )  
I - 3 7 4  55'3- 05 1.3440 3 3 -  C 4  

A O J C I N T  F L U X  S P A C E  F U N C T I O N  BY' LUhE (SUMMED OVER E N E R G Y )  
3 .035760-04 1.294350-04 2 . 6 6 2 3 5 0 - 0 5  

C E 5 U L A H  e A D J U I N T  F L U X  1 N T E R G R A L S - - - + D E L T A  K ) / ( K * J F L T A  S W H E R t  S R ~ P E R S F N T S  MACRO. C R l S S  5FCT lONCJ.  R I G  D A D P Y  = 1 . 8 6 8 2 5 6 0 - n Q  

Z O N E  CUP S I G A . ~ I G R . D E * * Z  e*-2 N U * S I G F  D I F F .  COEF. 
I I - 1 . 1 ~ 9 5 5 7 ~  C I  - 1 . 6 ~ 6 8 3 n ~  o i  1 . ~ 7 2 8 1 ~  02 - 5 . 9 2 2 7 1 4 ~ - 0 1  

2 - 6 . 7 7 1 8 6 " f  O C  -H.C6C224E bo 7.0Q0970F 9r -3 .475141E-C l  
2 1 - 2 . 1 1 1 9 4 6 E  f n  -3 .591710F (10 2.148831)E 9 1  - - I .44Yl68E--PI  

2 ->.96?744F C C  -2.217BS8E 00 2.345262E 30 -1 . I J4277E-01  
3 1 -1 .87JOJ9F-01 -2.247646E-01 2 . 0 8 1 1 5 5 E  3 0  - 2 . 0 0 0 b e 6 r - 0 2  

2 - I . 437901E-C1  - I  .FeSY75F-OI 3 .4519456-31  -1 .99127ZE-n2 

VOLUMC IN~EGUALS F L U X * A O J O I N T  F L ~ X  - 2 . 2 2 ~ 5 1 ~  C I  CHI*AOJOIMT F L U X .  NU-'IGFIFLUX I . I ? ? O ~ O  * ?  

GRP. T U  GRP. D E L T A - K / I K * D E L T A - S I ~ ~ )  FOR ILL LCNES I . z . ~ . . . , .  - ( T H E  ~F I -GROUP T E Q M S  M A K F  MO CONTRIBUTION.I 
J 1 1. 104552c  0 1  2 . 1 1 3 4 4 f E  CO 1.873039E-01 

3 6.300~71~-01 2 . 1  ~ C ~ Z S E - O ~  3 . 1 n 6 7 5 0 ~ - 0 2  
1 2 1.1787125 02  i . 977725E C 1  3.175513E 39 
2 2 6.72lR6OE 00 1.9C2744E '30 I . 9 3 7 9 0 1 F - 0 1  

* R O C P l - N E U T R O N  L I F F T l Y E  IS 2.222520 01 SEC. 

* * * * * * * * * * * * * * * * b * * ~ * * * b b * * * * * * * * * b b * * * * * * * * * * b * * * * * * * * . * * * , * ~ * ~ ~ * ~ ~ * * * ~ * * * * * * * * b * * * * * * * * * * * * * * * * * *  

N O H M A L I Z A T I O N  O F  :MPORTANCE M A P 5  15 T O  U N I T  F I S S I O N  S O U R C E  jMPORTANCCE F O R  THE A C T U A L  PRORLFM.  b 
M U - T I F L Y  BY THE F R A C T I D N  O F  T H E  C C R f  l R E A ( B 0  I F  T H E  V 4 L c l E S  A R E  TO Uf M A D E  R F L 4 T l V E  7 0  T H E  * 
T O T A L ,  BUT T A K E  C A H E  T U  U h O C R S T A N D  T H A T  T H I S  15 A P P R O P A I A T E  I N  A S P E C I F I C  S I T U A T I O M .  
9 * 1 * * * * * * * * * ? t * * * b * * ~ ~ * * * * ~ * * * * * b * ~ * * * ~ * * * * * * ~ * * * * + * * * * * ? * * * * * * b b ~ * * b * * * * * * * * * ~ ~ ? * * * * * * * * * * * * * * * * *  
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T H E  F O L L U W l N G  A R E  C H A N G E S  DUE T O  100 P E U C E N T  CHANGE I N  M A C 9 0 S C O P l C  C R O S C  S€CT lO* .15 .  
( D I V I D E  U Y  100  10 GET T H E  E F F E C T  OF A 1 P E R C E N T  CHANGE) .  

FOR I N S C A T T E R  
GRP. T O  GRP. F U R  ALL Z O N E S  

1 I 0.0 r.0 0.n 
2 ? 0 . 9  F.9 0. s7 

1 2 3 .889747F-01  1.?28417E-01 7.875938E-03 
2 2 0.0 C .  0 9 . 0  

S U M  OF ALL INSCATTER I S  4 . ~ 9 6 ~ 2 3 0 - 9 1  

IOhE G R P  
1 1  

2 
2 1  

? 
3 1  

2 

SUN I S  

L J N E  G R P  
1 1  

2 
2 1  

2 1  
2 

B Y  ZONE 
I 
2 
3 

t lY  GROUP 
1 
2 

T C T A L  S 

R E M O V A L  
-3.e45021~-~2 
0.0 

0 . b  

0." 

- I  .09?252E-C7 

- 1  -254936E-03  

-4 .8097660-02  

A S S O R P T I O N S  
-1 ,3254610-02  
-3.1592720-C2 
- I  .4797SbD-C3 
- I  . 2365280-0?  
- 9.7 39 7 7  30- C E 
-1 .5503210-03  

- 4 . 4 8 4  73 20-CI 2 
-2.3845CbD-CZ - 1 . 6 4 7  71 80-03 

-1 .4831760-02 
-4.55O83PD-OZ 

-6. P340080-02  

5 C L l T E R I N t  
3 e 5 2 1 2 4 r 3 - 0 1  
0.0 
9.1849150-02 
@.a 
b -620999D-03  
n .o 

3.52 5 2 4 4 0 -  0 I 
9.3849150-02 
6.6209990-33 

4.5059450-01 
0.0 

4.5CG94SO-01 

F I S 5  1 O N  SOURCE 
4 s969117D-01 
4.410607D-01 
9 . 3  9 5 3  130-0 3 
5 - 8 6 3  1 520-12 
0 .O 

0.0 

9.3 I 5 7 2 40 - 0 I 
6 .9026830-02  
0.7 

T R A N S P O R T  
4 . 4 4 ~ 3 9 3 - n  I 
2 .984Qd30-n?  
1.2317930-C: 
6 .6911 5RD-C2  
1.2dC4110-02 
8.6620 3 80-0 3 

6 . 5  27  I 2 20-0 1 
1 . 9 O O q C  9 0 - 1  1 
2.0666 1 5 5 - C 2  

5.7938 730-0 1 
2 .84081  90-0 I 

8.6346920-0 1 

O V F  R A L L  
1.2743850 00 
6.1  797630-11 

I .1317780-91 
1 .8527713-0?  
7 .1117173-03  

2.~29er .no-n i  

1 .99?3620  s 7 r l  
3 - 3 6 ?  PI AD-CI 
2.5639430--2 

1.5158570 'IC 
7.3826580-01 

2.2541230 0" 

THE F O L L O W I N G  ARE U N C E R T A I N T Y  C S S C C I A 3 E D  W l T H  A 100 P E d C E N T  U N C E R T A I N T Y  IN THE D A I A  ( U Y C O H R F L 4 T F D I .  H U T  N E T  
S C A T T E R I N G  I N  T H E  4 W J V t  T A B L E  TREATED A S  A N  E N T I T Y .  

A B S O R P T I O N S  S C P T T E R  I N G  F T S S  I O N  SOULICE T R A N S P O R T  O V E R A L L  

c- 
u3 
0 

1 
w 
-P 

BY LONE 
1 3.4260530-C2 3.5212440-01 6.559460D-01 4.9079630-01 1 .5774370  90 
2 I . a 5 3 5  P D- c 2  Y . I  8 4 9 1  30-02 s .9 3 7 9 5  10-02 I .  40  1 7 9 5 0 - r  I 3. - ~ ~ 3 a 6  I m - - i  
3 1.553377D-C3 6.6239590-03 0.0 :.4803030-02 2.797740D-f72 

B Y  G R O U P  



R U N  T I T L E  - 2-0 llXl0 - 5 GHOUP SEARCH P R O B L E M  
P R I M A R Y  S E h R C M  = k U C L I O E ~ O I R E C T )  - SECONDARY S E A R C H  = O I M E N S I O N  

R E F E R E N C E  R E A L  T I M E  F R O M  Z h L T O h  I N T E R F A C E  F I L E  = 0.0 D A Y S  

S O L U T I O N  B Y  F I N I T E - O I F F E R € k C E  CIFFUSlON THEORY 
S E A R C H  PROBLEM 

A REGULAR A D J O I N T  W I L L  F C L L C W  FCRWARO P R O B L E M  
P E R T U R B A T I O N  R E S U L T S  ARE R E O U E S T E C  
GEOMETRY NO, 7 2-0 R-2 
NUMBEK O F  ENERGY GRDUPS 5 
NUMBER OF U P S C A T T E R  GROUPS ( L A X )  0 
NUMBER OF DOWNSCATTER G R O L P S  ( L h X l  4 
h U M 8 E R  OF I N T E R V K S  I N  D I M E N S I C h  1 I C O L U M N S )  17 
NUMaER OF I N T E R V L L S  I N  D I Y E I I S I O h  2 ( R O U S )  10 
NUMBER OF I N T E R V A L S  I N  O I L E h S I C h  'I ( P L A N E S )  1 
NUMUER O F  ZONES 8 

NUMBER OF B L A C K  AESORRER ZONES 0 
8 0 U N D A i l Y  I N D I C A P O R S -  L E F T  1 R I G H T  2 

O t R E C T  C O N C E N T R A T l O h  SEPIRCk 

NUMBER OF R E G I O N S  I n  

T C P  2 BCTTOM I' 

MEMORY R E O U I R E M E N T S  F O R  O A T A  STORAGE 

T O T A L  A 
M I N I M U M  M A X I M U M  

STORAGE A V A I L A B L E  1eaoo 
MACRO C A L C U L A T t O N  C 6 8  
E a u A T t o N  CONSTANTS CALCULATION 

CORE C O N T L X N E D  C R  S P h C E  STORED 1 3 9 7  1337  
P L A N E  STDRED I737 1737 
ROW S T O R E D  70s TO 5 
M U L T I - L E V E L  P L A h E  S T C F E C  I 8 8 9  1889  

CORE C O N T A I N E D  C R  S P A C E  STOREO 774 774 
OTHER M W E S  774 77 4 

CORE C O N 1  C1 N E 0  M229 
SPACE STORED 3 0 5 2  

1 P L A N E S  STORED 3762 
1 P L A N E  STORED 3732 

10 ROWS STORED 2966  
1 R O r  S T O R E D  984 
1 M U T I - L E V E L  P L A h E S  S T C R E O  9564 

P E R T U R B A T f D N  C A L C U L A T I O N  2 330 

I N I T I A L  F L U X  

l T E R A T I V E  PROCESS 

OAT*  WILL 8~ s r o a m  FOR LLL GPCLIPS. ALL SPACF 

LEMGHY L O C A T I O N S  U F S E R V E O  F O R  C A l A  STCRAGE---  18000 
MAX MEMORY L O C A T I O N S  R E O U I R E D  F C R  T H I S  PROS-- 8229 
UEHCRY L O C A T I O N S  N O T  USEC-------------------- 4771 

S P E C l  A L  S C R A T C H  OATPISFT R E O U I Q E M E N T S  
M A X I M U M  P k l T S I C b L  HECCDO 1 5  7 2 0 0  U O R O S  

B C D 

6257 7 8 2  4 3 2  708 

z 7 r e  782 Z C P  0 
2748 782 PO? 0 
I 9e2 7 8 2  =') 2 9 

0 782 202 fi 

2068 782 2 n 2  0 

IQ20 78 2 202 2560 



C I T E  CONTAINER A R R A Y S .  C C ~ T R C L  3 6  D A T A  5 7 2 5  
FSLt 24 O E F A U C l S  TO C O P E  - NO.RFCS. R E C s L N T H .  T O T m L N T H .  5 7 4 R T  COC. C O P E  L E F I .  5 3 4 9  1 7 0 7  i ~ n 1 5  
F I L E  27 D E F A U L T S  T O  C O R E  - NC-RFCS. R E C - L N T H .  T O T . L N T H .  S T A R T  L O C I  C O R F  L E F T .  4 7 4 7  1 7 1 1  6 3 7 5  
F I L E  20  D t F A U L T S  TC1 C O R F  - k O . C E C S ,  P C C . L N T H .  T ? r . L h T H v  S T A R T  C O C .  C O R F  LFFT.  LI 79-1 17-P 3411 4 . ~ 5  

c. 7 n 7  3535  sin. , C R C   LE 43  OEFAULTS i o  CURE - NO.T=CS. H E C . L ~ ~ H .  TOT.L~V*TH. S T A R T  L O C .  C O P E  LFFT.  

03 P A h A H E 7 I E R S  FOLLOW F O R  e l  = 1 5 2 0  L N O  0 2  = 5 4 4 0  
N2= 3 N 3 =  10 N4= Z N C =  C N 6 L  is1 N 7 s  1 Ne= 1 N9= I N I n =  I N I I =  I Y I Z =  1 N13= I N 1 4 =  I \IS= I '  
h l 6 -  3 [ V O T E  T H L T  I F  T r k  F L U X E S  A R t  T U  B F  E X P A N D E D  F W O Y  F X l S T i N G  F I T F L U X .  N I P =  3 )  

FFOUIRED D I S K  S T O R A G E  S P A C E  F O P  F L U X < U N * J T S  2 4 . 2 7 . 2 8 )  I S  10569  B I T E S .  
F O R  C G N S T A N T S C U N I Y  4 0 )  I S - -  3 2 6 4 1  dlTF5. 
F r f i  CCLSTANTS(UNIT 2 3 1  IS-- 3 5 2 0 ~  B Y T E S .  

F E O U f P E O  T O T A L  V l S K  S T U Q A G E  E P L C E  IS------------------- 5 5 1 8 7 2 ' :  B Y T F S .  

F O R  THE A S S I G N E D  3 A i A  S T C E A G E .  T I - €  R F O U I U E D  R c G I U N  SIZs I S  A P P L O X X U A T F L Y  4 0 2 K  U Y T F S  

T ~ T L E  F W O M  C R a 5 S  S C C T I O h  F i L f  I 5 G R O U P  L Y F R R  C R O S S  S F C f I O N  S F T -  

PkINClPAL Y A C R U S C U P I C  C R O S S  SFCT I C N S  

CROUP 
Z U N E  

1 
2 
3 
4 
5 
h 

7 
3 

GhOUP 
Z U N E  

1 
2 
3 
4 
5 
6 
7 
3 

C R O U P  
b0ClE 

I 
2 

3 
4 
5 
b 
7 
8 

G R O U P  
LUNE 

1 

4 
5 
6 
7 
8 

I 
0 

2.4SiS80E 09  
2.491576E 00 
2 . 4  9 i 5 Th E 03 
2.4915765 01 
? . 4 9 1 5 7 0 €  00 
2.121200F 09 
2 . 3 2 1 2 0 0 t  01, 

2.5 I 6 4  6 5  E r 0 

e 
D 
1.453017E 09 
1.43835FE 0 9  
i . 43e299E CCI 
!.43829YE 39 
I .478299E 00 
1 . 4 3 8 2 9 9 ~  01 
l . 2 3 6 8 4 5 E  fin 
1.276845E 0" 

7 

0 
9.947532E-01 
9.3 594 86 E-0 I 
9 .359536E-01 
Y. 359536E-01 
9.359536E-01 
9.159536E-Cl 
6.192686E-01 
6.19268bE-01 

4 
0 

6.4 I 347 E-0 I 
6 .413433F-01 
6.4 1314 7jE-01 
6 - 4 3  3473 E - 0  1 
6 .4  1 3 4 7 3 E - 0  I 
3.9541 6 1  E-0  2 
3.9541 6 1 E-0 '  

6 . 4 5 2 5 9 3 ~ - 0 1  

5 1  G N F  

9.7 I 5 1 9 5 E  - 0 1 
9.215?25E-C3 
9 -  2 152 75F-n 3 
9 .215275F-03  
9 .215225E-Cl  
6.309hPJE-06 
6.389673E-PO 

I 4 2  1 6 6 4 ~ - C P  

? I G W  

9 .  i I Or) 1 h€ - 0 4  
9. l1?027E-C4 
9. 110P27E-04 
9. I : QO27E-04 

0 . 0 
0. I' 

4 .  e 3 7 8 0 ~ - 0 3  

9. i i o n 2 7 ~ - n 4  

S 1 G N F  
5.47232 E€-03 
i . c 7 5 0 8 ~ - n 3  
I + O75O84E-03 
1 . C7508 4E - n 4 

: .0?5084E-f'T 
I . 0 7 5 0 4 4 C - @ 3  
0. 0 
0.0 

SI G N F  
I .  068695F-02 
2. 1 3 8 6 9 % - 0 3  
2. l3lAh4fF-03 
2.1386*7F-O3 
2.  138647E-03  
2. i 3 8 6 4 7 F - n 3  
0.0 
0. c 

SI GdF 
I .536809E- 1 3  
1 - 0 3 4 3 2 5 E - I 3  
1 .934326E-13  
I . I 3 4 1 2 6 E - I 3  
I - 03432bE-  1 3  
1.13432bE-1.7 
0.n 
0.2 

5 i G U F  
5 .416419E-  1 4  
1 ~ 0 3 - 3 2 5 2 E -  I 4  
I .033?5.?E- 14 
I.OJ3252E-14 
1 .033ZSZE- 14 
! . 0 3 3 2 5 2 E - l 4  
9.0 
7 . 7  

S I G W F  
6 . 1 9 9 4 9 9 ~ - 1 4  
1 .?3R74'1F- 14 
1 .23874IE-14  
< . 2 3 8 7 4 i E - l r  
1 . 2 3 8 7 4 1 E - 3 4  

7 . 3 1  
'3 . 0 

I .  2 3  n i J i  F- 14 

S I G U F  
l .Z I202 lE-13  
2 . 4 7 2 0 5 0 E -  14 
2.472052E-18 
2.472032E-14 
2 . 9 7 2 0 5 2 E -  14 
2.4720525-14 
0, 9 
0 . 9 

S I G A S  
9 . 4 0 1  215E-04 
0.0 

0.C 
0.0 

0.n 
o.n 

3.n 
0.0 

S I G A S  
6 .210797E-04  

0 .O 
0.0 

0." 
0.0 

0.0 

n . c  

0.0 

5 1 6 4 5  
R . H ? $  Q62E-04 
0. n 
0." 

9.0 
0.0 
0.0 
0.0 

0.0 

S I G A S  

C . 0  
0 . c  

0.0 
C. 0 
0.0 
0.0 
0. n 

2 . 0 5 n 7 8 3 ~ - ~ 3  

S I G N F S  

7.0 

0." 
Q.0 
q . 0  

n.O 

2 . 8 4 9 5 r 9 t - 7 7  

Q, n 

n.* 

S I G N F S  
I . 4 0 4 7 1 0 € - 9 7  
0 , 0 
0.0 

O.n 
0 . r )  

@. 0 

4 .o  

n. o 

S I G N F S  
1.604511E-C3 
0.0 
5.n 
0.0 
0.0 
1.0 
1.1) 

0.0 

S I G N F S  

0 . 0 
0.P 
0 . 0  

9.0 
n.n 
n.0 

3 . o r a 9 9 5 ~ - ? 3  

1.9 

c. 
Cn 
CI 

1 w 
cn 



(.Roup 
ZONE 

I 
2 
3 
4 
5 
6 
7 
8 

3 
0 
6.781518E-01 
6.90355BE-01 
6. SO352 7E -0 I 
6.903527E-01 
6.903527E-01 
6.903527E-01 
3.8691 S4E-CI 
3.8691 5 4 E - 3 1  

5 I G A  
3.251838E-02 
1.931511E-02 
1.931514E-C2 
1.931519E-CZ 
1.931519~-n2 
1 . Y ~ I ~ I Q E - ~ ~  
1.4C~90bE-CE 
1.46€506E-C2 

Sf G N F  
Z - 65 10 2 3E -0Z 

5.696b BBE-03 
5.696688E-E3 
5.896688E-1: 3 
5.6966 88F-03 
0.0 

5. ~96513e.~-03 

n. o 

5 I G*F 
3.233347E-13 
6.186382E-14 
6.586387E-14 
6. SB6387E- 14 
6~58b387E-14 
6.586387E- 14 
0.0 
0.') 

S l G I S  
5.60151 4E-01 
O s  0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

S15NF5 
B~106362E-33 
0.n 
0.0 
0.0 
0.0 
0.9 
0.0 

" 0  

FISSION SPECTRUM C O N S T A h T  F C R  A L L  ZChES 
7,~4037n~-oi ~ . ~ B o ~ * ~ E - c I  6.537999~-03 0.0 0 .O 

3.876C78E-04 i1i2i93o~-n3 3.oe1634.5-03 ~.142663~-03 2.393971E-02 
I / V  C O N S T A ~ T  F O R  ALL ZONES 

SCATTER I N G  W A C R C S C O P I C  C C C S S  I E C T  I O N S  

GROUP I MBANO 1 M J J  1 
T P O  

0.0 0. 3 0.0 0.13 0.0 n.0 0 . 3  0 .0 

GROUP 2 HBAND 2 M J J  1 
TPO 

3.272273E-02 0.0 3.599186E-02 1.0 3.27226%-92 -3.0 3.272273s-FZ 0.e 
0 . 0 3.272273E-F2 0.0 3.272273E-02 0.0 2.414452E-02 1.3 Z . * I ~ Q ~ Z E - ~ Z  

GROUP 3 MBANO 3 M J J  
190 

0.0 6 3 54 10 1 E- C 3  
5.669224E-04 0.0 
6.463237E-03 5.b69224F-04 

GROUP 4 H B A Y D  4 M J J  
TP0 

r) .0 5.591 076E-03 

0 .0 5.5 8944OF-03 
0.0 5.5 e944 OE-0 3 

0.0 t .  26468 I E - ~  

6ROUP 5 YBANO 5 P J J  
TPO 
0 .O 3.247920F-03 
1.405917F-08 9.1 5b952E-08 
J.246458E-03 3.342@?7€-06 
9.156958F-08 0.Q 

0.0 5.4863io~-oa 

2 

5-2148C3E-Ob 
6.463 237t-03 
0.0 

1 

7 e Ob0S73E- 36 
7.5274C7E-06 
7 577407C-0 b 
I.LC3266E-OS 

1 

2.  e 3 4 1 f 9 E - 0  c 
0.0 
I .  a0591 @f-08 
3.24695HF-07 
3.573390E-07 

0.0 
5.669224E-04 
4.52401 1E-13 

L .4  1591 8E-08 
3,246958F-03 
Y e 1  5695tlE-08 
3.3420~7~-05 
0.n 

6.4b3207F-03 

6 a9348* 5 E-04 
o .n 

0.0 

C . C  
D .n 

1 .n 

9.1 5 6 9 5 8 C - 0 8  
3 r3d2 C B  7E- 06 
0 .O 

1.4059'1 8E-08 
4.516136E-33 

5.6bY I9 I € - 0  9 
6.463237E-73 
0.0 

5.589414E-13 
5.589440E-33 

7.2 64 68 I P- 7 7 

5.589443~-0 3 

O.e 

3.246958C-03 
9,156958E-U8 
3.0 

1 . ~ ~ ~ Y P B E - S B  

7.5P739 I€-06 
7.527497E-ee 
7.5274f77E-36 
1 . S 6 3 E S b F - C S  

6.463237E-93 
0.0 

b.934805F-n4 

S C A T T E R I N G  R E H O Y A L  
GROUP I 

GROUP 2 

GROUP 3 

GROUP 4 

GROUP 5 

3.3523~10-02 3.330~~90-02 3.331~36~-02 3.33003m-32 3.33~0360-02 3.3310360-02 2 .4842990-92  ~.487aao-92 

6.361184D-03 6.4707490-03 C.*707?9D-O3 0.4707790-03 6.4707790-03 6.4707790-03 4.575h99D-n3 415356990-P3 

54593911L-03 5,5927566-03 5.542?830-03 5.5927830-93 515927830-03 5.5927830-03 1 .2646810-03  7.2644810-03 

3*24 r9zoo-03 3.2469530-03 I .  2469580-03 3.2469580-33 3.2*63580-03 3.24695en-93 4.51 6 1 3 6 o - m  4 .s16136o-c3 

O I C  0.9 C.C n .n 0.0 0.0 9.- n.n 

F I N E  M€SH O E S C R l P T l O N  - P C I N T  I f  L O C A T E D  A T  Tr(E CENTROID OF THE VOLUHP ELEMENT 
D I S T A N C E  ra P O ~ N T  - DIMENSIGN I (LCFT T O  R I G H T )  



1 6.2410 2 IO.eCS7 3 70.7514 4 11.3091 5 39.1119 6 45.3280 7 5‘1.54:h 9 E C . 2 6 5 4  
9 6 1 . 3 6 1 2  1 ,  68.4633 1 1  74.895? 12 8 1 . 7 3 6 4  13 t38 .8928 1 4  95.5146 15 10L13582 16  106.5510 
17 111.5n3r 

D I S T A N C E  T U  P O I N T  - D l M E N S I C h  2 ( 1 C P  TO B O T T O M 1  
I 2 . 1 4 9 0  2 b . 1 2 q n  7 !o.zonn 4 1 5 . 2 ~ 6 7  5 2 1 . 2 9 m  6 2r.3233 7 33.q550 8 i q .98=n 
9 46.4150 1 0  ~ 2 . e * z c  

SEARCH LIMITING F A C T O R S  - SPI = -5.a05~a5~ 10 S P Z  = - 1 . 0 1 9 4 8 1 ~  31 SA = i . b n w 6 n r - 9 7  ~ N F  = 1 . 7 1 ~ 4 ~ 9 ~ - ” 2  

D E T E R M S N F  I N 1 1 1  C L  P A R A M € T E H S  F C P  I T E R b T l V t  PROCEDURE 

C E F E R E N C E  P O I N T  F O Q  L N I l I b L I Z A l 1 O h  M I L L  B E  A T  C O L U M N  = P R a w  = 9 PLANE = I Z 3 N E  = 1 
I N I T I A L  O U l E R  l T E R 4 T I O N  E l G E k V d L U E  C . 5 2 1 E 7 9  O P T I O N  0 
X h l T l A L  O V E R R E L A X A T I O N  C C E F F I C I t h T S  M C X .  1.361220 M I N .  I.2On00C I N N E R  I T F R A T I O N S  M A X .  4 U i W .  4 O P T I O N  P 
UCSe P O I N T  S W E E P  O P T l O N  I 
O U T t R  LTEPATICJN L l U l T  T O  C F  U S t C  35 F S T I Y A T E D  15 

M A X I M U M  S T O R A G E  U S E D  F O R  C A L C U L A T l h G  I N I T I A L  P A G A M E T E R S  W A S  I261 

L N I T I A L  F L U X  is  FXU(J.U)CFV(IICFZ(K0) 

T O T A L  C O R E  R E O U I R C O  F O R  D L T A  S V C C L G E  1s 8193 N O R 0 5  
E L A P S E D  C P U  A N 0  C L O C K  M I N U T E S  A R E  0.062 0.917 



A FLUX - EIGENVALUE PROBLEM FUCLOUS 
4 IIrNERS M I N .  4 lhhERS L L X  - ChEBYCHEV BETA O N  INMERS 

S I G M A - I  OROERING 
P H O C E D U P E ~ O r l ~ 2 ~ 3 ~ b - N O R M ~ L ~ C ~ E E Y S H E V ~ S E U E X , O E M E K ~ S E M E X F ~  ICVR=O.I-YES.NO INNERS CONVR. OCVR=0.I-VES.NC W T F R S  CONVR. 
ITER ?ROC ICVR OCVR FLUX ChAhGE MU-0AR OTHER-MU S E M - I N 0  ACCUERATlON PAQAMETfQS 

I O 0  
kEU OVE RRELhXAT I CN 

1 .24588  1.35644 
2 0  0 
3 c  0 
4 0  0 
5 0  9 
6 0  0 
7 0  0 
8 0  0 
9 0  c 

10 0 0 
11 0 0 
12 0 0 
1 3  0 0 
1 4  0 0 
15 9 0 

0 I .E3€4CD co 
CQEFF I C I E h T S  CLLCUL 

1.24912 I.15511 
0 -4 .4b7110-01 
0 -4.Ob9420-01 
0 -3.656430-01 
0 -3.1705bD-01 

0 -2.314620-01 
0 -1 .973540-0 l  

0 -1.Sb354O-01 
0 -1 .012380-01  

0 -7.240380-03 

0 -1.35372D-C3 

o -z.rifizao-ni 

a -1 .77~130-01  

0 - 2 . 3 5 3 e ~ o - 0 2  

n - ~ . 2 0 7 e b o - o 3  

0.0 

1.1 3 3 2 7  
.ATE0 

o.iar-1 
0.70750 
0.71569 
0 . 1 0 9 b 8  

0 - 7 3 6 4 1  
0 - 7 5 3 9 6  

0.80432 
0.59671 
9.14299 
0 .o 
0.38132 
0 ,09451  

0.71982 

0.80934 

9.9 

0 .0  

0 . 3  
0.') 
0.0 
0.9 
9 . 3  
0.0 
0.0 
0.0 
0.0 
0.9 
0.0 
0.3 
0.0 

1 .ooooo x 

I .00000 

L.OOOOO 
1 .ooooo 

1.00000 
1.00000 
1 .OO000 
1 .aonon 
1.00000 

1 .00000 
I .00000 
I .00000 

I .moon 

I . v o o o  

i .ooono 

a.0 

I .  30090 
2. 41884  
2.5251 2 
1.25731 
0.59694 

21.01284 

3.79136 
- I .  1 6 2 6 9  

C 1 P 2 0 8 7  
0.0 
0.65 1 4 9  

-4.07568 

- 1  8.92863 

-3.62401- 

0 .o 

0 .0  
0.9 
-0.90537 

0.86650 
1.39944 

I4.70P8R 
. I  2 3 3 7 4 6  

4.59751 
0.26502 
4 0 3 R 0 1 0  
9 .O 
9.0 

1.57493 
-0.nii~9 

**********SEAQCH EIGENVALUE RAhGE VIOLATED - CALCULATED 1.974900 00 USING 1.C0n033 90 

NE* ZNATDN INTERF4CE VERSION 2 H A S  BEEN U R I r T E N  OH I/O U N I T  NUMBER 31 

PROCEEO ING NI TH SECONOLRV SEPIRCH 

T I T L E  FROM CROSS S E C T f O N  F I L E  / S GROUP LMFBR CROSS SECTION SET. 

DENSITIES UPDATED FOR DIRECT SEA.ECU * t i n  CHANGE EIGENVALUE i.oooow- 00  

PRINCIPAL MACROSCOPIC CROSS SECTICUS 

GROUP 
ZONE 

1 
2 
3 
4 
5 
6 
r 
8 

GROUP 
ZONE 

I 
2 
3 
4 
5 
6 
7 
8 

1 
D 
2.461064E 00 
2.491580E 09 
2.491576E On 
2.691576E 0.7 

2.491576E 0 3  
Z.12120OE 0 0  
2s121230E 00 

z.4914rh~ 90 

2 
n 
1.*21424€ 00 
1.438300E 03 
1.438299E 0'. 
1.438299E 00 
1.438299E 0 9  
11430299E 00 
1.275845E 00 
1.27634SC 00 

S l G A  
6.73278BE-02 
A. 3 3 0  1 3 tE-C3  
4 .33C l lOE-03  
4.33C14CE-03 
4.33ClbOE-03 
4.33C140E-C3 
8.19C463E-C4 
R.1904C3E-04 

5 I G A  
2.962696E-03 
1.97LlESt-03 
I .97517OE-03 
l .Y7E170€-C3  
1+97 f17OE-C3  
I .9TS17CE-C3 
S.C'74eCE-C4 
5.0574BCE-C. 

S I G N F  
I .  70 66  1 5E - 0 2  
9.21519sE-03 
9 -215225E-C3  
9.21 5225E-03 
9.215225E-C3 
Y . 2 1 5 2 ? 5 F - P 3  
F a  389623€- *6  
6.389b23E-06 

51  GNF 
6.32251bE-OT 
9.11 00 1 Oe-Ob 
9.210027E-04 
9. I 1  0027E-Ob 
9. 110027E-11 
9.110027E-14 
0.0 
3. n 

S I  GUF 
L 83281OE- 1 3  
I .  03 4 325E- 1 3 
1 . 034326E-L3  
1.93432bE-13 
I -034326E-  13  
1.03b326E-13 
0.9 
0.0 

S1G.F 
7.079309E-14 
1.033252E-14 
1.033252E-14 
! -033252E-14  
1. 333252E- 14 
1 ~ 3 3 3 2 5 2 E - 1 4  
0.9 
0 . 3  

S I G A S  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

S f G A S  
0 . C  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

SIGNFS 
F.0 
0.0 
0.0 
0.0 
0.0 
9-0 
'I .(r 
0.0 

SIGNFS 
9.0 
0.0 
0.0 
f- .r! 
0 . 0  
F a @  

r) -r! 
0.0 

K SFARCH FACTOR S.r.-CALC 
0 .7471086  n.PI n.9 

GROUP 3 
ZONE D S 1 G A  S I  GNF 5 1  GUF SI GAS SCGNFS 

1 9.229326E-01 7 + 6 2 3 1 3 5 E - 0 3  7.976833E-03 8 . 0 1 9 l l 7 E - 1 4  0.0 0.0 
2 9.3ES484E-C1 s.it~528~-03 I . O T S D ~ ~ E - O ~  l.ZJi3740E-14 0 . 0  0.0 



A F L U X  - E I G E N V A L U F  PROBLEW F C L L C U S  
4 I N N E R 5  M I N .  4 IhhFPS Y L X  - CHFH'YCHEV E E T A  O N  I N N C H S  

5 I GMA- 1 ORUEI: I N G  
PHVC: UUR E = C ,  I - 2  , 3 . 4  -N 0 R M A L . C H E E Y S I- E V . S F Y E X , D E  ME X e 5 E M k  x F . I C  v H = e  , 1 - YF 9 , Ntl 1 N N E R S C '3NV H . 'IC VR = 9, I - V c N C OU T F  P %  
I T E R  P ' L U C  I C V R  I l C Y R  F L U X  C H A h G E  MU-BAR OTHER-MU S E * -  i N 3  A C C E L E P A T I O N  P A U A M E T F U S  S O U P C F  K - U S C D  

s . 7 5 6 6 8 ~  ; 5  I . n o 9 w o i  I c o c. - 7 . 4 ~ ~ 5 7 ~ - n i  r1.c 0.0 I .101)0" 0.0 0 . 9  
h E *  O V t  P R t L A X A T :  CN C O F F F  IC I E h T C  C ~ L C U L A T E O  

1.24532 I .35-37h 1.24CS2 1.15431 1.13177 
2 o o o - 2 u 0 9 4 ~ 9 ~ - 0 1  o . r4676  9 . 9  I . o n n o n  !.0o0Qq 7.n 5.17947F I El I .'l?99*97 
3 C 0 0 - I . O P I I ~ O D - C I  0 . 4 4 9 2 2  3.0 I .')')on9 n.81561 n.n  4.54357F '15 ?.95*24L7 
4 0  n C -3.6F6SIO-C? n . 3 3 1 2 7  '3.3 ! . o o o o o  e.97461 -1.25825 0.41719f  i c I  Q . 9 " @ P C F ?  
5 0  o D -P . "A3eU-02  ' ) .352iv  0,9 I .00?03 " - 4 3 5 1 5  n.OJSL1 d.4327SF 1 5  n.9041489 
6 9 0 -5.r67S1D-P3 O.32682 7.0 I .-nnoc ".OJ96? 9.15313 4 . 4 3 3 0 4 F  1 5  n .9?47664  
7 r )  n n - 1 . 7 5 7 5 6 ~ - 0 3  0 . 4 9 ~ ~ 4  0 . 9  I .COOO? - * . 7 3 6 2 5  n.26414 4.43-3Y9F 15 P,Vc47765 

h O T f  S L L A X f D  F L U X  C H A N G E  C N  F I R S T  P A S S  OF Z N D 1 R E C T  SECQCM 

F I N K  C A L C U L A T t D  K F F F E C T i V t  C.GC44171 
M U L T I P L I C A T I O N  R T - : A R I L I T V  E S T l C A l C F S  
OV TCE 5UM OF T i l F  5 0 U A Q F 5  O F  .TWE R F S I D V E S - - - - - - - - - - - - - - - - - - - - - - - - - -  0.9n44.533 
U P P E U  AND L O Y E R  POUNDS k 5 f i * l a T E S  E Y  N I X  R F L  F L U X  CHANGE- - - - - - - - - - - -  O.9PhF967 3.90ZR?75 
U P P C U  A h D  LOWER B U U N D 5  E S I I Y A ' I S S  CVER A L L  S ( G N I F I C A N 1  P U l k ! r S - - - - - - -  O.9993"89 0.89557 J 1  

N U H u E U  OF I N N E U  i T E R 4 T l O N S .  C U T E R  I T I U A T l i l N  E R P U U  t l G E Y V A L U F .  AND n V F R R E L A X A T ( 0 N  C U F F F I C I Y N T S  4 ?.') 
1.26531 1.35366 L.Zbt91 1.15431 1.13277 

CPU ANL) CLCCK M ~ ~ U T E S  REOUIREU F I ~ R  THIS 'I:GFNVALUE PRU.=ILEH A R E  0 . 0 2 4  n . 1 1 3  

C O U F 5 t  MESH CH8,rrGE F I G E N V L L U F  I S  3.S'6292D-O1 
i L A P S E D  C P U  AND CLDCK H l h U T E S  PRE 3.197 2.382 

A F L U X  - E I G E N V L L U c  P R O B L E C  F O L L C b S  
4 I N N F R S  Y I N .  4 SNNEFS W A X  - C H E B Y C H F V  O L T A  O N  INNECS 

SIGMA-I O R D E H I N G  
P P O C t D U R t = O  1 . 7 . 3 ,  b - N O R M h L ~  C H F  E I S H E V .  5EME X .DEYEX, 5 E W x F .  !CVY=D,  1 ~ 

4TC-2 P C O C  I C V R  O C V R  F L U X  CHANGE MU-OAR O f H E R - M U  S E H - I N D  
1 0 0 n - 4 . 6 6 6 3 7 D - 0 1  0.0 1.q I . n n n o r  

N E *  U V E R h E L P X A I I C N  C O E F F I C I E N T S  C I L C U L A T E D  
1.24435 1.74408 1 . 2 4 Q 5 5  1 . 1 5 2 5 2  1.13167 

r' C 0 0 -4 .71o370-91 0.78470 0.0 I .0@00', 
3 0 0 0 -3.214170-0: 1 ) . 5 ? 2 2 7  0.3 I .FOOOC 
4 n r - 1 . e s i 7 6 o - n s  0 . * 3 2 8 ~  3.0  I .')*0@0 
5 0 0 0 - € - 2 6 3 6 6 0 - 0 2  0.45717 0.9 i .noooo 
6 0 0 9 -4.50RA30-02 0.52308 0.0 1 . ' J O C O F  
7 b 0 0 -2.811599-02 0.6IOR9 9.0 I .oooon 
1 3 3 C - 1 . 3 5 0 3 8 0 - 3 7  0.69575 0.9 I .nooon 
9 0 0 P -6 .689430-93  0.0 0.0 I .00@00 

I C  0 'J ? 4 .536540-03  0 .67591  0 . 0  I .no000 
I I  0 1 7 2.859"40-@3 C.79053 F.13 I . coco0  
1 2  o 9 c 2.051~0~-07 0.7107-  0 . 3  i .oocon 
1 3  C 0 0 1.437343-03 0.73363 0 . 3  I .oonoo 
14 o G c i.o3332o-o3 0.70155 0 . 0  I .ooroo  
1 5  3 7 o 2.50480o-n3 0 . 7 0 0 9 ~  3.0 9 .n 
I 6  0 0 3 -?.364510-'l6 0.0 0 . 0  3.10000 

. Y E S . N O  I N N e R S  CONVR. OCVR=9.1 -YFSIN0  OUTERS 1 

A C C F L E R A T I O N  0 4 Q A H C T F R S  SOURCE K - U S T D  
n. 0 0.0 1.Oi957E I 6  1.9099993 

I .@@*no 
I . " 5 @ 1 0  
1.19493 
n.58299 

-7.22099 
9.13755 
8.66276 
n. 9 
9.31 197 
2 . 4 l l l q '  
3.86549 
1.33169 
3.30997 
3.13297 
c. n 

3 . 9  
0.9 

-3.757 1 1  
Q. 10779  
3.340dR 

-3.72967 
-?. 872 I 4  
9.0 
0.28717 

-0.95r~h 
- 9 . 0 5 4 4 5  

0.75715 
-1. 6 79 13 
-0 .55618 
O.q 

9.9C520F 
9.76997E 
9.h8472E 
9 . 6 2 1  9 7 -  
9.57*?7E 
9.525OtlF 
Q m b P l + l 1  E 
9.22YZ'*F 
9.71333C 
9.21 3 9 7 F  
9.21235E 
9.2 1 I 8 6 F  
9.21 151F 
9.21 I 7 7 F  
9.71 - 7 - 5  

C S T l Y A T E D  A B S O L U T E  P O l N T  F L U X  CELAYIVE F R R D H  7.eR758D-06 

F l n l l L  C A L C U L A T E D  K E F F F C T I V C  :.CC641C7 
W U C T I P L T C A T I O N  R E L I 4 k i 1 L I T V  E S T I M L l O R S  
61 PHE SUM ?Y THE SQUARES U F  T C F  FESiDUES-------------------------- 1.00641 0 7  

U P P E R  ANV LOWER B O U N 0 5  E S T L M A T E S  BY M A X  R E L  FLUX CHANGE- - - - - - - - - - - -  1 . n o 6 4 1 4 1  1 . ln64073  
I .nO6424R 1.0063905 U P P E R  A N 0  L O d E R  BOONDS E ~ T I H A T E S  C V F P  A L L  S I G N l F i C A N T  P O I N T S - - - - - - -  

NUHBER OF I N N E R  I T E R A T i O k S 1  C U T E R  i T l E R A r I C N  E R R O R  E I G E N V A L U F .  AND 0 V E R R E L A X A T ; J N  COEFF!CIENTS 4 7.00984D-P I 
1.24434 1.34400 1 . 2 4 9 5 5  1 . 1 5 2 5 8  1.13167 

C P U  AND CLOCK H l h U T E S  R E C U I R E C  FUG T H I S  E I G E N V A L U E  P R O B L E M  ARE P . C 4 2  C.217 

C O U E S i  M E S H  CHANGF E I G E N V # L U E  15 4 . 1 0 2 3 5 0 - 9 1  
E L A F S E D  C P U  AND CLOCK M i h b T t S  # R E  0.274 3.293 

Iz 
in 
0 

1 c. 
0 



4 F L U X  - F I ~ N V A L I J ~  P R 0 Y L C - Z  FOLCCWS 
4 ihhEi is MIV. 4 ih lv~es  unx - C ~ E P T C ~ ( E V   ETA ON IYNFRS 

S I G M A - L  ORDERluG 
PPOCLUuRE=O.l + 2 , 3 r 4 - N O R M A L . C H E ~ V S * t Y .  S F U F X . O E W E Y . 5 E H E X F .  I C V 4 = 0 v 1 - Y E S r N 3  t N N E K S  CONVR. rsCVR=3. 1 -VFS.NU OUTFRS CONVR. 
I T E R  PRUC l C V R  3CVR F L U X  CHAkGF * U - H b R  OTHER-MU SEM- IN( ,  A C C E L E R A T I O N  P A R A M F T E R s  S O u P C E  I(-USED K-CALC 

9 . 4 5 9 4 1 ~  15 1 . m 9 5 4 ~ 1 3  i . o c w w 3  3 . 5  1 . ~ O O O O  0.7 0 .o 1 0 1) 0 1 . C U 6 2 2 D - 0 6  0.0 

F X N L L  CALCULATED KEFFFCTIVE i , g c s ; 9 9 9 3  
M U L T I P L I C A T I O N  R E L 1 4 H I L I T V  ESTK( lATOE5 
BY THE 5Uh ff THE S Q U 4 G E S  O F  THE RFSIDUFS---------- - - - - - - - - - - - - - - - -  1.0073k97 
UPPEC A N 0  COWER t lGONOS E S T I U h T F 5  dT l a b X  HEL FL'J% CHANGE------------ 1 . 0 1 0 0 3 0 4  1 + 0 0 9 4 9 8 2  
UPPER AND LOUEC BUUNOS E S 7 I M A T E S  CVER ALL S l d N l F I C A N T  POINT$-------  1 . 0 I P 0 6 1 4  1.0099685 

NUMBEP 0F I N N E R  I T E R A T I O N S .  OUTER I T E S A T I D N  E R R G K  E I G E N V A L J E .  A N 0  O V t R R E L A X A T I O N  C O F F F l C I E N T S  4 0 . C  

1 . 2 4 4 2 2  1.3936')  1 . 2 4 0 2 9  1 . 1 5 2 4 2  1 . 1 3 1 3 9  

CPV AND CLOCK Y f k U T E S  K E U U I R E D  F O 2  T H t S  E l G F N V l L U E  PROBLEM 4 C E  0.005 0.063 

F I N A L  CUURSE M E S H  1 N T E R V A L  E O U I I C 4 Q I E S  
XMESH r . 0  1 . 7 6 5 1 2 1 0  01 6 . C 0 7 5 1 9 0  0 1  9.12671dD 31 1.1017790 02 1.30924'30 0 2  t . 4 5 1 6 4 9 0  0 2  

YMESH e .0  1+22*n00D Cl 3.C340090 01  b.1385750 O t  
ZMESH @,@ I . 0 0 0 3 0 9 D  PO 

O I S T A h C E S  T U  F I N E  MESH I h T E R F I C E ' ;  
1 / * x  I 0.0 2 1 2 . 4 8 1 3  ? 1 7 . 6 5 1 2  4 37 .5595  5 5 0 . 0 9 8 6  6 6 0 . $ 7 5 2  7 67.8863 
L / X *  8 7 4 r B 8 1 1  9 81.2872 IC) Y ! . P T \ H  I 1  19ls4b5B 1 2  1 1 " - 1 7 7 9  1 3  t 1 7 . 5 0 1 3  1 1  1 2 4 . 3 9 4 3  
l / & X  15 1 3 0 . 9 2 4 Y  16  1 3 6 - 1 9 9 5  1 7  1 e 1 . 2 6 7 7  18 1 4 b . 1 6 4 9  
2 / Y Y  I 0 . c  2 4.0830 3 8 . 1 6 0 0  9 1 2 . 2 4 0 C  5 1 8 . 2 7 3 3  h 2 4 . 3 9 6 7  7 30.3400 
2 / Y V  8 3 8 . l O i 4  4 8 5 . 8 6 2 9  10 5 3 . 6 2 4 3  1 1  61.3857 
3 / Z L  i 0.0 2 i.OG@O 

D i S T A N C F S  TC. F L U X  P C I Y T S  
1 / X  I 8 . 2 2 5 6  2 15.2864 3 2 9 . 3 4 5 2  4 99.2752 5 45.3123 6 4 4 . 0 9 9 9  7 7 1 . 4 7 ? 5  

1 /X 5 5  ! 3 3 - 5 € 5 7  16 138 .7543  17 1 4 3 . 7 3 7 2  
Z / Y  1 2 .0400  2 e.12Qc 3 10.20FO 4 1 5 . 2 5 6 7  5 21 .290P 6 2 7 . 3 2 5 3  7 3 4 . 2 8 - 7  
Z / Y  u 4 1 . 9 8 2 2  9 49 .7436  13 4 7 . 5 3 5 0  
3 / 2  1 0.4004 

f i x  8 ~ u . 1 5 2 ~  9 e h . 7 7 2 4  i c  96.8163 3 1  : 3 5 . 9 i s 5  1 2  1 1 3 . 8 9 a 5  1 3  1 2 0 . 9 9 6 9  14 177.7914 

L E A K A G E  ?.*70&2E I 2  TOTAL L O S S E S  1 . 0 4 2 4 3 F  14  T O T A L  P R O D U C T I O N S  1.0S285F 14  REACTOR " O W F R ( N A T T S 1  2.3450CU 0'3 

P R I M I T I V E  FISSXLE C O N V E R S I O N  R A T I C  1 5  1 . 2 3 7 2 5 0  09. E S T l M A T E  F O R  C R I T I C A L  S Y S T E M  I S  : . 2 6 2 9 8 D  90 
F I S S I L E  D E S T R U C T I O N  PER UkIr E h E R G V  ( A T O M S / N I ' T - S E C I  15 2 . 9 9 0 2 8 @  13 

B C U M I A R Y  N E U T U O N  L E A K A G E  
GROUP L E F T  RIGHT T O P  B O T T O M  F R C N T  SACK 

1 c.0 2 . 9 0 5 8 C D  10 4 .947560  I 1  0.0 3.3 0 .0 
2 C . 0  3 . 6 9 1 1 C C  I I  4 . I S 2 7 f 5  1 2  3.0 3.0 0.1 
3 0.0 1 . S 1 4 8 3 0  1 1  1.536390 12  0 .0  0.0 0 .R 

5 C.O L . ~ ~ P W  10 i . 3 ~ 7 2 ~ ~  1 :  0.0 3 SO 0.0 
SLIM 0.0 6 . 2 3 4 2 A F  I t  f . F q h S 9 E  I 2  0 . C  0 - 0  R .a 

4 C . 0  b.20004D 10 5 . 6 7 3 9 4 0  I 1  0.- 0.0 n .Q 

GROUP N E U T R O N  B A L A N C E  F O E  EACH Z O h E  

LONE GROUP 485ORPTLCNS 0+*2 C C 5 S E 5  I / V  L O S S  3 U l - S C A T T E R  1%-SCATTER P 1  I N - S C A T T E R  SSLIPCE PONER(WATYSI AVFRAGE F L U X  
I 1 I . 0 7 6 3 7 E  13 0 . Q  0.0 5 + 1 3 3 4 3 E  1 3  0.0 0.0 7 . 1 1 4 0 6 C  ! 3  7 . 9 3 n 1 2 ~  0 2  P . + R P I ~ T E  $0 

I 2 2 . 3 0 1 7 5 E  1 3  0.0 0. @ 3.72bY4E 13  5 r 0 4 6 4 8 F  1 3  q.0 P . 2 4 9 2 U E  I 3  4.lIPOQE 192 F.?!3+'tF CY 
1 3 2.87127E 1 3  0.0 O I 0  1.52592F 13 3 . 8 0 5 6 U E  IS 0.C 6.5562Rf 1 1  2 . 1 7 h n Y F  C ?  4 s Z : C S S E  6 9  

1.1222AF " 2  l r 1 1 5 1 9 E  39 6 9 1 . 2 7 9 1 7 E  1 3  0.9 0.0 2.34508E 1 2  1.53096E 1 3  l . 0  J 
1 5 2.43421E 1 2  0 . 0  0.0 0 a 0  2.35311~ 12 h a 0  2 . 8 5 2 4 4 F  Cl 9 . 9 C A 5 4 F  07 



SUM 

2 
2 
2 
2 
2 

SUM 

3 
3 
3 
3 
3 

SUM 

4 
4 
4 
4 
4 

SUM 

5 
3 
5 
5 
5 

SUM 

6 
c 
6 
6 
6 

SUM 

7 

7 
r 

r 
r 

SUM 

6 
8 
a 
a 
8 

SUM 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

I 
2 
3 
4 
5 

I 
2 
3 
4 
5 

I 
2 
3 
G 

5 

I 
2 
3 
4 
5 

1 
2 
3 
I4 

5 

6.9719RE 13 0.6 

5.58655F 1 1  0 . 0  
1.71320E 1 2  0 . 0  
2.80928E 1 2  0.0 
2.32774E I 2  0.0 
5.9165SE I 1  0.0 
8.00062E 1 2  0.0 

9 . 6 3 4 e i ~  1 1  0 .0  

2 . 6 7 7 7 1 ~  1 2  0 . 0  
4.I4135E 1 2  0 . 0  
3.40081E 1 2  0 . 0  
8.656806 I I  0.0 
1.20690E 1 3  0.0 

1.23852E I I  0.0 
4.75642E I I  0 . 0  

7.868595 1 1  0.0 
8 . 6 2 7 7 9 ~  I I  0.0 

2.280565 1 1  0.0 
2 . 4 7 7 1 9 ~  1 2  0.7 

6.77219E I 0  0.0 
3.11073E 1 1  0.0 
6.21593E S I  C . 0  
5.96050E S I  0 . 0  
I.81503E I !  0.0 
I .77814E 1 2  0.0 

2.05ldbE IO C . 0  
9.939346 l o  r.0 
2.34353F 1 1  0.0 
2.05038E 1:  0 . 7  

5.95937E 1 1  0 . 0  

6 . 6 4 3 4 3 ~  1 o 0 . 0  

2.9862511 i n  c.o 
6 . 8 1 7 9 6 ~  I I  0 . 0  

3.71995e I I  o.c 

3 . 8 1 7 6 6 ~  I 1 c.n 
R.81738E I 1  P.O 

1.R4716E 12  @.@ 

2.46245E 0 9  0 . 0  
2.39333E 1 ' 1  0 . 3  

1.393665 1 1  0.0 

2.84136E 1 1  0.0 

5.24519E I n  c.c 

6 . 7 9 3 2 7 ~ 1  I O  0.0 

0 . 0  

0.0 
0.0 
0.0 
0 . 0  

0 . 0  
0.0 

n.0 
0 . 0  

0.0 
0 . 0  

0 . 0  
0 . 0  

0 . 0  

1.0 
0.0 
0.0 
0.0 

0.n 

0 . 0  
0.9 
0.0 
0.0 
0.0 
0.0 

0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
C . 0  
0.0 
0 . 0  

0.0 
0.0 
0 .0  
9.0 
0 . 0  
P . 0  

1.36184E 14 

4.29626F I 2  

3.07136E 12 
6.40832€ 1 1  
0.0 
1.36213E I 3  

5 . 6 1 2 a i ~  :? 

7.40952E 12 
8.7723'IE 12 
4 . 3 4 3 5 R E  12 
9.3624hE I 1  
0.0 
2 . l 6677F  13 

9.5247'JE 11 
1.558236 12 
9.43270C 1 1  
2.14623F 2 1  
0.0 
3.67059E 12 

5.20806E 11  
1.01919E I2 
6.7900.1Z 1 1  
1.64093E I !  
0 .O 
2.3837YE 12 

1.57795s I I  
3.2561YE i I  
2.23636C 11 
5.64473E 10 
0 .* 
7 0 6 3 4 Y 8 F  11  

9.06d69E I I  
1.b3040E I2 
1.67622E 12 
5.15166E I 1  
0.0 
4.72865F I 2  

7 . 4 7 7 9 5 ~  IC 
I . 9 6 4 3 5 E  1 1  
2.363506 1: 
8 . 1 4 3 8 0 E  I P  
0.0 
5.89Q03E I 1  

l . 0 6 I 8 4 E  14 3.0 

0.0 c.0 
4.22173E 12  0.0 

3.07747E I ?  Q.0 
6.47691E 1' 0.1 
1.36213E 13 0.- 

s . 6 7 9 4 1 ~  12  0 . 0  

0.0 0 .O 
7 . 2 8 1 0 0 ~  1 2  0 . 0  

0.88O27E 12  0.0 
4.b5943E 12  0.0 
9.39004E I 1  0.0 
2.166'7E 1 3  0.0 

0.0 0.r 
9.35Y49E I I  0 . 0  

1.57263E 1 2  0.0 
9 . 4 4 8 2 3 ~  I P  O.n 
2 . 1 7 1 9 2 ~  3 1  P , . O  
3 . 6 7 0 5 9 ~  ir' 0 . 0  

5 . 1 1 ~ 7 2 ~  1 1  n . n  
0 . 0  ( I .0  

\ . 02677€  1 2  0.0 
6.30748E $ 1  0.0 
1.64503F 11 0.0 
2.3a379e i2 n.0 

0.0 7.0 
I . 55058E 12 0.0 
-.~~OPIE 1 1  0 . 0  

2 . 2 3 9 3 2 ~  I I  0.0 

5.65818E 10 0.0 
7.03498E I I  " . O  

0.0 0 .ti 
8 .80373E I 1  3 . C  
I . 6 5 1 4 8 E  12 3.0 
l .OB16bE 1 2  n.0 
5 .35199E 1 1  0.0 
4.72865F 1 2  0.0 

0.0 0." 
7.25901F IO 0 . 0  
1 . 9 ~ 0 1 4 ~  1 1  0.0 
2 . 3 6 9 5 1 ~  i s  0 . 9  
8.14414E 10 O . C  

5.89303F I S  '3.0 

OVERALL NEUTRON BALANCE 

s- 
w 
0 

1 
2- 
lo 

ZONE VOLUMES FOLLOW.  TOTAL W L L M F  4.12005E C 6  
6.44460E OS 5.39510E 0 5  3.7572TE 0 5  3 . 1 4 5 4 0 E  0 5  4.87874E 05 2.844375 0 5  8 . 2 1 5 1 R E  15 6 1 5 1 9 9 0 F  65 



P C I N T  NEUTRON D E N S I T V  (NFUTUONZ/CC) 

1 2 3 4 5 6 7 R 9 
1 b.4130 06 6.2620 O b  5.@OCD 06 4.8340 06 3.9750 '36 3 .2480  06 2.6430 0 b  2.125D n6 1.5170 3 6  
2 1.4150 07 1.3820 07 1 .2090  C7 1.0670 07 8.77-0 Oh 7.1680 06 5 . 8 3 3 0  06 4.b9nD 36 3.3490 nb 
3 2.113D 07 2.0630 07 1.9110 07 1 .5930  O T  1.3090 07 1.0640 0 1  8.595U Oh 6.9850 n6 4.9830 06 
4 2.6530 n7 2.5900 07 2.3F90 07 1.99913 0 7  1.6420 Q7 1 . 3 3 0 0  37 1.08&1) 07 R.7320 96 6.2f90 "6 
5 3.JSCO 07 3.3100 37 3.0650 O7 2.5530 37 2.0950 07 1.7961) 07 1.382D 07 1.1063 77 Tau710 96 
6 4.1690 07 4.0650 C 7  3-7690 07 3.1330 07 2.5650 07 2.0870 07 l.h&bD 07 1.3470 07 9.6960 Ob 
7 4.8100 07 4.6950 07 4.3480 07 7.6160 17 2.9690 77 2.3980 07 1.9290 '37 1.5410 07 1.1750 07 
8 5.7760 07 5.6380 07 5.7200 07 4.3400 07 1.5490 0). 2.8690 07 2.3010 07 1.8330 07 I.j950 17 
9 b.5560 07 6,3990 37 5.9250 07  4.9250 07 0 .0240  07 3.2560 07 2.6010 97 2.0670 07 1.5650 Q7 

IO 6.9700 07 6.8120 C7 6.3060 07 5.2420 07 4.2810 07 3.4560 07 2.7650 07 2.1940 07 1.6570 n7 
12 13 14 15 16 17 

1 4.1980 05 2.7480 05 I - P Z O O  05 111890 05 6.9920 34 2.85LD 04 
2 9.0590 C5 b.0890 05 4.06213 05 2.6470 05 I.570D 05 6.3620 04 
3 1.3430 06 9.049U 0 5  6 . 1 2 C D  OS 4.0370 05 2.405D 9 5  9.7400 04 
4 1.6630 06 1.1251) O B  7.e14C OS 5 . 6 3 4 0  35 3.3830 05 1.3740 05 
5 2.0670 06 1.3563 nb ~.7780 05 7.2820 05 4.4340 95 I.EI~CD n5 
6 2.5090 06 1.6840 OC 1.lPOD 06 8.8450 0 5  5 . 4 1 1 0  05 2.2110 95 
7 2.9980 06 2.0070 06 I.402C 06 1.0520 C 5  5.43bO '15 2.5340 05 
8 3.4880 06 2.3230 P €  1.C170 06 1.2110 O t  7.4050 95 3.0300 05 
9 3.8530 06 2.5561) 2t 1.7750 06 l*327D n6 5.11t)D 05 3.3160 05 
I C  9.047D 06 P.6830 O b  1.8580 96 1 . 3 R 8 0  06 8.47RD 95 3.4671) 85 

T n t  R E L A T I V E  NEUTRON D E N S I T Y  TCLVERSE L E F T - T O - R I G H T  15  
I . O O O r ) O U  00 9.761700-C1 9.C371YD-01 7.510650-11 6.135260-01 4.952670-01 3.962269-01 3.144030-91 
1.4~4660-01 9.112290-CE 5. eacioo-02 3.sc.0990-62 t.662670-0~ 1.98937~-n2 1.214900-~2 4.967980-03 

THE R E L A T I V E  NXUTRUN DENSITY Tf iLVERSE TOP-TO--BOTTOM IS 
9.190960-02 2 *028291)-01 3.  O? e6 10-01 3.8021 !0-'11 4 -857Y3D-Ol 5.906890-0 1 6.8971 30-9 I 8.27668D-0 1 
1.000000 00 

2.37407D-*1 

9.39425D-C1 

POWER D t N S I T Y  I h T E U F A C t  FILE P h C I h T  I V F R S I O N  1) H A S  BEEN WRITTFN ON UNIT  NUHBFR 1 0  

P O I N T  F L U X E S  YERE W R I T T E h  CN R Z F L L X  U h I T  I 8  FOR ZONES(MON-ZERU) 1 0 

ELAPSED C P U  AND CLOCK MShLTES ARE 0 . 4 8 C  5.574 

AOJCtNT P R O K E H  FOLLOWS 
, 4 I N N E R S  M I N .  4 I k h F f i 5  M P X  - ChEBYChEV BETA OW 1NNERS 

S I G M A - I  DRDERING 
P R O C E O U R E r O ~ l ~ 2 ~ 3 . 4 - N O + ~ A L ~ C ~ E E Y S h E V ~ S E M € X ~ O E ~ E X ~ S E W E X F .  KCVR=O.l--YES.NO I N N E R 5  CUNVR. OCWR=Q.1-VES.NO DVTERS CONYD. 
I T E R  PROC KCVR OCVR FLUX CWACGE MU-BAR OTHER-WU SEW-INI A C C F L F R A T I U N  PARAMETERS 

I 0 0 0 7.61Qf2D 00 0.0 0.q - I r O 0 O C I C  0.0 9.0 
2 0 9 0 5.764720 0 C  3.63901 0.0 L .ooooo 1,00000 0 .0  
3 0 0 0 l.0277BO 'IO 0.69218 0.0 I .000oc 2.21865 O . d  
4 d '3 0 i.6385PD-01 0.38871 0.0 t .aooon 1.q1638 -3.52301 

6 0 0 0 3.613CZD-02 6.41340 0 . 0  1.00000 -2.04502 1.03992 
7 0 0 0 1.609@10-02 0.b5353 0 . 0  I .ooooo 
a o o o e.07b340-03 0.63415 0 . 0  1 .@0000 -7.53159 1.29499 
9 0 0 0 4.505450-03 0.67492 0 1 0  1.00000 2.47672 -0.22572 

i o  3 o o 4.056760-03 0.68541 0 . 0  1 .00000 2.74040 -0.42 1 4 5  

1 2  d 0 0 -9.712270-65 1.7$277 0 . 0  I .00c00 0.04169 0.0475P 
2.20927 0.01 133 13 0 0 0 -5.903280-05 0.68962 '3.0 1 .00000 

14 0 0 0 -3.691t3D-05 0.73916 0.0 I .00000 1.10210 1.00361 

5 0 0 3 9r138950-02 S.39200 0 . 3  I . O O O 0 0  0.63243 0.00476 

7.50225 -2.57043 

I I  0 0 @ -1-75Pf30-14 0.0 0.9 I .')OOOB 0.n 0 .n 

Y U L T X P t I C A T I O N  R E L I A B I L I T Y  F S T I M A T O R S  

UPPER AND LOWER BOUNDS E S T I M A T E S  @Y M A X  REL FLUX CMANGE------------ X *010fl366 1 .On99620 
UPPEH AND LUdER BOUNDS E S T I Y I T E S  CLTP A L L  S I C N I F I C A N T  POINTS-------  

NUMBER OF INNER I T E R A T I O N S .  OUTER I Y F R A T K O N  €RRUR EIGF%WALUE. AND DVCWCELAXATlOh C O E F F t C I E M T S  4 0.0 

B Y  THE SUM OF THF S W A R E S  CF 1 t E  PESLOUES-------------------------- I .PlO0OCl 

1.ntot039 1 . 0 0 ~ 6 ~ 6  

1.13159 1.25915 1.24929 1.34360 1.24422 

CPU AND CLOCK W ~ ~ U T E S  REOUIREG F C R  rnrs EIGENVALUE PROBLEM ARE 0 . 0 2 ' ~  n.na7 

A D J O I N T  FLUX ENERGY SPECTEUM 8 Y  6 R W P v  I TU M A X .  ISUWUEG OVER S P A C E )  
6.604360-68 5.267970-0E *r064?4D-D8 3.748160-08 4r58G32D-08 

A D J O I N T  FLUX SPACE F U N C T I C N  B Y  LChF C C ,  rG$EO P Y E R  ENERSVJ 
I.llOR50-q6 1~511470-@'! 3 - 9 8 E D B D - G '  C1E28%1v- f18  2.835960-08 1.550390-d8 3.485380-04 S.lb614D-09 



ZUNt 
I 

1 

1 

4 

5 

6 

7 

8 

G H P  

1 

3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
1 
4 
5 
1 
2 
3 
4 

I 
2 
3 
4 
5 
1 
7 

3 
4 
5 
1 
2 
1 
9 
5 
1 
2 
3 
4 
5 

5 I G A . 5  I G R .  D B . 1 7  
- 1 . 7 3 J 5 9 7 F  0 1  
- 5 . i 7 7 0 n 5 E  0 1  
-2.c55159E Ol 
- 5 2 6 1 8 1 2 F  C C  
- j . 7 m u h n ~ - 0  I 
-2.9IS669E-CL 
-1.901474E C o  

-5 .5338PqE-01 
-1.461 b44E-0  I 
- 2 - 5 7 ? 9 5 5 r - C 2  
- 1  eF64334F r?c 

-1 .933080E 1 c  
-5. C 9  1 @ Y I F  --P 1 
-3.742809E-CZ 
-3.14577OE-02 
-5.84467 7C-0 1 

- 4 . ~ 2 3 7 . 5 r c  c c  

-7 .  I I G ~ B B E - ~ Z  
-1 - 9 0 1  30Ot -02  
- 3.959 0b I E -0 I? 
- 6 . 8 7 6 9 4 9 t - 0 3  
- 4 . 7 4 3 8 5 4 ~ - 0 2  
- I  . 7 3 2 8 9 7 ~ - r 2  
-4 .95H004E-C3 
-1.181 444E-?3 
-1.170603E-C3 
-0 .0650d0 i -O?  
-3 .065707 f -03  
-9 .  i 5090 8 € - - 4  
-2 .334696E-04  
- 5 . l 1 6 9 1  1E-02 
- 3 . 5 3 4 2 8 9 ~ - n  I 
- I .  21  3 1 7 4 F - c i  
- 3 - 1 6 7 6 d Y E - 0 2  
-6 .606486E-03  

- 3.1) 7 0 47 9E- 0 3 
-Y .?9590 lF -04  
-2.77741 I F - 3 4  
- 7  - 9 3 4 4 8 7 5 - 0 5  

- 3 . 1 7 5 a B 7 ~ - O I  

0.12 
-4.2FC484F 01 
-7.3EE72CE 01 
-1. t5C774F $1 

- ' . 7 9 t 3 ? 9 f - 0 1  
-7.264621 E-01 

-5 . l e5000E-O i  
-9 ,374175E-02 
-1.776?59E-@2 
-2.C51571E 00 
-6 .53 ihYSF 0" 

- 1 .e 129C2E 00 
-3 .264134 f -01  
-51035676E-C2 
-7 .01792 IE-07  
-2.6531 26E-0: 
-6 .655108F-02 
- I  -219445E-02  
- 2.7 3 ?69Y E-0 3 
- 1  .711445E-0? 
-6.873301 6-07 
- L  .6?191IE-C2 
-3.179Ht??E-C3 
- H .  i 561 27E-OU 
-2.916577E-03 
- I  .?17676E-02 
-2.869435E-03 

- 3.3891 3 9 ~  * e  

- 2 . 0 1 5 ~ 6 9 ~  01 

- 5 . e e e 9 1 1 ~ - 0 &  
- 1 . 6 1  176SE-04 
-1.Oe5399E-01 
-4.512740E-"1 - 7.5 1 2 d  C R  E -0 2 
- 1 . 2 5 2 5 5 2 E - l l 2  
- 2 . 5 5 6 1 5 1  € - 0 3  

-6 .73e694E-04 
-3.53C740E-03 
-5.756659E-04 
- i . o q e ~ 3 3 ~ - 0 4  
-1.721751E-05 

NU* SI G F  
I . 5 4 3 0 2 5 E  3 1  
5.92;536E 3 1  
?.741919€ I I  
7 . i94751E 735 
6 . 2 ? 6 3 1  7 5 - 9 1  
7.7L2569E-91 
1.717647E 10 
\.OC4754E 00 
3.7C431 2 E - 3 1  
5.574602E-02 
9 . 9 4 ~ 8 3 ~ ~ - 9 ?  
5 . 8 1 3 6 1 7 E  1- 
3.417H75E 90 
: .16484*€ 'IO 
i -783 :  7 i E - 9 1  
2.9C3'3 3P3E -1 2 
2.13Od74E-01 
I . 5 q 5 d 7 0 F - l i  
h .188696E-72 
1 .763.392E-92 
6 -  2 e 29 I 8 E  -'l3 
6 .230237E-92 
4 -768630E-32  
1.959505E-72 
3 . 5  85 390E-0 3 
: . r r 4 5 2 6 ~ - > 3  

8 . ~ 4 9 9 3 9 ~ - 9 3  
1 - 1 2 3 3 3 4 E - 5 2  

3.75 16  I 7E-0 3 
7 . 3 5 5 9 1 M - 7 4  
4.724521E-2? 
4 - 0 4 7 5  75E - 9 1 
2 .805556E-31  
1 - J U 0 2 Q l E - O i  

2.896739E-34 
4 . 0  705 3 2 E -  7 3 
3 . 3 3 i 4 4 1 E - 9 3  
1.7:d l39E-93 
4.134; 3BL -09 

3 . 9 8 6 7 5 9 ~ - 0 2  

U I F F .  C O E F .  
- I .  574R6HE-02 
- 4. i r m 9 6 E - n ?  
- :. 5 2  i z 6 7 E - n ~  
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5 I 6 .634637E-01  6.002142€-@2 1.911704E-01 I . ?58927E-02  3.925174E-03 8.969715E-04 3.343940€-"2 

I 2 1 . 4 1 6 7 0 5 ~  0 1  2 . 2 1 0 9 ~ 0 ~ - ~ 1  a . z 6 1 2 e s ~ - o i  2 . m 1 3 9 6 € - @ 2  4 . 7 7 8 9 6 9 ~ - 0 3  n . o 9 9 7 4 9 ~ - 0 4  3 . 7 5 7 7 5 4 ~ - 0 2  

2 2 5 .177905E 0 1  1.4C1474E C O  4.d20760E 00 1.844b27E-01 4.743854F-02 8.460050E-C3 3.534789E-11 

3 2 2 .396725f  0 1  8 .5F4061E-01  2.R31506E 00 1.261911F-31 3.625609F-02 6.669067E-03 2.2R0517E-n1 
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MATHEMATICAL FORMULATIONS 

Presented i n  t h i s  p a r t  of t h e  documentation of t h e  VENTURE code 

block are t h e  mathematical equat ions programmed along with background 

ma te r i a l  and c e r t a i n  d i sp lays  t o  convey t h e  n a t u r e  of  some of t h e  

formulat ions.  

used; t h e s e  tend t o  become more s o p h i s t i c a t e d  with development and as 

experience i n  a p p l i c a t i o n  grows. 

modi f ica t ions  cont inue t o  be made t o  extend t h e  c a p a b i l i t y .  The 

o r i g i n a t o r s  p l an  t o  upgrade the coverage of  t h e  programmed equat ions as 

appropr i a t e ;  o t h e r s  who in t roduce  changes are urged t o  do t h e  same t o  

keep t h e  use r s  f u l l y  informed about t h e  vers ion  of  t h e  code i n  l o c a l  u se ,  

and t o  n o t i f y  us of  t h e  changes they  have found t o  be d e s i r a b l e .  

Re la t ive ly  s imple approximations have gene ra l ly  been 

As with any of t h e  more a c t i v e  programs, 

.. .. 

END OF SECTION 
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Section 701: The Discrete-Energy Group Diffusion Equation 

.... - 

Presented he re  i s  t h e  b a s i c  equat ion which accounts f o r  t h e  var ious  

r e a c t i o n s  o f  neut rons  with material i n  a macroscopic sense ,  s c a t t e r i n g  

aild t h e  d i f f u s i o n  approximation t o  neutron t r a n s p o r t .  

an account ing o f  t h e  neut rons  i n  a system a t  one l o c a t i o n  and a t  one 

energy may be done i n  t h e  form 

Quite  gene ra l ly ,  

- Sources - Losses - N e t  Transport  Loss , 1 a N  
v a t  - - -  (701-1) 

aN where v i s  t h e  neutron v e l o c i t y ,  and - i s  t h e  t i m e  r a t e  of change of  

t h e  neutron d e n s i t y .  We are not  concerned he re  with t h e  dynamic problem, 

bu t  r a t h e r  with a s t e a d y - s t a t e  condi t ion  o r  s t a t i c  approximation t o  t h e  

neutron dens i ty .  For a s t e a d y - s t a t e  cond i t ion ,  i t  is  necessary t h a t  t h e  

r a t e  a t  which neutrons a r e  added i s  equal t o  t h e  r a t e  a t  which they  arc 

removed, l o c a l l y ,  and t h e r e f o r e  over t h e  whole system t r e a t e d .  A t  any 

l o c a t i o n  t h e r e  may be  genera t ion  of  neut rons  through t h e  f i s s i o n  process  

and o t h e r  sources  not  r e l a t e d  t o  neutron r e a c t i o n s ,  i n s c a t t e r i n g  t o  any 

energy from o t h e r  ene rg ie s ,  removal by absorp t ion  o r  o u t s c a t t e r i n g ,  and 

t r a n s p o r t  i n  and t r a n s p o r t  o u t .  

a t  

The neutron d e n s i t y  i n  an ope ra t ing  r e a c t o r  i s  a t  s teady  s ta te  on t h e  

average due t o  n a t u r a l  r c a c t i v i t y  compensation and c o n t r o l .  In  a l a r g e  

f r a c t i o n  of  t h e  neu t ron ic s  problems so lved ,  it i s  t h e  i n t e n t  t o  

approximate t h i s  condi t ion .  Any problem desc r ib ing  a geometry, nuc l ide  

concent ra t ions  and c r o s s  s e c t i o n s ,  may r eg resen t  a s i t u a t i o n  f a r  from a 

s t eady  s t a t e .  

s t e a d y - s t a t e  s o l u t i o n  only  approximates t h e  neutron d i s t r i b u t i o n .  

The neutron popula t ion  would a c t u a l l y  r i s e  o r  f a l l ,  and a 
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To e f f e c t  t h i s  s t e a d y - s t a t e  condi t ion ,  t h e  m u l t i p l i c a t i o n  f a c t o r  i s  

introduced.  The r a t e  a t  which source neutrons are generated from f i s s i o n  

i s  d iv ided  by the  mi i l t ip l ica t io i i  f a c t o r  causing t h e  l o s s  r a t e  t o  equal 

t h i s  ad jus t ed  source r a t e ,  a pseudo s t e a d y - s t a t e  condi t ion .  The 

m u l t i p l i c a t i o n  f a c t o r  i s  def ined  as 

k = neutron genera t ion  r a t e  
e neutron l o s s  ra te  (701-2)  

A c r i t i c a l  condi t ion  i s  one a t  s teady  s ta te  for which k i s  u n i t y .  The 

pseudo s t e a d y - s t a t e  equat ion with t h e  d i f f u s i o n  approximation t o  t r a n s p o r t  

f o r  t h e  neutron f l u x  a t  geometric l oca t ion  r and energy E using usual  

macroscopic nuc lear  p r o p e r t i e s  i s  expressed as 

e 

(701 - 3 )  

The continuous energy spectrcm i s  d iv ided  i n t o  d i s c r e t e  energy groups,  

and usua l ly  a s i m p l i f i c a t i o n  i s  made i n  t h e  t r a n s p o r t  term, 

Where 

a 2  a 2  a 2  
a x 2  a Y 2  a z 2  

V2 = t h e  Laplacian geometric ope ra to r ,  - + + 

s l a b  geometry, c m - 2 ,  

(701-4) 

in 

= t h e  neutron f l u x  a t  l oca t ion  r and i n  energy group g ,  
@ r , g  

n /sec-cn2 ,  
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... . 

. 

c = t h e  macroscopic c ros s  s e c t i o n  f o r  absorp t ion ,  normally 

weighted over  a r e p r e s e n t a t i v e  f l u x  energy spectrum, 
a , r , g  

- 1  
c m  , 

t h e  macroscopic c ros s  s e c t i o n  f o r  s c a t t e r i n g  o f  neutrons 

from energy group g t o  energy group n" (a s e t  of  t hese  

makes up a s c a t t e r i n g  k e r n e l ) ,  c m  , 

s , r ,g+n = c 

- 1  

D = t h e  d i f f u s i o n  c o e f f i c i e n t ,  normally one - th i rd  of  t h e  
r, g 

r e c i p r o c a l  o f  t h e  t r a n s p o r t  c ross  s e c t i o n ,  b cm, 

= t h e  buckl ing term t o  account f o r  t h e  e f f e c t  of t h e  B2 
18 

Laplacian ope ra to r  (leakage) i n  one o r  more orthogonal 

coord ina tes  no t  t reated explicitly, enw2, 

VC = t h e  macroscopic product ion c ros s  s e c t i o n  (V is t h e  
f , r , g  

number of neutrons produced by a f i s s i o n  and Cf i s  t h e  

cross s e c t i o n  f o r  f i s s i o n ) ,  c m  , - 1  

= t h e  d i s t r i b u t i o n  func t ion  f o r  source  neutrons (normally 
k g  

= 1.0 ,  but  provis ion  i s  made f o r  i t  n o t ) ,  1 
k = t h e  e f f e c t i v e  m u l t i p l i c a t i o n  f a c t o r ,  t h e  r a t i o  of t h e  

ra te  o f  product ion of  neutrons t o  t h e  r a t e  of l o s s  of  
e 

neutrons from a l l  causes ,  an unknown t o  be determined. 

Equation (701-4) i s  c a l l e d  t h e  usua l  neutron f l u x  eigenvalue problem i n  

t h i s  r e p o r t .  There i s  no p rov i s ion  i n  t h e  above express ion  f o r  f i x e d ,  

ex te rna l  sources .  The l e v e l  of  t h e  neutron f l u x  i s  n o t  def ined  by t h e  

equat ion above. I t  can be whatever t h e  i n v e s t i g a t o r  wants; however, 

t h e r e  i s  no account made of  temperature  e f f e c t s  a s soc ia t ed  with changes 

a 

bCoordinate-direct ion dependence i s  permi t ted  without e f f e c t  on t h e  

The in-group term g-tg i s  excluded from t h e  c a l c u l a t i o n .  

va lue  o f  D used f o r  t h e  buckl ing l o s s .  
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i n  t h e  power dens i ty  on t h e  nuc lea r  p r o p e r t i e s ,  so  t h e  equat ion i s  

appropr ia te  t o  t h e  ex ten t  t h a t  t h e  macroscopic p r o p e r t i e s  a r e  

rep  r c s en  t a L i ve . 
The m u l t i p l i c a t i o n  f a c t o r  i s  an extremely use fu l  measure o f  t h e  

degree a ca l cu la t ed  system dev ia t e s  from c r i t i c a l .  

tlie value of  (ke - l), t h e  f a s t e r  t h e  f l u x  l e v e l  would inc rease ;  t h e  

inorr nega t ive ,  t h e  f a s t e r  it would decrease .  The e f f ec t iveness  o f  

con t ro l  rods i s  d i r e c t l y  measured by the  decrease i n  k assoc ia t ed  with 

rod i n s e r t i o n .  

The more p o s i t i v e  

e 

The d i € f i c u l t y  a s soc ia t ed  with determining c r i t i c a l  condi t ions  and 

a s soc ia t ed  high cos t  of  computation t o  support  a n a l y s i s  e € f o r t  have 

d i r e c t l y  caused ex tens ive  a p p l i c a t i o n  of t h i s  usual  f l u x  eigenvalue 

formulat ion i n  a n a l y s i s  o f  r e a c t o r s .  I t  i s  important t o  recognize,  

however, t h a t  t h e  condi t ions  est imated f o r  a system which i s  not  c r i t i c a l  

only approximate t h e  r e a l  s i t u a t i o n  o f  r e a c t o r  ope ra t ion .  

A Simple P I  Treatment 
.....c__I__. 

A f i r s t  o rder  correction to d i f f u s i o n  theory is possible by a p p l i -  

c a t ion  of the c o n s i s t e n t  P i  equat ions.  These are  examined here f o r  the 

usua l  eigenvalue problem in t h e  form 

(701-5) 

where t h e  equat ions a r e  f o r  a po in t  i n  space and energy, t h e  i n t e g r a l s  run 

over t h e  energy range of i n t e r e s t ,  J i s  the  c u r r e n t ,  @ i s  t h e  s c a l a r  

f l u x ,  C," i s  t h e  i n s c a t t e r i n g  c ros s  s e c t i o n ,  and Is1 i s  i t s  f i r s t  

moment . 
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The diffusion theory approximation of the neutron current gives 

J = --DO@; (701-6: 

In one-dimension, ,J has only one direction component but the i -n t eg ra l  

over direction is required in general. For the one-dimensional case, 

Where changes i n  macroscopic  p r o p e r t i e s  have been ignored .  

approximation i s  

A common 

In a simple P1  form, the equations may be cast as 

(701-9) 1 1 
k 

-~ 3Ct v2$ + Ct@ = -X/vXf$dE1 t IC; $dE' - 2 /X: V.JdE' , 
3ct 

and the 17.5 term is given by 

1 
k f  t V - J  = -x/vC OdE' i /Esoi$dE1 - C @ . (70 1 - 10) 

In multigroup form the P1 equations chosen for implementation, with 

in-group corrections, are 

- D(n,r)  1 C: (Wn) V-JCm) 
mfn 

(7 01- 11) 
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where 

0 C ( n , r )  = C ( n , r )  - C (m -t n , r )  , r t S 

where t h e  argument r r e f e r s  t o  space and n and m t o  energy. 

We note  t h a t  i f  t h e  f i n i t e - d i f f e r e n c e  equat ions a r e  s m e d ,  t h e  

PI s c a t t e r i n g  term does not, cancel o u t ,  so  an o v e r a l l  neutron halaiice 

does not  r e s u l t .  This may r e s t r i c t  p r a c t i c a l  app l i ca t ion .  The apparent  

advantage o f  t he  scheme i s  t h a t  t h e  d i f fus ion  c o e f f i c i e n t  t o  be used 

i s  obtained d i r e c t l y  a t  each energy without r equ i r ing  some weighting on 

what happens a t  o the r  ene rg ie s .  

If one examines t h e  sphe r i ca l  harmonics equat ions f o r  P1  t runca t ion ,  

t h e r e  i s  one more f i r s t - o r d e r  equat ion than coord ina tes  t r e a t e d ;  f o r  

example, four  equat ions t r e a t  t h r e e  space coord ina tes .  A s  implemented, 

a simple equat ion f o r  t h e  n e t  cu r ren t  i s  used along with a second o rde r  

equat ion f o r  t h e  f l u x .  

only one coord ina te  i s  t r e a t e d .  That i s ,  t he  in-group c o r r e c t i o n  i s  the  

same rega rd le s s  of t h e  d i r e c t i o n  of  t h e  n e t  cu r ren t  a t  another  energy. 

In  f a c t ,  a n i s o t r o p i c  s c a t t e r i n g  a t  one energy has a d i r e c t  e f f e c t  on the 

angular  f l u x  a t  t h e  energy s c a t t e r e d  i n t o .  

accounted f o r  by applying a b e t t e r  formulat ion.  

programmed equat ions remains t o  be demonstrated.  

l'here i s  a p i e c e  of  information l o s t ,  even i f  

This e f f e c t  can only be 

The u t i l i t y  of  t h e  
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A remark is  i n  o rde r  about t h e  r e p r e s e n t a t i o n  of  boundary 

cond i t ions .  

usua l  d i f f u s i o n  theory  boundary cond i t ions .  

r o t a t i o n a l  symnietry condi t ions  r e q u i r e  no s p e c i a l  a t t e n t i o n :  

approxiniations are c o n s i s t e n t  with t h e  formulat ion f o r  i n t e r n a l  p o i n t s .  

The ex t r apo la t ed  o r  nonre turn  boundary condi t ion  may r e q u i r e  s p e c i a l  

a t t e n t i o n .  

r e l a t e d  t o  t h e  s c a l a r  f l u x  d e r i v a t i v e .  

o f  d i f f u s i o n  theory ,  t h e  r e p r e s e n t a t i o n  of  condi t ions  nea r  a con t ro l  rod 

should be t e s t e d  a g a i n s t  a h igher -order  t r a n s p o r t  approximation; a b e s t  

va lue  f o r  t h e  e x t r a p o l a t i o n  d i s t a n c e  must be e s t a b l i s h e d  by t e s t ,  artd 

t h i s  test  should be wi th  t h e  P I  formulat ion implemented, no t  r e g u l a r  

d i f f u s i o n  theory .  

theory ,  ex te rna l  boundaries should be loca ted  s u f f i c i e n t l y  remote from 

t h e  core  proper  t h a t  t h e  ac tua l  leakage which w i l l  be ca l cu la t ed  w i l l  

riot have milch effect  on t h e  f l u x  d i s t r i b u t i o n  i n  t h e  core .  The e s t ima te  

o f  s u r f a c e  leakage i s  probably n o t  e s p e c i a l l y  improved by t h e  programmed 

equat ions ;  r a t h e r ,  c a r e f u l  a t t e n t i o n  t o  what w i l l  r c s u l t  from t h e  

formulat ion may be necessary. 

The simple P I  approximation i s  programmed t o  use  only t h e  

Ref lec ted ,  pc r iod ic  and 

t h e  

The leakage of neutrons i n  t h i s  approximation i s  not  simply 

A s  i s  usua l  i n  t h e  a p p l i c a t i o n  

A s  i s  usua l  with t h e  a p p l i c a t i o n  of  d i f f u s i o n  

We look forward t o  l ea rn ing  about t h e  r e s u l t s  of experience wi th  

a p p l i c a t i o n  given s u f f i c i e n t  d e t a i l e d  information t o  permit  thorough 

assessment.  Meanwhile, a s u p e r i o r  t rea tment  i s  sought t o  br idge  t h e  gap 

between d i f f u s i o n  theory  and a more e x p l i c i t  r e p r e s e n t a t i o n  of t r a n s p o r t  

theory  which can be appl ied  a t  a reasonable  c o s t  of computation. 

END OF SECTION 
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Section 702: Finite Difference Representation of the 
Laplacian Operator 

The Laplacian ope ra to r  i s  t o  be represented  i n  a f i n i t e - d i f f e r e n c e  

form. F i r s t  , t h e  f i n i t e - d i f f e r e n c e  mesh w i l l  be  examined. The equat ions 

w i l l  be developed f o r  t h e  three-dimensional  s l a b ;  f o r  fewer dimensicm ~ 

t h e  ex ten t  i n  t h e  un t r ea t ed  or thogonal  d i r e c t i o n s  is. considered t o  be 

i r i f i n i t e  and cont r ihu t ior i s  from t h e s e  simply drop out  of t h e  ecjuati-ons. 

Consider a t r a v e r s e  i n  space d i r e c t i o n  r .  A region i s  t r ave r sed  

between r l  and r 2  boundaries o r  material i n t e r f a c e s .  Input  d a t a  

s p e c i f i e s  t h e  nuinber of  mesh p o i n t s  t o  be loca ted  between rp and r2 dnd 

t h e  spacing A = 1-2- rl ac ross  t h e  reg ion .  

Figure 702-1 p resen t s  a three-dimensional ske tch  showing t h e  f l u x  

l o c a t i o n  a t  mesh p o i n t  [i, j ,m) and thc:  surrounding s i x  f l u x  l o c a t i o n s ,  

n e a r e s t  neighbors .  

( i 9 j 9 m )  i s  (x - x 

of t h e  su r faces  o f  t h e  f i n i  t e - d i f f e r e n c e  clement.  

'The f i n i  t e - d i f f e r e n c e  volume about mesh p o i n t  

1 (yj  - ~ ~ - ~ ) ( z ~  - z m-l ) where t h e s e  are l o c a t i o n s  i i-1 

Neutron leakage from ( i 9 j  ,in) t o  ( i ,  j , m - l ) ?  L ( Z ~ - ~ )  , through t h e  

) i s  approximated as follows. f r o n t  f a c e  of area (xi .- x i - l ) (y j  - 
Let AI equal t h e  unknown f l u x  a t  t h c  i n t e r f a c e .  Leakage ou t  i s  given 

by approximating t h e  f l u x  s lope  a t  t h e  s u r f a c e  b y  t h e  average wi th in  

Yj -1 

t h e  element (between t h e  c e n t r a l  p o i n t  and t h e  s u r f a c e ) ,  

... .. . 
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Y 

F i g .  702-1. The Seven-Point F i n i t e  Difference Mesh. 
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where I). i s  t h e  d i f f u s i o n  cons tan t  a t  ( i , j , m ) .  S i m i l a r l y  f o r  inward 
l , j  , m  

leakage from t h e  ad jacent  f i n i t e  element,  

El iminat ing A1 from t h e  equat ions  g ives  

Since t h e  term which m u l t i p l i e s  t h e  f l u x  d i f f e r e n c e  i s  simply some 

cons t an t ,  E q .  702-1 reduces t o  t h e  form 

3 -  I,(z ) = c - m- 1 i ,  j ,m,m-l [ ' i9 j ,m 'i, j ,m-1 
( 7 0 2 - 2 )  

I t  may be noted t h a t  w i th in  a reg ion  having uniform nuc lea r  p r o p e r t i e s  

and uniform mesh spac ing ,  

Provis ion  i s  incorpora ted  f o r  t h e  d i f f u s i o n  cons tan t  D t o  depend on 

coord ina te  d i r e c t i o n ;  va lue  o f  D simply depends on t h e  p a r t i c u l a r  

coord ina te  t r e a t e d  and t h e  ass igned  t r a n s p o r t  cross s e c t i o n .  

The leakage from t h e  whole element i s  given by 
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c .  I , j , m , j + l  ‘p i , j+ l ,m  .- ‘ i , j ,m , j - I  @ i , j - l , j  ( 7 0 2 - 3)  

For a zero g rad ien t  boundary condi t ion ,  t h e  a s soc ia t ed  C .  . 

cons tan t  i s  s e t  t o  zero.  

I ,j , m , m - 1  

F o r  an ex t r apo la t ed  boundary condi t ion ,  ex te rna l  o r  i i i t c rna l  black 

boundary, t h e  f l u x  s lope  wi th in  t h e  f i n i t e - d i f f e r e n c e  element i s  extended. 

The boundary condi t ion  t o  be s a t i s f i e d  a t  t h e  element su r face  i s  

(702  -4)  

a where C i s  a s p e c i f i e d  coi ls tant .  
S 

Let Qi be t h e  i n t e r n a l  f l u x ,  Q S  be t h e  boundary f l u x ,  and A be t h e  

d i s t a n c e  t o  t h e  boundary from t h e  i n t z r n a l  p o i n t .  

A l i n e a r  approximation of t h e  f l u x  wi th in  the  element g ives  

a A d e f a u l t  value of  0.4692 i s  used f o r  Cs. 
values  which w i l l  reproduce the  leakage condi t ion  must come from 
appropr i a t e  neutron t r a n s p o r t  c a l c u l a t i o n s  f o r  a s p e c i f i c  s i t u a t i o n .  

a An approximation which may be use fu l  i s  Cs - 0.4492/  (1 - E + C) . 
There i s  a l s o  a co r rec t ion  f o r  a curved su r face ;  mul t ip ly  Cs b; 
something l i k e  (R+.5) / (R+l . )  f o r  a b l a c k  sphere t o  reduce i t  as R 
dec reases .  

S u i t a b l e  group-dependent 

c 
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o r  

Represent ing t h e  normal area by A t h e  boundary leakage from one n' 
f ace  o f  an element volume i s  given by 

(702-5) 

which g ives  t h e  r equ i r ed  cons tan t  f o r  Eq.(702-3). O f  course,  t h e  

ex te rna l  leakage i s  considered l o s t  from t h e  system, but  leakagc  i n t o  an 

i n t e r n a l  black absorber  i s  accounted f o r  as an absorp t ion  i n  t h e  reg ion .  

An a l t e r n a t i v e  formulat ion f o r  t h e  ex t r apo la t ed  boundary condi t ion  

i s  p o s s i b l e .  Consider E q .  (702-4). D i rec t  i n t e g r a t i o n  y i e l d s  

- Csx/D 
+ = e  9 (702 -6) 

and t h e  leakage cons tan t  i s  given by 

(702 - 7) 

'This assumes an exponent ia l  shape o f  t h e  f l u x  between t h e  i n t e r n a l  po in t  

and t h e  su r facc ,  r a t h e r  than l i n e a r .  We have t e s t e d  t h i s  formulat ion 

but  e l e c t e d  t o  use  Ey.(702-5)because of wide p r a c t i c e  i n  i n t e r p r e t i n g  

h ighe r  o rde r  t r a n s p o r t  theory  r e s u l t s .  

The r epea t ing  boundary cond i t ion  causes  f l u x  va lues  a t  opposite cnds 

o f  a row t o  be  coupled 50 t h a t  t h e  row i s  a c losed  loop.  

t i o n a l  symmetry, coupl ing i s  from t h e  r ight-hand edge column t o  the  

bottom edge row. S imi l a r ly ,  120' r o t a t i o n a l  synlrnetry i s  t r e a t e d  f o r  t h e  

For 90' r o t a -  
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t r i a n g u l a r  mesh problem. In a l l  such problems, t h e  appropr i a t e  phys ica l  

boundaries abut and t h e  ad jacent  po in t  f l u x  values  couple as  across  any 

i n t e r n a l  i n t e r f a c e .  For 180' r o t a t i o n a l  symmetry, t h e  r ight-hand edge 

column couples with i t s e l f  i -nverted.  

For c u r v i l i n e a r  geometr ies ,  t h e  su r face  a reas  of t h e  f i n i t e - d i f f e r e n c e  

element f aces  rriust be used which lead  t o  somewhat more involved equat ions 

than  above. The f i n i t e - d i f f e r e n c e  element i s  i l l u s t r a t e d  i n  Fig.  702-2 I 

For t h e  s p e c i a l  t reatment  of hexagonal and t r i a g o n a l  f i n i t e d i f f e r e n c e  

elements,  leakages ac ross  t h e  ind iv idua l  volume element faces  a r e  

formulated i n  t h e  same manner as f o r  s l a b  geometry. The three-dimensional 

problem i n  hexagonal geometry involves  e i g h t  n e a r e s t  neighbors ,  si.x on 

t h e  p lane  o f  t h e  hexagons. 

ne3res.t  neighbors ,  t h ree  on t h e  plane of  t h e  t r i a n g l e .  The hexagonal 

formulat ion i s  a high-order  approximation t o  t h e  s i t u a t i o n  (which may 

allow a r e l a t i v e l y  coarse  mesh). The t r i a n g u l a r  formulat ion i s  of  

low-order and somewhat l e s s  r e l i a b l e ,  e s p e c i a l l y  s i n c e  t h e  next  r i n g  of  

p o i n t s  beyond t h e  nea res t  neighbors are r e l a t i v e l v  close b u t  not 

considered.  

In t r i a n g u l a r  geometry t h e r e  a r e  f i v e  

The mesh-point layout  f o r  t h e  var ious  geometries t r e a t e d  i s  

ind ica t ed  i n  t h e  compact d i sp l ay  i n  Table 702-1 .  

The s p e c i a l  boundary condi t ions  considered a r e  shown i n  Fi-g . 702-3. 

These a r e  f o r  two-dimensional problems o r  on planes of  three-dimensional 

problems. Note t h a t  t h e  coord ina te  axes i n  t r i a n g u l a r  geometry are a t  

e i t h e r  120" o r  6 0 " .  Fig.  702-4 shows t h e  o r i e n t a t i o n s  f o r  t r i a n g u l a r  

geometry i n  d e t a i l ,  and F ig .  702-5 t h e  layout  f o r  hexagonal geometry. 
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NOTE: e is IN RADIANS; WHEN THE CIRCLE 
is CLOSED, e SPANS 2-rr RADIANS 

Figure 7O2-2. Cylindrical Fini te - l l i f  f erence E l e m e n t  



Table 702-1. Layout of  Mesh P o i n t s a  

C System S l a b  Cyl inder  Cyl inder  Sphere iiexagonalb Triagonal  

Reference 
x Y Z  

G some t r y  x-Y-z 

X 
S p e c i f i e d  r e g i o n  A 

dimensiom 
A 

Y 
AZ 

S p e c i f i e d  i n t e m a l  J , I  ,M 
mesh p o i n t s  X Y  = 

Volume o f  r e g i o n  A A A  
X Y  z 

R 

R 

r J 

Y 
Z 

x Y  

H-Z T-Z 

A 
X 

A 
X 

A Y = A x  4/ = A x  

Z *Z 

Jx' IY,MZ Jx' Ix'Mz 

A 

-0 
2 Z 3 x y  z 2 x y  z 2 v' A A A -  -{r$-r:} TA ( r & r f )  --(r2-r1) A A A - AZaO 471- 3 3 

%olume about each mesh p o i n t  = volume of  r e g i o n  + ntimber of i n t e r n a l  p o i n t s ;  mesh p o i n t  

bOn a p lane  t h e  V c o o r d i n a t e  i s  r o t a t e d  60" from t h e  X c o o r d i n a t e .  

'On a plane,  t h e  Y c o o r d i n a t e  i s  r o t a t e d  120"  from t h e  X c o o r d i n a t e  i n  one o p t i o n ,  60" i n  

l o c a t i o n s  are  a t  f i n i t e - d i f f e r e n c e  c e n t r o i d s .  

another  o p t i o n ,  o r  30"' o r  90" as s p e c i a l  cases (shown i n  Figuse 7 0 2 - 4 ) .  

I 
ia 
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S p e c i a l  boundary c o n d i t i o n s  are  keyed t o  t h e  r i g h t -  
hand o r  t h i r d  s i d e  indexed clockwise beginning  with 
t h e  l e f t  s i d e .  
upper  l e f t  hand corner i n  a l l  c a s e s .  

The c o o r d i n a t e  a x i s  i n t e r s e c t  a t  t h e  

\ / 
\ / 

/ 
Tr ia,n,yular, 12 0 7,' oor d ina t  e s T.r iangular , 60 Coord i n a t  e s 

F i g .  702-3. Special .  Soundary Condi t ions .  



0 R N L- D W G 74 -66 54 

R R 

300 T R I A N G ~ L A R  GEOMETRY" 
(REPEATING BOUNGARY COI\;D:TIO?\I CN 

OPPOSITE FACES NOT ALLOWED) 

60" TRIANGULAR GEOMETRY 
(TP,E KTGAL ?asi-riov OF THE 

HEXAGGNAL ASSEhlBLlES MAY B E  CkANGED-  
S t i O W k  IS ONE ~ 0 S S I B : L I T Y )  

X X 

I Y  

900 TRIANGULAR GEOMETRY a 
YPI 

i20° T R I A N G U L A R  GEOMETRY 

R = R O T A T I O ~ A L  S Y M M E T R Y  ABOGT n i s  PO,Y; ALLOWED 

% e i t h e r  30' nor 90' has been implemented; a super ior  formulation t o  mesh-centered 
d i f f e rence  i s  being implemented i n  another code. 

F i g .  702-4 .  Or i en ta t ion  f o r  Tr iangular  Geometry 

0 
N 
I 
F 
0 
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ORNL-DWG 69-5587A 

F i g u r e  702-5. The Layout of Hexagonal Geometry. 
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Accuracy 

I t  i s  wellbknown t h a t  t h e  f i n i t e - d i f f e r e n c e  approximation t o  t h e  

Laplac ian  o p e r a t o r  is a c c u r a t e  t o  t h e  o r d e r  o f  t h e  mcsh spaci-ng s q u a r e d .  

We r e c o g n i z e  t h a t  t h e  accuracy o f  t h e  mesh p o i n t s  c e n t e r e d  a p p r o x i m a t i o n i s  

s l i g h t l y  lower ,than t h a t  o b t a i n e d  with mesh p o i n t s  l o c a t e d  on material 

i n t e r f a c e s .  O f  c o u r s e  t h e y  are i d e n t i c a l  w i t h i n  a homogeneous medium 

with uniform s p a c i n g .  With mesh-centered p o i n t s ,  r e a c t i o n  r a t e s  are 

p r o p e r l y  l o c a t e d  ( r a t h e r  t h a n  smearing a b u - t t i n g  materials w i t h i n  t h e  

f i n i t e - d i f f e r e n c e  volume e l e m e n t ) ,  a g a i n  with t h i s  approximation;  t h i s  

makes such approximations as t h a t  o f  simp1.e P I  more r e a l i s t i c .  

S t i l l  t h e  a n a l y s t  wants t o  know how a c c u r a t e  are i n t e g r a l  q u a n t i t i e s  

(k)  as  w e l l  as estimates o f  l o c a l  p r o p e r t i e s  (power d e n s i t y ) .  We b e l i e v e  

t h a t  e x p e r i e n c e  i s  t h e  b e s t  guide h e r e .  I t  i s  p o s s i b l e  t o  i n c r e a s e  the 

nunher of  mesh p o i n t s  and sol.ve t h e  new fine-mesh problem, which normally 

improves t h e  estimate o f  both i n t e g r a l  and l o c a l  q u a n t i t i e s ,  b u t  n o t  

n e c e s s a r i l y .  Care must be t a k e n  i n  a l l o c a t i o n  o f  mesh p o i n t s  and i n  

s e l e c t i n g  an energy group s t r u c t u r e  t o  g e t  t h e  b e s t  r e s u l t s .  Genera l ly  

i t  i s  d e s i r a b l e  t o  i n c r e a s e  t h e  riumber o f  poi.nts i n  each d i r e c t i o n  (not  

j u s t  i n  o n e ) ,  and w i t h i n  each zone o f  uniform composi t ion.  About t h e  

same mean f r e e  neut ron  pa th  l e n g t h  between a d j a c e n t  p o i n t s  is  d e s i r a b l e  

i n  al.1 d i r e c t i o n s ;  t h e r e f o r e  i n c r e a s i n g  of  t h e  number of  mesh p o i n t s  

should  be done wath t h i s  o b j e c t i v e  - d e c r e a s i n g  l a r g e  s t e p s  i n  t h e  

s p a c i n g .  

Regarding l o c a l  p r o p e r t i e s ,  i t  i s  a f a l l a c y  t o  b e l i e v e  t h a t  u s e  of a 

very  small f i n i t e - d i f f e r e n c e  volume a t  one l o c a t i o n  will cause  t h e  estimate of 

l o c a l  p r o p e r t i e s  t o h a v e a l i i g h  accuracy .  

changes i n  mesh s p a c i n g .  Fur . ther ,  t h e  i n t e r p r e t a t i o n  o f  l o c a l  q u a n t i t i e s  

should  be o f  mesh-average p r o p e r t i e s  r a t h e r  than l o c a l  a t  t h e  a c t u a l  

mesh p o i n t  s i t e .  

Werecommend a g a i n s t  use  o f  l a r g e  
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F in i t e -Di f f e rence  Approximation Error  

The s o l u t i o n  obta ined  by a p p l i c a t i o n  of  a f i n i t e - d i f f e r e n c e  

formulat ion i s  no t  p r e c i s e ;  an e r r o r  i s  a s soc ia t ed  wi th  t h e  approxirna- 

t i o n .  I t  ‘This e r r o r  may be l a r g e r  than  a casua l  u s e r  may a n t i c i p a t e .  

i s  more s e r i o u s  regard ing  c e r t a i n  s p e c i f i c  r e s u l t s  than  o t h e r s ,  and has  a 

dependence on t h e  a c t u a l  problem not  r e a d i l y  p r e d i c t e d .  

Some information i s  a v a i l a b l e  from simple problems f o r  which 

e x p l i c i t  s o l u t i o n s  a r e  a v a i l a b l e .  

homogeneous cube i n  t h r e e  dimensions,  h a l f - l e n g t h  L .  

f i n i t e - d i f f e r e n c e  s o l u t i o n s  f o r  t h e  f l u x  are sepa rab le  i n  space,  t h e  

Consider t h e  one-group ba re  

?‘he p r e c i s e  and 

p r e c i s e  s o l u t i o n  being @(x,y,z) COS ( n x / 2 ~ )  cos ( T T Y / ~ L )  cos ( T Z / ~ L )  with  

r e f l e c t i o n  a t  t h e  s t a r t  of each coord ina te  and zero f l u x  a t  t h e  extreme. 

Normalizing t h e  f l u x  such t h a t  i t s  volume i n t e g r a l  i s  u n i t y ,  

+ (x ,y , z )  = [k) cos [s) cos [z] cos [SI. 

The leakage r a t e  a t  one s u r f a c e  i s ,  t y p i c a l l y ,  

and 

conta in ing  t h e  familiar buckl ing term, Be = 3 ( ~ r / 2 L ) ~ .  
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The resu l t  for a finite-difference formulation depends on the 

Generally, location of  the mesh points. 

f k = 
Y 

C + D B 2  
a n 

n 

and 

where the numerator is a surface integral of  the normal derivative. 

the situation here, assume the same representation along each coordinate, 

For 

Consider mesh-centered points. Given N internal points along each 

coordinate space L / N ,  the end points located L/2N from boundaries, the 

solution is 

The surface leakage at x = L is estimated by assuming zero flux at x = L ,  
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= A - COS - (2N - 1) [ :N 
= cos (51 cos + s i n  s i n  } 

The i n t e g r a t e d  f l u x  i s  obtained as t h e  sum 

costm rir (2j - 1)  

= A[&]- fTr I 

s i n  [~NJ 

2 . .  

Note tha t  f o r  l a r g e  N ,  s i n  ( ~ r / 4 N )  -+ n/4N, B2 -+ 3 ( 7 ~ / 2 L ) ~ ,  t h e  p r e c i s e  

r e su l t  

CcI 

~ ...... ~ . . . . . . . . . . . . . . . . . . . . . . 
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?‘he more g e n e r a l  s o l u t i o n  f o r  a d i f f e r e n t  number o f  mesh p o i n t s  

a long  each c o o r d i n a t e  f o l l o w s  d i r e c t l y ,  

Comparing t h e  f i n i t e - d i f f e r e n c e  s o l u t i o n  t o  t h e  p r e c i s e  one,  t h e  

express;-ons f o r  t h e  f l u x  a r e  i d e n t i c a l  except  f o r  nori i ia l izat ion I 

a s p e c t  1 i m i . t ~  t h e  g e n e r a l i t y  of  t h i s  assessment .  

T h i s  

The e r r o r  a s s o c i a t e d  w i t h  any p o i n t  f l u x  v a l u e  i s  g iven  by comparing 

normalized r e s u l t s .  Normalizing t o  t h e  same l o s s  r a t e ,  a b s o r p t i o n  p l u s  

leakage,  yi .e lds  

and t h e  r i g h t - h a n d  s i d e  i s  e a s i l y  o b t a i n e d  by t h e  product  o f  averages  

a long  each c o o r d i n a t e .  T h i s  l e a d s  t o  t h e  r e l a t i v e  e r r o r  
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Thus t he  e r r o r  i n  a p o i n t  f l u x  value depends on t h e  problem, and i t  

depends on t h e  mesh, each coord ina te  making an independent con t r ibu t ion .  

Except f o r  a small number of p o i n t s ,  t h e  e r r o r  decreases  as t h e  s u m  of 

t h e  r e c i p r o c a l s  of t h e  squares  o f  t h e  nunibers of mesh p o i n t s  along each 

coord ina te .  

would be expected t o  reduce t h e  e r r o r  by a f a c t o r  of  4. 

Doubling t h e  number o f  p o i n t s  along each of the coord ina tes  

Consider t h e  e r r o r  i n  an i n t e g r a l  q u a n t i t y ,  namely t h e  m u l t i p l i c a t i o n  

f a c t o r .  Since 

the e r r o r  j.s given by 

r [ B t  D - B2 
N , J , I  

k ~ , ~ , ~ -  ke - - -- a r. 

a similar dependence to that obtai .ned above f o r  the  f l u x  e r r o r .  

The Leakage Operator Er ror  

Consider t h e  f i n i t e - d i f f e r e n c e  approximation t o  t h e  leakage 

ope ra to r .  If the  f l u x  and d e r i v a t i v e s  were known a t  a p o i n t ,  t h e  f l u x  a t  a 

neighboring po in t  i s  given by a Taylor expansion as 
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+ ~ * ~  f . . . ,  

24 ax4 l o  
0 

where A i s  t h e  mesh s p a c i n g .  Summing t h e s e  gj.ves t h e  c e n t r a l  d i f f e r e n c e  

approxil; iation f o r  t h e  Laplace o p e r a t o r ,  

‘thus the e r r o r  froin dropping t h e  h i g h e r  t e r m s  i s  t o  t h e  o r d e r  of  t h e  mesh 

s p a c i n g  s q u a r e d ,  so  the error is  expec ted  t o  v a r y  i n v e r s e l y  a s  t h e  s q u a r e  

of the  number o f  mesh p o i n t s .  T h i s  d i f f e r e n c e  e r r o r  i s  s t r i c t 1 . y  t r u e  

o n l y  for mesh-edge p o i n t  l o c a t i o n ,  and o n l y  w i t h  adequate  p o i n t s  t o  make 

t h e  h i g h e r  o r d e r  t e r m s  i n s i g n i f i c a n c e ;  however, a s i m i l a r  dependence i s  

found from a p p l i c a t i o n  e x p e r i e n c e  g iven  enough mesh-centered p o i n t s .  

Another approach t o  e r r o r  es t imat i -on  i s  t h e  f o r m u l a t i o n  of  t h e  

n e u t r o n  b a l a n c e  f o r  a d i s c r e t e  e lement .  

s u r f a c e  leakage  i s  a c c u r a t e  t o  t h e  o r d e r  of  t h e  mesh s p a c i n g  and t h e  

The u s e  o f  1 [ $  - $i-l] for t h e  i - 
n 

r e l a t i v e  e r r o r  i n  t h e  b a l a n c e  p r o p o r t i o n a l  t o  t h e  mesh s p a c i n g  squared .  

App! i ea t i o n  .. 

Consi-der t h a t  a c a l c u l a t i o n  produced a r e s u l t  V I  wi.th a mesh of N1, 

J 1 ,  and 11 p o i n t s .  A second r e s u l t  is  o b t a i n e d  w i t h  112, J2, and 12 

p o i n t s .  We expec t  t h a t  
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where 

n n 

app l i cab le  t o  one, two o r  t h r e e  dimensions (drop terms no t  a p p l i c a b l e ) .  

These r e s u l t s  show t h a t  t h e  e r r o r s  i n  t h e  p o i n t  f l u x  value-  s and i n  

t h e  m u l t i p l i c a t i o n  f a c t o r  a r e  i n v e r s e l y  p ropor t iona l  t o  t h e  square o f  

t h e  number o f  mesh p o i n t s  a long each coord ina te .  Given two s o l u t i o n s ,  

where V ( N )  i s  t h e  r e s u l t  with N mesh p o i n t s ,  V(-) i s  t h e  e x t r a p o l a t i o n  

t o  approximate t h e  r e s u l t  f o r  a continuum. Note t h a t  N and M are the 

number of p o i n t s  along one coord ina te ,  no t  t h e  t o t a l  p o i n t s .  

equat ions apply t o  one, two, o r  t h r e e  dimensional problems. 

'The 

Changes made l o c a l l y  o r  t o  less than a l l  coord ina tes  t r e a t e d  should 

not  be expected t o  produce r e l i a b l e  e x t r a p o l a t i o n  and e r r o r  assessment,  

nor  i s  e r r o r  assessment of a coarse  mesh r e s u l t  r e l i a b l e .  The 

r e l i a b i l i t y  o f  such e x t r a p o l a t i o n  i n  a p p l i c a t i o n  t o  t h e  general  m u l t i -  

group, complicated geometry problem i s  unknown. Ext rapola t ion  of 

i n t e g r a l  q u a n t i t i e s  should be more r e l i a b l e  than  of p o i n t  p r o p e r t i e s ;  

t h e  p o i n t s  may be a t  d i f f e ren t  l o c a t i o n s  and an extreme (such as t h e  

maximum power d e n s i t y )  may move from one l o c a t i o n  t o  another .  For 

r e l i a b l e  assessment,  it i s  recommended t h a t  a uniform inc rease  i n  mesh 

p o i n t s  be made along a l l  coord ina te  d i r c c t i o n s  i n  each zone. 
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A n  i l l u s t r a t i o n  o f  a p p l i c a t i o n  i s  g iven  h e r e .  E x p l i c i t  s o l u t i o n s  

are known f o r  b a r e  homogeneous problems.  The r e s u l t s  f rom e x t r a p o l a t i o n  

of answers f o r  s u c c e s s i v e  meshes are shown below f o r  a p a r t i c i i l a r  

seven-group t .hree-dimensional case: 

.~ - ~ 

Space Mesh (M) 

6 x 2 ~ 4  

1 2 x 4 ~ 8  

24 x 8 x 16 

48 x 16 x 3 2  

96 x 32 x 64 

144 x 48 x 96 

00 (coiit inuum) 

0.7400339 - 

0.7280397 4 

0.725O360 4 

0.7242847 4 

0.7240969 4 

0.7240621 2 . 2 5  

0.7240343 

- 

0 .  '7240416 

0.72110348 

0.7240343 

0.7240343 

0.7240343 

O f  c o u r s e  t h e  problems so lved  i n  a n a l y s i s  u s u a l l y  have geometr ic  and 

composi t ion c o m p l e x i t i e s :  an i n t e g r a l  q u a n t i t y  such as t h e  i n u l t i p l i c a t i o n  

f a c t o r  may b e  monotonic w i t h  i n c r e a s i n g  mesh o n l y  above some mesh s i ze ,  

and e x t r a p o l a t i o n  of  c o a r s e  r e s u l t s  i s  u n r e l i a b l e  due t o  h i g h e r  o r d e r  

e r r o r  contaminat ion .  

END OF SECTION 
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Sec t ion  704: Calculation of Macroscopic Cross Sec t ions ,  
Normalization and Edits 

This code is designed to use microscopic data for individual 

nuclides to take into account changes in the concentrations of the 

nuclides. It may be practical in some situations to use a pseudo 

nondepleting nuclide concentration of relative density and associated 

macroscopic cross sections. 

The basic equations used for calculation of macroscopic cross 

sections are s h o w  below. For subzone concentrations , the effective 

zone coriccntration of each nuclide is taken as the subzone concentration 

times the ratio of the subzone volume to the zone volume. It is  assumed 

that nuclide densities are in atoms/barn-cm and microscopic cross 

sections in barns in calculating reaction rates, depletion, and 

determining mass balances. 

Consider some zone within which each nuclide has a uniform, smeared 

concentration N. ‘The usual cross sections are calculated as fo l lows  w i t h  

indexes a-absorptjon, f-fission, tr-transport, s-scattering, and g and 

k-energy groups, z-zone, and n-nuclide. 

where 
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and 

s z  V 
N = M  

+ I: Mn,sz V- 3 n,z  n , z  z sz  2 

where. M 

f r a c t i o n ,  M 

i s  t h e  concent ra t ion  of nuc l ide  n i n  zone z ,  qz i s  t h e  volume 
n , z  

i s  a subzone concent ra t ion  and V sz  and V z are t h e  subzone 
n ,  sz  

and zone volumes r e spec t ive ly ;  

(704-1)  

For t h e  d i f  fusion-approximation c a l c u l a t i o n s ,  each C 

t o  avoid slowing t h e  rate of convergence of t h e  i t e r a t i v e  process .  

i s  set t o  zero 
s , %% 

The equat ions  used t o  determine r e a c t i o n  rates are as f o l l o w s .  The 

r e a c t o r  thermal pwoer l e v e l ,  P ,  is determined by 

(704-2)  

where X is  the  nuc l ide  thermal  energy watt-sec p e r  f i s s i o n ,  Y I1 i s  p e r  

cap tu re ,  C 1  i s  t h e  speci-f ied f r a c t i o n  u s e f u l  power, C2. i s  the  spec i f i ed  

f r a c t i o n  of t h e  co re  t r e a t e d  and t h e  f l u x  l e v e l  i s  ad jus ted  such t h a t  

t h e  ca l cu la t ed  P i s  t h a t  va lue  s p e c i f i e d  i n  w a t t s .  

are simply volunie weighted over zones a t  each energy, 

n 

The va lues  of 5 
g , z  

(7  04-3) 

where i r e f e r s  t o  a mesh poin t  (and i t s  a s soc ia t ed  elemental  volume). 
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Given t h e  microscopic type of  energy da ta ,  not group dependent, 

w = l ~ n , z  cxn 'f,n,g + yn Oc,n,g 1 9  (704-4) 
n gYz 

then  

(704-5) 

Z,hat is ,  t h e  normalizat ion of t h e  r e s u l t s  of a ca lcu la t ion  is  t o  a des i red  

power l eve l .  Point  f l u x  and zone average f l u x  values  are discussed above. 

Lacking energy da ta ,  X values  are set t o  3.2 x 10 watt-sec/Fiss.  

Edited results are based on t h e  flux l e v e l  required t o  s a t i s f y  the  desired 

power l eve l .  

-1  1 

n 

The l o c a l  power dens i ty  is given by 

(704 -6) 

where i is contained i n  z .  For t r ave r ses ,  the maximum value of R is  

found and values  along each of t h e  coordinate  d i r e c t i o n s  through t h f s  

point  are ed i t ed .  

i 

The l o c a l  neutron dens i ty  i s  given by 

where v is the  group neutron ve loc i ty  assoc ia ted  with poin t  i. 
g ¶ =  

(704-7) 

When an e d i t  of t he  "Primit ive F i s s i l e  Conversion Ratio" is found, 

it i s  the  r a t i o  of t h e  rate of capture  (n,y) i n  t h e  defined f e r t i l e  nu- 

c l i d e s  divided by the rate of absorpt ion in. t h e  def ined f i s s i l e  nuc l ides  

using volume i n t e g r a l s  of r eac t ion  rates summed over groups. It is 
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desirable to define such intermediate nuclides as Pa233 and N p 2 3 9  as fis- 

sile f o r  accounting purposes. 

E d i t s  of point values are f o r  the locations of the mesh points (volume 

element centered), not interpolations t o  material boundary intersections. 

END OF SECTION 



705-1 

Section 705: Types of Problems Solved 

The procedures implemented i n  t h e  VENTURE code block a r e  o r i e n t e d  

a t  r e s o l u t i o n  o f  any of a wide v a r i e t y  o f  b a s i c  problem types .  

are descr ibed  i n  t h i s  s e c t i o n  wi th  t h e  equat ions  c a s t  i n  mat r ix  form. We 

s ta r t  wi th  t h e  usua l  neutron f l u x  eigenvalue problem (see Eq.  701-2) .  

These 

The Usual Eigenvalue Problem 

The usua l  neutron f l u x  eigenvalue problem may be cast i n  t h e  form 

(705-1) 

where A i s  t h e  t r a n s p o r t ,  s c a t t e r i n g  coupl ing,  and l o s s  ope ra to r ;  F i s  

t h e  f i s s i o n  source ,  a row ope ra to r ;  x i s  t h e  source d i s t r i b u t i o n  €unct ion,  

a column ope ra to r  ; Cp i s  t h e  neutron f l u x  vec to r ;  and k i s  t h e  m u l t i p l i -  e 

c a t i o n  f a c t o r  t o  be determined which e f f e c t s  a pseudo s t eady  s t a t e  

condi t ion .  

a 

Ey. (705-1) h a s  t h e  s o l u t i o n  

(70.5-2) 

where A-‘ i s  t h e  inve r se  o f  A, R - ’ A  = I .  

it i s  no t  p r a c t i c a l  t o  i n v e r t  A .  Given n space-energy p o i n t s ,  A i s  an 

nxn square  mat r ix  conta in ing  n So an i t e r a t i v e  procedure i s  

used which t akes  advantage of  t he  sparseness  of  both A and F .  

For many problems of  i n t e r e s t  

2 e n t r i e s .  

E q .  (705-2) may a l s o  be expressed as 

(705 - 3 )  

a XF could be a mat r ix ,  no t  separable .  
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i n d i c a t i n g  t h a t  ke i s  an eigenvalue o f  A - l x F .  We hope t h a t  any f l u x  

eigenvalue problem t o  be t r e a t e d  has a unique, most p o s i t i v e  eigenvalue 

i n  t h e  se t  of a l l  of them, k = k l  > kZ > . . . . Thc requirements under 

which t h i s  i s  t h e  s i t ua t - ion  have been s tud ied . a ' b  

requi red  t h a t  each p o i n t  i n  t h e  space-energy system be coupled t o  every 

o t h e r  po in t  through t h e  coupl ing c o e f f i c i e n t s  ( i n  both A and x F ) .  

Fur ther ,  t h e  s o l u t i o n  vec to r  @ i s  uniquc and each component - > 0 ,  but  only 

if XF i s  a l l  p o s i t i v e  and the diagonal  terms of A dominate along columns; 

i t  i s  s u f f i c i e n t  t h a t  a l l  macroscopic c ros s  s e c t i o n s  be p o s i t i v e  given 

t h e  necessary  coupl ing,  bu t  no t  abso lu t e ly  necessary.  

e 

Phys ica l ly ,  it i s  

The Fixed Source Problem .._.._. 

The f i x e d  source problem i s  expressed as 

A Cp = XF @ +- S , (705-4) 

not  an eigenvalue problem. Occasional ly  F = 0 ,  as f o r  deep pene t r a t ion  

s h i e l d i n g  problems, e s p e c i a l l y  app l i cab le  t o  extending a s o l u t i o n  f o r  a 

fue led  reg ion  t o  a remote loca t ion  by an a u x i l i a r y  c a l c u l a t i o n .  In  

r e a c t o r  core  a n a l y s i s ,  f i x e d  source problems have been used mostly t o  

p l ay  computation games. However, t h e r e  are s p e c i a l  s i t u a t i o n s  which 

r e q u i r e  t h i s  formulat ion,  as f o r  a n a l y s i s  o f  t h e  s t a r t - u p  condi t ion  w i t h  

a source i n s e r t e d  i n  t h e  r e a c t o r .  

For usua l  s i t u a t i o n s  t h e r e  i s  a neutron d e n s i t y  d i s t r i b u t i o n  

a s soc ia t ed  with a f i x e d  source problem, arid t h e  l e v e l  of  t h i s  d e n s i t y  i s  

h igher  t h e  l a r g e r  t h e  magnitude of t h e  source.  A prime o b j e c t i v e  of a 

G .  Birkhoff and R .  S. Varga, 'IReactor C r i t i c a l i t y  and Nonnegative 
Matr ices ,"  _I.I- J .  SOC. Ind. App. Math .- 6 ,  p.  354 (1958). 

a 

bR.  F roehl ich ,  " P o s i t i v i t y  Theorems f o r  t h e  Discrete Form of t h e  
Multigroup Diffusion Equations, ' '  NSGE ._.___. 34 ,  p .  57 (1968). 
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fixed source calculation is to determine the neutron flux level 

associated with the source. 

When F is nonzero, there is a sensible solution to E q .  (705-4) only 

if the related problem 

is subcritical, ke < 1 ,  when S = 0. Otherwise; the flux level would keep 

increasing, even without the fixed source, and the usual procedures for 

resolving fixed source problems generally fail. 

The Ad-ioint Flux Problem 

The adjoint flux eigenvalue problem is expressed as 

where the superscript t refers to the transpose of  elements about the 

diagonal (interchange of  rows and columns). In  diffusion-theory 

representation, transposing A involves 

(1) no changes in the total removal (absorption + outscattering + D B 2 )  

terms on the diagonal, 

( 2 )  no change in the diffusion coupling due to symmetry about the 

diagonal, but 

(3) change in the group-to-group transfer or scattering terms, C ( g + n )  to 

C(n+g); inscattering no longer cancels removal if the equations are 

summed. 

Transposing XF causes the contributionto group g by the distribution 

function x ( g )  of neutrons produced in fission in group n from the 

reaction due to cross section vC (n), namely x(g)vCf(n),  for the usual f 
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problem, t o  be reversed  f o r  the  a d j o i n t  problem, namely vC (g)X(n) , o r  

F x , i f  (xF) i s  separable .  t t  

The eigenvalue o f  t h e  a d j o i n t  problem i s  t h e  same as t h a t  of  t h e  

r e g u l a r  problem, ke .  

t h e  r e g u l a r  problem i n  t h e  process  of s o l u t i o n  o f  the  a d j o i n t  problem 

T'nus i t  i s  common p r a c t i c e  t o  USC t h e  r e s u l t  from 

when they are t r e a t e d  i n  succession.  However, i t  sometimes i s  o f  more 

i n t e r e s t  t o  s o l v e  t h e  per turbed  a d j o i n t  problem f o r  more p r e c i s e  a n a l y s i s  

of  pe r tu rba t ions  when a spec i - f ic  pe r tu rba t ion  i s  of  i n t e r e s t .  In t h i s  

case  t h e  pe r tu rba t ion  changes k r equ i r ing  t h a t  i t  be determined as an 

unknown. 
e 

The a d j o i n t  f ixed source problem i s  o f  s p e c i a l  u t i l i t y  i n  a n a l y s i s  

o f  t h e  efEect  of  pe r tu rba t ions  t o  t h e  system on some s p e c i f i c  l oca l  

e f f e c t .  The problem t o  bc solved i s  

(705-6) 

and t h e  appropr i a t e  source ,  S* must be suppl ied  f o r  t h i s  a d j o i n t  problem. 

M i r ~ n  an a d j o i n t  prololem i s  of t h e  e i g e n v a l u e  t y p e  and d i i e c t l y  

fol lows a r e g u l a r  problem, i n  t h e  same code b l o c k  a c c e s s ,  t h e n  t h e  

r e s u l t  f o r  k from t h e  r e g u l a r  problem i s  iised.  It i s  t h u s  assumed t h a t  

these e i g e n v a l u e  problems are f o r  i:he same system. When an a d j o i n t  

e 

e i g e n v a l u e  problem i s  of t h e  e i g e n v a l u e  t y p e  and d i r e c t l y  foll.ow.; J 

r e g u l a r  problem i n  wliich a c r i t i c a l i t y  s e a r c h  w a s  done, i t  is aga in  

assumed t h a t  tiiese e i g e n v a l u e  problems are  f o r  t h e  s a m e  sys t em,  namely 

t h e  resuJ.t  of t h e  c r i t i c a l i t y  search. T h i s  i s  t r u e  even f o r  t h e  l / v  

s e a r c h  and t h e  l / v  h s s  t e r m s  are i n c l u d e d  i n  t h e  a d j o i n t  problem. 
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- ... .. 

When an adjoint problem is of the fixed source type, it is assumed 

to be for the system initially presented, except when a regular problem 

is run first and adjustments are made in nuclide concentrations or 

dimensions. 

An adjoint problem may be solved in an access to the code block 

without first solving a regular problem. 

eigenvalue problem, or a fixed source problem for which there may or may 

not be a transposed fission source. 

This problem may be an 

Criticality Searches 

The primary application of a code block designed to solve neutronics 

eigenvalue problems is analysis of reactor core conditions. To hold a 

reactor at a desired power level, it must be maintained at a near critical 

condition. Therefore, it is incumbent on analysis effort to determine 

representative conditions near this required state of operation. 'The 

type of problem to be solved has been named the " c r i t i c a l i t y  search"; 

adjustments are to be made in certain parameters of  the problem to 

establish a desired state of criticality. 

Establishing the positions of individual control rods represented 

discretely in a finite-difference mesh which satisfy the critical 

condition and minimize the peak power density is one of the most 

difficult problems formulated in reactor analysis. 

been solved by indirect methods when a fine scale f l u x  distribution is 

included in the requirements t o  be satisfied. 

T h i s  problem has only 

The criticality search problem may be expressed in a general 

formulation as 
.-. 

( 7 0 5 - 7 )  
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where k 

number o f t e n  u n i t y ,  and B i s  the search  ope ra to r .  This problem i s  t o  be 

solved given a s p e c i f i e d  way i n  which t h e  components of R a r e  t o  be 

changed t o  e f f e c t  t he  s o l u t i o n .  

i s  t h e  m u l t i p l i c a t i o n  f a c t o r  t o  be s a t i s f i e d ,  a s p e c i f i e d  e 

There may be c o n s t r a i n t s  on acceptab le  s o l u t i o n s ;  a mathematical 

s o l u t i o n  may not  have a r e a l i s t i c  phys ica l  i n t e r p r e t a t i o n .  A system 

conta in ing  no f i s s i le  ma te r i a l  cannot be made c r i t i c a l  un le s s  f i s s i l e  

material. i s  added t o  i t .  A mathematical s o l u t i o n  which involves  

nega t ive  nuc l ide  concent ra t ions  o r  ones which exceed phys ica l  l imita-  

t i o n s  i s  usua l ly  not  acceptab le .  

A unique s o l u t i o n  t o  t h e  genera l  search  problem i s  not  assured. 

There a r e  o f t en  two d i f f e r e n t  mixtures of  D 2 0  and 1-120 which w i l l  

s a t i s f y  c r i t i c a l  condi t ions  i n  a wide l a t t i c e  thermal r e a c t o r .  There 

a r e  o f t e n  t h r e e  d i f f e r e n t  concent ra t ions  of  t h e  same mixture of 

plutonium i so topes  which wi.11 s a t i s f y  c r i t i c a l  condi t ions  (mathemati.- 

c a l l y )  i n  a water-cooled co re .  The ana lys t  i s  o f t e n  seeking only  one 

of t h e s e  poss ib l e  s o l u t i o n s .  

a s soc ia t ed  with t h e  general  c r i t i c a l i t y  search  problem. The automated 

procedures seek a mathematical s o l u t i o n ,  t r y  t o  determine those  

s i t u a t i o n s  where such a s o l u t i o n  does not  e x i s t ,  and make key t e s t s  on 

a s o l u t i o n  t o  determine i f  it i s  r e a l i s t i c  i.n a phys ica l  sense,  and 

di-scont inue f u r t h e r  c a l c u l a t i o n  i f  i t  i s  n o t .  Quite  gene ra l ly ,  it i s  

assumed t h a t  t he  i - n i t i a l  s ta te  of  t h e  system i s  r e l a t i v e l y  c lose  t o  t h e  

des i r ed  s o l u t i o n .  When i t  i s  s o ,  many of t h e  d i f f i c u l t i e s  a r e  avoided. 

Beware the  r e s u l t s  when l a r g e  changes t o  t h e  i n i t i a l  condi t ions  were 

requi.red t o  e f f e c t  a s o l u t i o n .  

He i s  caut ioned about t h e  d i f f i . c u l t i e s  

The s o p h i s t i c a t i o n  of t h e  t rea tment  i n  a code such as VENTURE 

i nc reases  with development. Basic c a p a b i l i t y  programmed i n  t h e  code i s  
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d iscussed  he re  which inc ludes  ex tens ions  over  simple procedures .  

Consider t h a t  concent ra t ions  of  nuc l ides  have been ad jus t ed  i n  accordance 

t o  s p e c i f i c a t i o n s ,  bu t  t h e  problem s o l u t i o n  i s  found t o  be unacceptable .  

Let us  say  i t  took more of  t h e  descr ibed  f u e l  as makeup than  i s  

a v a i l a b l e .  

on a secondary f u e l  mixture i s  p o s s i b l e .  

may be s a t i s f i e d  and t h e  c a l c u l a t i o n  continued t o  apply a second type 

of  search ,  and then  a t h i r d ,  e tc .  

Adding t h e  a l l o t t e d  amount o f  t h i s  f u e l ,  and then  searching  

'Thus some l i m i t i n g  c o n s t r a i n t  

For t h e  b a s i c  c r i t i c a l i t y  search  problems t r e a t e d  i n  the VENTURE 

code, Eq .  (705-7) i s  recast in t h e  form 

1 1 
k (A ----XF) @ = A(- XP - Q)$ , 

e ke  
( 7 0 5 - 8 )  

where XP i s  t h e  neutron source ope ra to r  gene ra l ly  a s soc ia t ed  with search  

on f i s s i l e  nuc l ide  concent ra t ions ,  similar t o  but  o f t e n  more spa r se  than  

xF, Q is a diagonal  mat r ix  r ep resen t ing  l o s s  only ,  and X i s  thee igenva lue  

of t h e  search  problem t o  be determined. 

i t e ra tes  d i r e c t l y  toward a s o l u t i o n ,  

A procedure i s  a v a i l a b l e  which 

The Direc t  Buckling Search 

In E q .  (705-8), P = 0,  and Q con ta ins  t h e  con t r ibu t ions  from buckl ing 

l o s s  terms as s p e c i f i e d ,  D B t V .  The l o c a l  va lue  of t h e  d i f f u s i o n  

c o e f f i c i e n t  D i s  used,  t h e  l o c a l  volume V ,  and t h e  buckl ing B which may 

be energy group and p o s i t i o n  dependent. 

L 
'The va lue  of  A ,  an e igenvalue,  

i s  t o  be determined; i t  i s  a r e l a t i v e  magnitude o f  t h e  buckl ing.  That 

i s ,  a l l  t h e  va lues  o f  BI a r e  ad jus t ed  p ropor t iona l ly  ( A B l )  t o  e f f e c t  a 

s o l u t i o n .  As programmed, h - 1 i s  determined during t h e  i t e r a t i v e  

procedure,  t h a t  i s  t h e  change from t h e  i n i t i a l  problem d e s c r i p t i o n .  

~~~ .... ............... 
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The Di.rect Rec iproca l  ...... V e l o c i t y  ___.....____ Search ~ ~ . .  

For t h i s  problem, P = 0 ,  and o n l y  the diagonal  e lements  of  Q c o n t a i n  

t h e  product  of the r e c i p r o c a l  of t h e  v e l o c i t y  and t h e  l o c a l  voI.ume, l o s s  

terms. 'The e igenvalue  X i s  a m u l t i p l i e r  on t h e  r c c i p r o c a l  v e l o c i t y  s i n k  

term which e E f e c t s  a s o l u t i o n .  If X i s  n e g a t i v e ,  a d i s t r i b u t e d  s o u r c e  

has  been added t o  t h e  system. 

This  c a l c u l a t i o n  de te rmines  t h e  prompt mode time c o n s t a n t .  The 

dyi1ami.c n e u t r o n  b a l a n c e  i s  cons idered  i.n t h e  form 

- as 
a t  L_ a t  - '4 = sources - losses , (705-9) 

uhere  1: i s  t h e  neut ron  d e n s i t y  and v i s  t h e  n e u t r o n  v e l o c i t y .  The 

a s y i q t o t i c  n e u t r o n  f l u x  mode i s  formula ted  by assuming t h a t  

S u b s t i t u t i o n  of t h e s e  i n t o  E q .  (705-9)leads t o  t h e  form o f  E q .  (70.5-S), 

P = 0, w i t h  X i d e n t i f j e d  a s  a ,  a time c o n s t a n t  u s u a l l y  a s s o c i a t e d  wi th  

a prompt n e u t r o n  mode (no c o n t r i b u t i o n  from de layed  n e u t r o n s ) ,  and Q i s  

v . A s u i t a b l e  v a l u e  o f  k must bc s p e c i f i e d  arid t h e  r e s u l t s  p r o p e r l y  

i n t e r p r e t e d ,  bu t  coverage o f  t h e s e  impor tan t  d e t a i l s  i s  beyond t h e  scope 

of  t h i s  document. I t  i s  o f t e n  n e c e s s a r y  t o  s o l v e  a n o t h e r  problem f i r s t  

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

as by a d j u s t i n g  some o f  t h e  p a r a m e t e r s ,  o r  t o  e s t a b l i s h  t h e  v a l u e  of  

k, for t h e  system. 

- 1  

e 
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The Direct Nuclide Concentrat ion Search 

The d i r e c t  search  technique may o f t e n  be u s e f u l l y  appl ied  t o  

problems o f  determining nuc l ide  concent ra t ion  changes, thc  nuc l ide  

concent ra t ion  sea rch .  

l i t t l e  more c a l c u l a t i o n a l  e f f o r t  than  r equ i r ed  t o  so lve  t h e  corresponding 

iisual e igenvalue problem. I t  i s  assumed t h a t  t h e  nuc l ides  f o r  which 

Desired condi t iol is  may o f t e n  be s a t i s f i e d  with 

concent ra t ion  changes are t o  be made w i l l  riakc a primary cont rkbut ion  

t o  t h e  macroscopic absorp t ion  and product ion c r o s s  s e c t i o n s ,  and only  

secondar i ly  a f f e c t  t he  s c a t t e r i n g  and t r a n s p o r t  terms. 

i s  t o  heavy metals o r  con t ro l  absorber ,  no t  t o  moderator nor  r e f l e c t o r .  

Thus a p p l i c a t i o n  

The concent ra t ions  of c e r t a i n  nuc l ides  are t o  be changed i n  t h e  

system as necessary t o  s a t i s f y  a d e s i r e d  va lue  of k 

t i o n s  f o r  t h e s e  concent ra t ion  changes, a common m u l t i p l i e r  i s  des i r ed  

Given s p e c i f i c a -  e '  

such t h a t  a t  s o l u t i o n  t h e  a c t u a l  change made i n  t h e  concent ra t ion  o f  

nuc l ide  n a t  l o c a t i o n  r i s  given by 

(705- 10) 

where t h e  argument (0) r e f e r s  t o  t h e  i n i t i a l  s p e c i f i c a t i o n ,  and A i s  a 

comiion mul t ip l  i.er, an eigenvalue t o  be  determined. Consider t h e  

fol lowing which are e f f e c t i v e l y  macroscopic p r o p e r t i e s :  

a where sums a r e  over  t h e  search  nucli-des.  Given an i t e r a t e  estimate of  

a Account f o r  volume f r a c t i o n s ,  and f o r  volume r a t i o s  i n  t h e  case  o f  
subzone search ,  i s  not  shown. 
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t h e  neut ron  f l u x ,  an o v e r a l l  n e u t r o n  b a l a n c e  inay be formula ted  as 

where Pt i s  tlie summed neut ron  product i -on r a t e  f o r  t h e  system; At i s  t h e  

sununed l o s s  ra te ,  a b s o r p t i o n  and b u c k l i n g ,  f o r  t.he system; L i s  t h e  

s u r f a c e  leakage ,  and 

t 

Vr b e i n g  t h e  r e g  

group g .  

Solv ing  t h e  

1 
E " - - "  t - 

on volume, and 0 i s  r e g i o n  average  n e u t r o n  f l u x  i n  
r, g 

above e q u a t i o n  f o r  t h e  unknown e igenvalue  g i v e s  

(705-11) 
1 

s ke s 
4 - P 

Thus froiii an o v e r a l l  neut ron  b a l a n c e ,  an estimate i s  made o f  t h e  

eigenval.ue of  t h e  n u c l i d e  c o n c e n t r a t i o n  s e a r c h  problem. 

e s t i m a t e ,  the u s u a l  i t e r a t i v e  procedure  may b e  appl i -ed;  account  i s  t a k e n  

of  t h e  c o n t r i b u t i o n s  from t h e  s e a r c h  n u c l i d e s  u s i n g  t h e  macroscopic 

a b s o r p t i o n  and p r o d u c t i o n  c r o s s  sect i .ons a s s o c i a t e d  wi th  t h e  changes.  

With t h i s  

To account  for s m a l l  changes i n  t h e  s c a t t e r i n g  and t r a n s p o r t  p r o p e r t i e s ,  

the  n u c l i d e  Concent ra t ions  are updated a t  convenient  p o i n t s  i n  tlie i t e s a t i o n  

c y c l e ,  ( a f t e r  a s y m p t o t i c  e x t r a p o l a t i o n  or p r i o r  t o  restart o f  the 

Chebysheii a c c e l e r a t i o n  p r o c e s s ) ,  and the macroscopic  c r o s s  s e c t i o n s  and 

e q u a t i o n  c o n s t a n t s  are r e c a l c u l a t e d  a t  t h i s  p o i n t  i n  t h e  c a l c u l a t i o n .  
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-. ... . 

The I n d i r e c t  Search 

T h e  convent ional  way t h a t  t h e  nuc l ide  search  problem has been solved 

i s  by s o l u t i o n  of a s e r i e s  of  usua l  e igenvalue problems with e s t ima tes  of  

t h e  r equ i r ed  changes t o  t h e  search  nuc l ide  concent ra t ions  introduced 

a f t e r  each eigenvalue problem. 

solved ( f o r  ke)  f o r  t h e  condi t ions  presented .  

nuc l ide  concent ra t ions  according t o  u s e r  s p e c i f i c a t i o n s ,  and t h i s  new 

F i r s t  t h e  usua l  e igenvalue problem i s  

A change i s  made i n  t h e  

eigenvalue problem i s  solved.  Based on these  r e s u l t s ,  t h e  nuc l ide  

concent ra t ions  are f u r t h e r  ad jus t ed ,  and t h e  process  continued t o  an 

apparent  s o l u t i o n ,  sub jec t  t o  acceptance by t h e  a n a l y s t .  

The dimension search  problem i s  done i n  t h e  same manner. Changes 

are made i n  t h e  geometric mesh spacing t o  e f f e c t  a des i r ed  s o l u t i o n .  

END OF SECTION 

... 7.. 





716-1 

Section 716: The I t e r a t ion  Procedures 

- .... 

In t roduc t ion  

This s e c t i o n  documents t h e  i t e r a t i v e  procedures impleniented i n  t h e  

VENTURE code. 

he needs f o r  p r a c t i c a l  use  of t h e  code and t o  choose between the  

programmed op t ions  a v a i l a b l e ,  f o r  expcrimentat ion o r  s e l e c t i v e  

app l i ca t ion .  

An at tempt  i s  made t o  provide the  use r  with t h e  i n f o r m t i o n  

The procedures  of c a l c u l a t i o n  must be considered r a t h e r  complicatcd 

when viewed by t h e  ana lys t  wanting r e s u l t s  and not much concerned about 

how they  are obta ined .  

an important cons ide ra t ion ;  t h e r e  i s  incen t ive  t o  reduce the  cos t  by 

applying an e f f ecc ive  procedure.  

In  so lv ing  l a r g e  problems, computation cos t  i s  

The o v e r a l l  s t r a t e g y  involves :  

1 .  I n i t i a l j  za t ion  (see Sec t ion  718) ,  

2 .  Inner  i t e r a t i o n  with ove r re l axa t ion  t o  a c c e l e r a t e  t h e  fixed. 

source problcm a t  each energy, 

3 .  Outer i t e r a t i o n  with a c c e l e r a t i o n ,  

4. Convergence tests,  and 

5. R e l i a b i l i t y  checks (see Sec t ion  720) .  

The fol lowing d i scuss ion  addresses  t h e  ind iv idua l  procedures .  

In t roductory  material is  given f i rs t  t o  o r i e n t  t h e  r e a d e r .  

Inner i t e r a t i o n  involves  success ive  r e c a l c u l a t i o n  o f  t h e  f l u x  

va lues .  Given t h e  f i s s i o n  and i n s c a t t e r i n g  source,  t h e  coupl ing (neutron 

balance)  equat ions are solved by an ordered sweep through t h e  space mesh 

a t  onc energy. ‘This i s  expressed i n  mat r ix  form as 

a s e t  o f  coupled l i n e a r  equat ions  where @ r ep resen t s  t he  po in t  f l u x  t ,n 
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va lues  f o r  i nne r  i t e r a t i o n  t ,  ou te r  i t e r a t i o n  n ,  T and U are the operat-ors 

(coupling terms) and S r ep resen t s  t h e  po in t  source terms. Lates t  po in t  

values  o f  t h e  f luxes  a r e  used as they become a v a i l a b l e  and new va lues  

a r e  obta ined  f o r  a block of  p o i n t s  s imultaneously.  

values  a r e  dr iven  by ove r re l axa t ion  which involves  using t h e  changes i n  

the  po in t  f l u x  va lues  t o  d r i v e  t h e  f luxes  i n  t h e  d i r e c t i o n s  of indiviclual 

changes from t h e  previous i t e r a t e  va lues .  Thus, T above i s  apprec iab ly  

a l t e r e d  from j u s t  a simple coupling ope ra to r ;  i t  may depend on n and t .  

The number o f  iriner i t e r a t i o n s  c a r r i e d  out  on one space problem each 

o u t e r  i t e r a t i o n  i s  a key v a r i a b l e .  

n 

The newly ca l cu la t ed  

Outer i t e r a t i o n  on an eigenvalue problem iiiay be viewed as so lv ing  

t h e  matr ix  equat ion 

a s e t  o f  coupled equat ions where $n r ep resen t s  t h e  po in t  f l u x  va lues  f o r  

o u t e r  i t e r a t i o n  n ,  E i s  a space,  energy coupling ope ra to r ,  1; conta ins  

t h e  terms f o r  neutron product ion from f i s s i o n  and x i s  the  into-group 

d i s t r i b u t i o n  func t ion ,  and k i s  t h e  es t imate  o f  t h e  m u l t i p l i c a t i o n  

f a c t o r .  I t  i s  noted t h a t  i nne r  i t e r a t i o n  causes E t o  have a complicated 

form . 

n- 1 

Each o u t e r  i t e r a t i o n  t h e r e  i s  f u l l  sweep y i e ld ing  la tes t  e s t ima tes  

of  t h e  po in t  f l u x  values  @ 

problem, kn,  i s  obta ined .  

h ighes t  energy group f o r  usual  problems and proceeds downward, fol lowing 

t h e  primary d i r e c t i o n  of neutron s c a t t e r i n g .  For ad jo in t  problems, t h e  

sweep i s  reversed .  

and a new es t imate  of  t h e  eigenvalue of t h e  
11 ’ 

The c a l c u l a t i o n  s ta r t s  with t h e  f i r s t  o r  
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The same steps are carried out within each outer iteration. T h i s  

is necessary to permit effective acceleration of the outer iteration 

process. Two acceleration schemes are used, Chebyshev acceleration 

applied repeatedly and asymptotic extrapolation done only occasionally. 

The Chebyshev acceleration process involves acceleration each outer 

iteration of the calculated flux values given the iterate cstimates for 

the two previous outer iterations. The objective is to beat down the 

contributions from all the error vectors having eigenvalues over a 

specific range. Practical considerations include selection of the stage 

of the calculation to initiate the process, identifying the eigenvalue 

spectrum range, identifying when the procedure is not effective and 

when it can be expected to not be effective. 

Asymptotic single-error-mode extrapolation is based on the 

assumption that a single error vector dominates asymptotically, the 

others having decayed away. 

values are extrapolated to an apparent solution. 

double-error-mode extrapolation procedure is also implemented which uses 

three succeeding iterate sets of the flux values. Practical considera- 

tions include identifying when the iterative behavior indicates 

extrapolation will be effectivc and estimating suitable extrapolation 

factors. 

applied. 

Two of the outer iteration sets of  flux 

An asymptotic 

Extrapolation may be donc when the Chebyshev process is being 

The primary criteria selected to identify that an iterative process 

is convergent i s  decrease  i n  the maximum r e - l a t ive  f l u x  change w i t h  con- 

t inued  i t e r a t i o n .  This q u a n t i t y  i s  used i n  t h e  implemented procedure t o  

evaluate the behaviors of the inner iteration and the outer iteration 
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processes .  Also  t he  SUM of t h e  abso lu te  va lues  of t he  f l u x  changes 

r e l a t i v e  t o  t h a t  f o r  t h e  previous i t e r a t i - o n  i s  used on ou te r  i t e r a t i o n s .  

Remarks on Optimum S t ra t egy  I 

I f  t h e  optimum number of i nne r  i t e r a t i o n s  i s  very few, perhaps even 

one, a r e l a t i v e l y  s t r a igh t fo rward  and e f f e c t i v e  procedure can be 

i d e n t i f i e d  and appl ied .  I f  t h e  optimum number of inner  i t e r a t i o n s  i s  

l a r g e ,  a d i f f e r e n t  r e l a t i v e l y  s t r a igh t fo rward  and e f f e c t i v e  procedure can 

be i d e n t i f i e d .  

smooth t r a n s i t i o n  from one t o  t h e  o t h e r  which i s  needed when a modest 

number of  i nne r  i t e r a t i o n s  should be the optimum. Furthermore, an 

i n i t i a l  commitment t o  set  d a t a  handl ing procedures makes it very 

d i f f i c u l t  t o  s h i f t  t h e  s t r a t e g y  dur ing  the  c a l c u l a t i o n  as information 

becomes a v a i l a b l e  about t he  i t e r a t i v e  behavior .  Also,  f o r  a l imi t ed  

c l a s s  of  problems f o r  which modest convergence c r i t e r i a  would be 

adequate i n  a s p e c i f i c  a p p l i c a t i o n ,  a p a r t i c u l a r  procedure could be 

chosen which would not  be  adequate f o r  o t h e r  a p p l i c a t i o n s  nor  f o r  

genera t ing  benchmark q u a l i t y  solut ioirs  i n  a general  purpose code. 

The t&yC) procedures a r e  q u i t e  d i f f e r e n t  and t h e r e  i s  no 

The o b j e c t i v e  i s  e f f e c t i n g  an acceptab le  s o l u t i o n  t o  a problerri a t  

a minimum cos t  of computation t o  t h e  p r o j e c t .  Considering t h e  l a r g e  

number of v a r i a b l e s  involved,  p r e s e l e c t i o n  of an optimum s t r a t e g y  i s  

simply not  poss ib le .  The s u b j e c t  i s  addressed i n  Sect ion 717.  

The procedures implemented admi t  s e l e c t i o n  between a number of 

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

problem t o  be solved and this s t r a t e g y  undergoes modest changes a s  

information about t h e  i t e r a t i v e  behavior becomes ava i l ab le .  'The 

A s t r a t e g y  i s  sel-ected which depends on the  p a r t i c u l a r  
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automatic  s e l e c t i o n  of a s t r a t e g y  al lows a p p l i c a t i o n  with minimum burden 

t o  t h e  use r ;  however, i t  involves  compromises and can hard ly  be expected 

t o b e  a precise 

P r inc ipa l  a l t e r n a t i v e s  f o r  bas i c  s e l e c t i o n  between proceduz-cs a r e  under 

t h e  con t ro l  of user - input  op t ions .  

i t e r a t i v e  behavior  i s  p r e d i c t a b l e  from p a s t  experience,  input  con t ro l  i s  

a v a i l a b l e  and exe rc i s ing  t h i s  con t ro l  i s  d e s i r a b l e .  However, a no te  o f  

cau t ion  i s  i n  order .  

a c t u a l  procedures implemented i s  a v a i l a b l e  t o  t h e  au thors ;  i t  t akes  

time t o  accumulate experience.  

bu t  y e t  d i f f e r e n t  i n  d e t a i l ,  may not  be app l i cab le  nor t rus twor thy .  

Fu r the r ,  t h e  overhcad of handl ing t h e  l a r g e  amount of d a t a  f o r  t h e  l a r g e r  

problems and a s soc ia t ed  p e n a l t y m u s t b e  considercd i n  applying t h e  

procedures o r  a t tempt ing  t o  modify them. 

optimum i n  any given s i t u a t i o n  f o r  a p a r t i c u l a r  problem. 

For those  problems f o r  which t h e  

Only a l imi t ed  background of  experience with t h e  

Past experience with similar procedures 

Before d i scuss ing  t h e  d e t a i l s  o f  t h e  procedures ,  an overview o f  t h e  

i t e r a t i o n  s t r a t e g y  i s  presented .  

An - Overview o f  t h e  I t e r a t i o n  S t r a t egy  

The general  procedure o f  s o l u t i o n  employed i s  one o f  i t e r a t i o n .  For 

t h e  usual  e igenvalue problem, t h e  equat ion t o  be solved i s  

With s p e c i a l  p a r t i t i o n i n g  of t h e  matri.x A, 

1 
[ D - J - L - U ]  $ =  - k S + T + -xF]$ , 

e 

(716-1) 

(716-2) 
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where 

D = t h e  main diagonal  term (loss due t o  absorp t ion ,  buckl ing,  

o u t s c a t t e r )  , 

J conta ins  the  coupling terms f o r  a block of p o i n t s  (as  along a 

row i n  space a t  one energy) f o r  which t h e  f l u x  valu- 0s a r e  

determined siinultaneously p r e c i s e l y  given t h e  cu r ren t  values  

of  t h e  o t h e r  f luxey ,  

L = t h e  lower t r i a n g u l a r  matri x conta in ing  coupling terms i n  

space,  

U = t h e  upper t r i a n g u l a r  mat r ix  conta in ing  coupljng terms i n  space 

(excluding any appearing i n  J )  

S = t he  downscat ter ing source mat r ix  (group-Po-group s c a t t e r i n g  

terms a t  a p o i n t )  

T = t h e  upsca t t e r ing  source m a t r i x  (group-to-group s c a t t e r i n g  

terms a t  a po in t )  , 

F = t he  f i s s i o n  source component (Irom a l l  groups a t  a space 

p o i n t  con t r ibu t ing  t o  t h e  t o t a l  a t  t h a t  p o i n t ,  a row mat r ix  

opera tor )  , 

x = t h e  source d i s t r i b u t i o n  (from t h e  t o t a l  t o  each group a t  a 

p o i n t ,  a column matr ix  o p e r a t o r ) ,  and 

k = t h e  unknown m u l t i p l i c a t i o n  f a c t o r ,  a cons tan t  f o r  any problem e 
t o  be determined. 

To i l l u s t r a t e  how an i t e r a t i v e  procedure i s  formulated,  l e t  us  pu t  

t h e  term D@ on one s i d e  of t h e  equat ion ,  E q .  (716-2), and t h e  remaining 

on t h e  o t h e r ,  g iv ing  
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If a set of fluxes is available for iterate n, namely $*, then a 

simple iterative scheme i s  expressed as 

(716 - 3 )  

where the inverse D- 

An estimate of k 

may proceed. 

is of a diagonal, the reciprocals of terms in D. 

is required, kn,  and a continuing iterative process 

The above with all positive entries and 'n > 0 produces 

e 

> 0; only with $ > 0 can a unique and most positive value of k be %+ 1 

assured. Ey. (716-3) does not even admit the use of newly calculated 

$ values, so it represents a rather crude procedure. 

With downward sweep in energy and simple sweeps carrying the 

simultaneous solution for rows across the space problem, use of newly 

calculated fluxcs causes them to contribute through the matrices J, L, 

and S ,  o r  

= [ D - - J - L - S S ]  -1 [U+T+i;-xF] 1 o n .  'n+ 1 (716-4) 

The inverse shown would generally be impractical to obtain. 

needed, however, but rather is a consequence of the process and the 

partitioning of the coupling terms. 

It is not 

Overrelaxation is used as discussed later in detail. The basic 

equation is 

* x = x  i,n-1 + '(xi,, - x  i,n-l 1 9  i , n  (716-5) 

... 

where Xi,n-l is a component of (I obtained from iteration n-1, Xi,n n-1 
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i s  t h e  newly c a l c u l a t e d  v a l u e  f o r  i t e r a t i v e  sweep n ,  r3 is  t h e  

o v e r r e l a x a t i o n  f a c t o r ,  and X .  i s  t h e  o v e r r e l a x e d  v a l u e  used t h e r e a f t e r  

f o r  t h i s  swecp o f  t h e  e q u a t i o n s .  Note t h a t  6 = 1 causes  t h e  newly 

c a l c u l a t e d  v a l u e  t o  be used;  o v e r r e l a x a t i o n  is done f o r  1 < (3 2 .  A 

f i x e d  v a l u e  of  B may be used ,  o r  a d i f f c r e n t  o v e r r e l a x a t i o n  c o e f f i c i e n t  

may be used f o r  t h e  space  problem a t  each energy.  Also,  t h e  v a l u e  o f  

used may be i t e r a t i o n  dependent .  'This f l e x i b i l i t y  i s  shown i n  t h e  

e q u a t i o n s  by r e p r e s e n t i n g  t h e  o v e r r e l a x a t i o n  p r o c e s s  with a m a t r i x  B n 

c o n t a i n i n g  o n l y  t h e  v a l u e s  of  B on t h e  main d i a g o n a l ,  t h e  s u b s c r i p t  n 

i n d i c a t i n g  t h e  v a l u e s  may be changed d u r i n g  t h e  i t e r a t i v e  h i s t o r y .  

O v c r r e l a x a t i o n  changes Eq a (716 -4 )  t o  

1 , n  

'nt 1 = {D - B n [J + L + S]}-'{(I - Rn)D j. B n E J  + T $- 

I n n e r  i t e r a t i o n  may be done. For  many t y p e s  of problems, a d d i t i o n a l  

c a l c u l a t i o n a l  e f f o r t  shows advantage t o  reduce  t h e  e r r o r  a s s o c i a t e d  wi th  

t h e  s p a c e  problem a t  each energy .  Thus, s e v e r a l  sweeps may be made of  

t h e  s p a c e  problem a t  each energy .  Cons ider ing  a f i x e d  number o f  i n n e r  

i t e r a t i o n s ,  Eq. (716-6) becomes 

where 

X = D - B [ J + L ) ,  n n 

I1 n n Y := ( I - B ) D + B U ,  

and t refers t o  t h e  number o f  i n n e r  i t e r a t i o n s .  E q .  (716-7) would have 

t o  be a l t e r e d  i f  e i t h e r  t h e  number o f  i n n e r  i t e r a t i o n s  i s  d i f f e r e n t  f o r  

t h e  s p a c e  problems a t  each energy o r  i f  Bn i s  v a r i e d  d u r i n g  i n n e r  

i t e r a t i o n .  
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Equation (716-7) a l s o  a p p l i e s  t o  t h e  d i r e c t  search  problem with 

rearrangement of t h e  terms and inc lus ion  of t h e  e s t ima te  of  t h e  

eigenvalue of  t h e  search  problem. Acce lera t ion  on o u t e r  i t e r a t i o n  adds 

f u r t h e r  complexity no t  shown. 

Regarding Rebalancing 

We a r e  well aware of  t h e  f a c t  t h a t  one of  t h e  p o s s i b l e  rebalancing 

schemes can be used t o  a c c e l e r a t e  t h e  r a t e  of convergence of  a s p e c i f i c  

c l a s s  of  problems. 

code. We f i n d  t h a t  i n  genera l  f o r  t h e  class of problems of primary 

Indeed some experimenting has been done with this  

i n t e r e s t ,  t h e  c o s t  of  e f f e c t i v e  reba lanc ing  c a l c u l a t i o n s  can n o t  be 

j u s t i f i e d ,  e s p e c i a l l y  f o r  t h e  problems which are too  b ig  f o r  t he  space 

problem a t  one group t o  be s t o r e d  i n  memory, problems t y p i c a l  o f  

cu r ren t  a p p l i c a t i o n .  We h a d h o p e d t h a t  it would be p o s s i b l e  t o  suppress 

t h e  con t r ibu t ion  from t h e  doniinant e r r o r  vec to r  with simple and 

in f r equen t  reba lanc ing ,  but  have not  found t h i s  t o  be t h e  case. Such 

experimenting does cont inue and may allow a supe r io r  procedure t o  be 

i d e n t i f i e d  which then  c a n b e u s e d  r o u t i n e l y .  

Latest I t e r a t e  Est imates  of  t h e  Flux Values 

New values  of  t h e  f l u x e s  a r e  obta ined  each inne r  i t e r a t i o n  by 

applying t h e  b a s i c  f i n i t e - d i f f e r e n c e  neutron balance equat ions f o r  t h e  

volume elements.  S u b s t i t u t i o n  o f  t h e  leakage terms of  E q .  (702-3) 

i n t o  E q .  (701-4) y i e l d s  an equat ion f o r  each po in t  equat ing  t h e  l o s s  

ra te  with t h e  source r a t e  i n  t h e  form. 

(716-8) 

where i r e f e r s  t o  3 mesh po in t  along a row, t refers t o  inne r  
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i t e r a t i o n ,  Si i s  t h e  suiiuned f i s s i o n  and s c a t t e r i n g  source p lus  t h e  

con t r ibu t ions  from nea res t  neighbor p o i n t s  on ad jacent  rows, ai i s  t h e  

l o s s  cons t an t ,  and bi i s  t h e  coupling c o e f f i c i e n t  between nearest 

neighbors along the  row. 

Line r e l a x a t i o n  involves  a forward, backward sweep t o  so lve  t h e  

t r i - d i a g o n a l  matr ix  y i e l d i n g  new f l u x  values  s imultaneously f o r  a l l  

t he  po in t s  along t h e  row. 

sweep 

To s a t i s f y  t h e  r ecu r s ion  f o r  t h e  backward 

(716-9)  

requi.res a forward sweep 

and a prev ious ly  done forward sweep, 

with t h e  amount of d i v i s i o n  minimized. 

An a l t e r n a t i v e  procedurea i s  a t t r a c t i v e  t o  reduce t h e  amount of  

computation during i t e r a t i o n .  To so lve  t h e  system of  equat ions 

a new set  of  ope ra to r s  j.s des i r ed  such t h a t  

T cv VC$ := s . 

C u t h i l l ,  E .  H .  and Varga, R .  S . ,  "A Method of Normalized Block 
I t e r a t i o n , "  J .  Assoc. .._. Comput. _.-..___ Mach., - 6 (1959). 

a 
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The elements o f  t hese  ope ra to r s  are obta ined  as fo l lows .  

iliagorial terms o f  A and b 

wi th  i-1. Then, an i n i t i a l  c a l c u l a t i o n  i s  dotie g iv ing  

Let ai bc t h e  

t h e  of f -d iagonal  ternis, coupl ing poin t  i i 

1 
2 
- 
1 f = a  1 

1 

c = -- , elements o~ c ~ 

i f i  

The forward-backward sweep equat ions  solved during i t e r a t i o n  a re :  

x .  = C . S .  
1 LJ. 

Y1 = x1 

yi = xi _- v 

ZI = YI 

'i = Y i  - -  v * z  1 i + a  
(p. tl: L - z .  -* . 

y i-1 i-1 
(716 l o ]  

1 Z I  

I t  may be noted t h a t  the new va lues  ci and vi must be made 

a v a i l a b l e ,  b u t  t h a t  t h e  o r ig i i i a l  elements ai and bi and in te rmedia te  

values f are not  l a t e r  r equ i r ed .  'This scheme i s  not  app l i cab le  when 

t h c  d i rec t  c r i t i c a l i t y  search  procedure i s  used (unless  t h e  ncw va lues  

of a 

is  redone) .  

1 

are  used each o u t e r  i t e r a t i o n  and t h e  preca lcu la t ior i  of  c and v i 
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The d i r e c t  invers ion  scheme requ i r e s  t e n  a r i t h m e t i c  opera t ions  

inc luding  two d iv i  s ions  whi l e  t h e  modified procedure involves  a t  most 

s i x  with no d i v i s i o n s  during i t e r a t i o n .  The reduct ion  i s  a smal le r  

f r a c t i o n  of t h e  t o t a l  c a l c u l a t i o n  involv ing  ove r re l axa t ion  and summing 

t h e  ind iv idua l  source terms which inc reases  as t h e  number of 

dimensions is increased. 

For t h e  r epea t ing  boundary condi t ion ,  leakage from one end feeds 

back t o  t h e  o the r  end, and a term must be added t o  E q .  (716-9), 

(716-11) 

where I r e f c r s  t o  one of t h e  f l u x  va lues .  The unknowns are obtained 

from tiiis r ecu r s ion  r e l a t i o n s h i p .  

The c a l c u l a t i o n s  a r e  done i n  such a way t h a t  a zero va lue  of 

X .  i n d i c a t e s  t h a t  t h e  a s soc ia t ed  po in t  l i e s  i n  a black absorber  
J >t 

reg ion  I 

C l e a r l y  t h e  whole poin t  o €  so lv ing  f o r  s eve ra l  p o i n t  f l uxes  

s imultaneously i s  t o  i n v e s t  c a l c u l a t i o n a l  e f f o r t  where i t  w i l l  

a c c e l e r a t e  t h e  i t e r a t i v e  process .  

o r  d i f f e r e n t  blocks of p o i n t s  which will a c c e l e r a t e  problems. 

We seek ways o f  r e so lv ing  more p o i n t s  

A s p e c i a l  s i t u a t i o n  i s  presented  by r o t a t i o n a l  symmetry boundary 

condi t ions :  

The newest i t e r a t e  va lue  o f  t h e  f lux  i s  used i n  t h i s  coupl ing,  bu t  ha l f  

of t he  time t h i s  i s  a previous i t e r a t i o n  va lue .  Thus, t h e  ra te  of 

convergence might be expected t o  be slower than  without t h i s  coupl ing.  

a po in t  on one row couples with a po in t  on another  row. 
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Sweep Order 

By “normal order ing”  i s  meant t h a t  new f l u x  va lues  a r e  obtained a t  

each p o i n t  each i n n e r  i t e r a t i o n  by a sweep ac ross  t h e  space mesh a t  one 

energy. This  sweep s t a r t s  on t h e  f i r s t  p lane  a t  t h e  first row, then  

t h e  next  row on t h e  p lane  i s  done, and so on ac ross  t h e  p lane ,  then  

t h e  Eirst TOW on t h e  second p lane ,  and so  on ac ross  t h e  p lanes .  

i nne r  i t e r a t i o n s ,  t h e  f l u x  a t  each po in t  is c a l c u l a t e d  I t imes with I 

success ive  swecps. 

With I 

With a1 orde r ing ,  new va lues  arc f i rs t  obta ined  f o r  a l t e r n a t e  

p o i n t s  o r  a long a l t e r n a t e  rows, then f o r  t h e  o the r s .  Consider t h e  

two-dimensional problem with simultaneous s o l u t i o n  f o r  po in t  values  

a long each row. Looking a t  t h e  ends of t h e  rows, 

. x . x . x . x . x  

t h e  odd ones shown as a do t  would be t r e a t e d  f irst  ( i n  any o rde r )  and 

then those  shown as an x would be t r c a t e d .  

f i n i t e - d i f f e r e n c e  equat ions r e l a t e s  only n e a r e s t  neighbors ,  so t h e r e  

are no d i r e c t  coupl ings between any . rows o r  between x rows. The 

neutron leakage con t r ibu t ion  (space coupl ing)  i s  ca l cu la t ed  from the  

n e a r e s t  x values  when a . po in t  i s  t r e a t e d ;  t h e r e f o r e ,  t h i s  leakage 

con t r ibu t ion  i s  obta ined  from t h e  same i t e r a t e  n e a r e s t  neighbors .  

(With normal o rde r ing ,  t h c  ad jacent  p o i n t s  have values  one i t e r a t i o n  

a p a r t  f o r  t h e  sweep row.) 

Spac ia l  coupl ing by t h e  

In t h r e e  dimensions, we look aga in  a t  t h e  ends o f  t h e  rows and f i n d  

. x . x . x  

X . X . X .  

. x . x . x  
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Again w i t h  coupl ing  o n l y  between n e a r e s t  n e i g h b o r s ,  t h e  . p o i n t s  do 

n o t  couple  arid are swept f i r s t  i n  any order,  t h e n  t h e  x p o i n t s .  

ordzi- ing a p p l i e s  t o  a l l  c o o r d i n a t e  systems t r e a t e d .  

T h i s  

The 01 o r d e r  of sweeping %he inesh imposes r a t h e r  s e v e r e  d a t a  

rhus i t  i s  no t  done  i n  handl ing  requi rements  f o r  l a r g e  problems.  

those modes having severe d a t a  h a n d l i n g  burdens ,  and i s  done only  on 

planes i n  t h e  mul t i -p lane  s t o r e d  mode. 

1ri11er Itei-ati on and O u e r r e l a x a l i  on 
______________I __ _____ 

O v e r r e l a x a t i o n  i s  a s imple  b u t  powerful scheme f o r  a c c e l e r a t i n g  Lhe 

r a k e  of  c ~ o ~ i ~ ~ t t r ' g c ~ i ( : e  of  t h e  i t e r a t i v e  p r o c e s s .  The t h e o r y  is n o t  well  

de\r> lo l )ed f b l  o p t i m i z i n g  t h e  o v e r a l l  s t r a t e g y  t o  maxiniizc t h e  r a t e  o f  

conueigence Q F  a mul t igroup e i g e n v a l u e  problem. However, t h e  behavior  

of  C I I C  i'ixed source problem i n v o l v i n g  t h e  s imple coupled € i l l i t e  

d i f f e r s n c e  e q u a t i o n s ,  t h e  space  problem a t  one energy ,  i s  well  known; 

t h e  fo l lowing  d iscuss io i i  i s  d i r e c t e d  a t  t h i s  i n n e r  i t e r a t i o n  p r o c e s s .  

Consider  c a l c u l a t j o n  of  new v a l u e s  of t h e  f l u x e s  each i n n e r  

i t c r a t i o r i  u s i n g  o n l y  t h e  o l d  v a l u e s .  If we examine t h e  e i g e n v a l u e s  o f  

the i t e r a t i o n  m a t r i x ,  t h e r e  i s  t h e  same number of  them as p o i n t s  o r  

f l u x  v a l u e s  t o  be de te rmined ,  a l l  l e s s  t h a n  u n i t y .  These c o n t r i b u t e  

t o  t h e  e r r o r  i n  tlie s e n s e  o f  t h e  d i f f e r e n c e  between t h e  answer and t h e  

c u r r e n t  estimate o f  t h e  f l u x  a t  each p o i n t  f o r  i t e r a t i o n  t ,  

(716- 12) 

Thus,  there  i s  a contr ibLit ion t o  t h e  e r r o r  from each e r r o r  v e c t o r  having 

an a s s o c i a t e d  e i g e n v a l u e  p which depends on i h e  v a l u e  of  A .  . and t h e  

i t c r a t i o n  number. The v a l u e s  oF p .  depend o n l y  on t h e  e q u a t i o n  
I 

flms%di-lt5, riot 011 t h e  soi i rce  v a l u e s .  The v a l u e s  o f  A .  . depend on t h e  

j 1 3 1  

1 , J  
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i n i t i a l  s t a t e  of t h e  problem, both the  f i x e d  source values  and the 

i n i t i a l  f l u x  va lues .  

t o  t h e  e r r o r  d i e s  away; t h e  sma l l e r  t h e  value o f  p 

con t r ibu t ion  decays.  

Since p L  -+ o as t -+ m, 1,0, each c m t - r i b u t i o n  
j 

t h e  more r a p i d  i t s  
j '  

Asymptot ical ly  as t+a ,  t h e  con t r ibu t ion  from t h e  l a r g e s t  p .  
J 

dominates. El iminat ing t h e  cons tan t  A from t h e  .recursion equat ions 

y i e l d s  information about the asymptot ic  behavior ,  
i , I  

x -  
' i ,m  L= Xi t p "  i , t  'i,t-l . 

'i,t-l ' i , t - 2  ' 
- - x.  

' i , W  1,t-l 

P 
1 . 0  - p 

- - ~ _ _  ' i , m  'i,t 

'i,t - 'i,t-l 

That i s ,  asymptot ica l ly ,  t h e  abso lu te  e r r o r  i s  reduced by p each 

i t e r a t i o n  as i s  t h e  i t e r a t e  change. However, t h e  r a t i o  o f  rhe abso lu te  

e r r o r  t o  t h e  i t e r a t e  change depends on t h e  r e c i p r o c a l  of 1 .0  - p.  

Quite  gene ra l ly  t h e  more unknowns i n  a given problem ( the  niom 

space p o i n t s  used) ,  t h e  l a r g e r  t h e  va lue  of  p, t h e  slower t h e  ra te  of  

convergence, and t h e  l a r g e r  t h e  r a t i o  of t h e  abso lu te  e r r o r  t o  t h c  

i t e r a t e  change. 

Use of t h e  l a tes t  values a s  they  become a v a i l a b l e  i n  n c o n s i s t e n t l y  

ordered process  a c c e l e r a t e s  t h e  r a t e  o f  convergence. 'The c f f e c t  i s  

squar ing  t h e  eigenvalues  g iv ing  t h e  asymptot ic  behavior  

X i , -  - 'i,t - - p 2  . x. Y 

I . ,= - x. 1,t-1 
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Note t h a t  f o r  p = 0 . 9 ,  p2 = 0.81, a s i g n i f i c a n t  improvement. 

o f  absolu te  e r r o r  t o  i t e r a t i v e  change decreases  from 9 t o  4 . 3 .  O f  

primary concern he re  i s  no t  t h i s  s i t u a t i o n ,  bu t  r a t h e r  t h a t  where p 

approaches u n i t y ,  having a va lue  o f  0.99 o r  even l a r g e r .  

The r a t i o  

For c e r t a i n  problems, t h e  va lue  o f  p i s  larger  than usua l ;  one o f  

t hese  i s  t h e  s i t u a t i o n  involvjng r o t a t i o n a l  symmetry f o r  which o ld  values  

o f  t h e  f luxes  along t h e  coupled boundary a r e  used s i n c e  new ones are no t  

y e t  av a i  1 ab 1 e .  

With ove r re l axa t ion ,  t h e  i t e r a t e  f l u x  estimates are dr iven  i n  t h e  

d i r e c t i o n  o f  t h e  ca l cu la t ed  change by t h e  equat ion 

3 '  ( 7 1  6- 13) 'i,t-l + - 'i,t-l x .  = 
l , t  

Here X: i s  t h e  newly ca l cu la t ed  va lue  and a, i s  t h e  ove r re l axa t ion  
1,t L 

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

of B given by 

For t h e  f ixed  source problem, t h e r e  i s  an optimum value  

a 
t '  

1 .0  +v'ii-.o - pz 
(716-14) 

The eigenvalues  of t h e  ove r re l axa t ion  process  occur i n  p a i r s .  

F i g .  (716-1) i s  the  dependence of t he  dominating eigenvalues  o f  t h e  

ove r re l axa t ion  process  on t h e  va lue  of  f3 

where p2 i s  0.99.  

o v e r a l l  e igenvalue problem), t h e  o b j e c t i v e  i s  t o  e f f e c t  t h e  minimum 

dominating eigenvalue of t h e  process .  

of B i s  used. For (3, Popt,  t h e  p a i r  of e igenvalues  a r e  r e a l ,  one 

r e l a t i v e l y  l a r g e ,  t he  o t h e r  small. 

Shown i n  

1 < 6, < 2 ,  f o r  t h e  s i t u a t i o n  
t' 

Considering only t h i s  f ixed  source problem (not t h e  

'This occurs  when t h e  optimum value  

t 

For 6, > Bopt ,  t h e  p a i r  of  

P .  Frankel ,  Convergence Rates of I te ra t ive  ~- Treatments o f  Par t ia l  
D i f f e r e n t i a l  Equations,  Math. Tables Other Aid Comp. 4 (1950). 
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Fig .  716-1. Dominating Eigenvalue Dependence on t h e  Overrelaxation 

Coef f i c i en t  . 
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eigenvalues  are complex conjugate .  

t hese  eigenvalues  are no t  independent,  but  have a r a t h e r  complicated 

The enor vec to r s  a s soc ia t ed  w i t h  

dependence on t h e  i t e r a t i o n  number. 

The importance o f  t h e  use of an ove r re l axa t ion  c o e f f i c i e n t  near  t h e  

optimum i s  evidentfrorn F i g .  (716-1)> Indeed, i t  is p r e f e r a b l e  t h a t  t h e  

va lue  used be too  l a r g e  r a t h e r  than too small because t h e  convergence 

proper ty  i s  not  degsaded as much. I t  should be iiotcd t h a t  asyinptot ical ly ,  

t h e  absolu te  e r r o r  reduct ion  i s  a f a c t o r  of 0.82 each i t e r a t i o n  with 

optimum ove r re l axa t ion  compared wj.th 0.99 without ove r re l axa t ion .  a Each 

i t e r a t i o n  done with optimum ove r re l axa t ion  i s  t h e  equiva len t  o f  20 

i t e r a t i o n s  without i t .  Clea r ly ,  t h e  amount of c a l c u l a t i o n  requi red  t o  do 

ove r re l axa t ion  r e t u r n s  a l a rge  dividend j u s t i f y i n g  i t s  iisc, and a 

reasonable amount of c a l c u l a t i o n  can be j u s t i f i e d  t o  determine near 

optimum requi rernents. However, a convergent process  i s  ind ica t ed  f o r  

1 < p < 2 .  

New values  can be obtained o f  t h e  €luxes f o r  a block o f  po in t s  

s imultaneously.  Thus, when l i n e  r e l a x a t i o n  i s  done as d iscussed  

previous ly ,  t hese  va lues  a r e  overrelaxed simulta.neously. 

I t  i s  of  i n t e r e s t  t o  compare asymptotic rates o f  convergence f o r  a 

r e fe rence  problem. For t h e  two-dimensional square mesh with even mesh 

po in t  spacing,  homogeneous, and no s ink  term, t h e  asymptotic r a t e s  o f  

Convergence f o r  var ious  schemes a r e  shown below as dependent on t h e  

number o f  mesh p o i n t s  on one si.de. Line  overi-elaxat ion changes t h e  

s p e c t r a l  r a d i u s  from p to p/ (2 -p)  f o r  t h e  separable square mesh. 

aThe a c t u a l  gain i s  somewhat l e s s  than i n d i c a t e d  by t h i s  simplistic 
v i e w ;  see Sect ion  717. 
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I AsympJotic Rate o f  Convergence 
Use O l d  Use N e w  Poin t  Line a 

Mesh Poin ts  f3 Values Values Overrelax Overrelax 

10 1.560 0.041 0.081 0.58 0.82 

S O  1.884 0.0019 0.0038 0.12 0.1.7 

100 1 .940  0.00048 0.00097 0.062 0.088 

aThe scheme i s  t he  only one implemented; B is d i f f e r e r l t  
f o r  l i n e  o v e m e l a x a t i o n ,  

During t h e  e a r l y  i t e r a t i v e  progress  of a problem, l a r g e  changes i n  

t h e  f l u x  va lues  a r e  a s soc ia t ed  w i t h  i n i t i a l  e r r o r  vec to r s  which may 

cause Eq.  (716-13) t o  produce unacceptable  nega t ive  va lues .  We r e s t r a i n  

t h e  process  by r e s t r i c t i n g  t h e  r e s u l t  i n  a manner which dampens out  

excess ive  d r i v i n g ,  r e q u i r i n g  

(716-15) 

X*: i s  t h e  r e s t r a i n e d  overrelaxed 

value.  The na tu re  of r e s t r a i n e d  ove r re l axa t ion  i s  shown i n  Fig.  (716-2). 

i s  t h e  newly c a l c u l a t e d  va lue  and X 1,t i , t  

When t h e  i t e r a t i v e  p rogres s  reaches  a s t a g e  where t h e  c a l c u l a t e d  changes 

are small, no r e s t r a i n t  i s  r equ i r ed .  Therefore ,  the r e s t r a in t  app l i e s  

only dur ing  t h e  ca r ly  h i s t o r y  when bad i n i t i a l  e r r o r  vec to r s  dominate 

( \ E , \  > 0.01, see l a t e r  d i s c u s s i o n ) .  

Equation (716-15) i s  programmed t o  account f o r  nega t ive  f1.u:: values 

when they  occur  and changes i n  s i g n  of the flux va lues .  

-. .... 
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I n n e r  I t e r a t i o n  S t r a t e g y  

The procedure  adopted i s  as f o l l o w s  where t is  t h e  i n n e r  i t e r a t i o n  

c o u n t ,  'I' t h e  maximum, and n t h e  o u t e r  i t e r a t i o n ;  t h i s  procedure  is 

a p p l i e d  i n d e p e n d e n t l y  a t  each  group and t h e  d e f a u l t  may b e  o v e r r i d d e n  

by u s e r  c o n t r o l :  

X ( g ) ,  a l l  t ,  n = 1, 

T 4 ,  Bt,,(g) - ~ ~ - ~ ( g ) ,  a11 t ,  n > 1, 

e x c e p t  as noted  ; i 
4- 2.0 X ( g )  = - 

2.0 I 2.0-p2(g) 2 * o  1.0 + v m  

(716-16) 

Thus t h e  Chebyshev p o l y n o n i n a l  r e l a t i o n s h i p  i s  used ,  b u t  l a r g e  v a l u e s  

and t h e  i n i t i a l  u n i t y  v a l u e  a t  t h e  beginning  of t h e  series a r e  thrown 

away. In  a d d i t i o n ,  i f  T < 4 and t h e r e  are  more t h a n  5 groups or  

Chebyshev of  t h e  f l u x  v a l u e s  on o u t e r  i t e r a t i o n s  has been s p e c i f i e d ,  

8, i s  used r a t h e r  t h a n  a p p l y  t h e  Chebyshev polynominals .  Note t h a t  

t h e  s p e c t r a l  r a d i u s  p(g)  m u s t  account  f o r  l i n e  r e l a x a t i o n .  

When t h e  o v e r r e l a x a t i o n  c o e f f i c i e n t  i s  l a r g e r  t h a n  t h e  optimum, 

t h e  i t e r a t i v e  behavior  has a marked d i f f e r e n c e  t h a n  when i t  i s  less. 

A d i r e c t  measure of t h e  behavior  i s  obta ined  f rom t h e  i t e r a t e  v a l u e s  

i , t  X 
- - *-I- * v & r ~  X i s  of t h e  maximum re la t ive  f lux  change. L e t  a I 

i , t  X i , t  i , t-I. 
t h e  f l u x  v a l u e  a t  l o c a t i o n  i a f t e r  o v e r r e l a x a t i o n  i s  done a t  i t e r a t i o n  

t ,  and 
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r = inax(a ) , 

s = min(a. ) , 

over t h e  space problem of  i n t e r e s t .  

determined froin t h i s  information with t h e  s i g n  r e t a i n e d  t o  i n d i c a t e  i f  

t h e  f l u x  a t  t h a t  l oca t ion  i s  r i s i n g  (pos i t i ve )  o r  f a l l i n g  (nega t ive) ,  

t i , t  

t l , t  

The inaximum r e l a t i v e  f l u x  change i s  

E = Imaxl ( r t  - 1.0,  s - 1.0)  . (7 16- 1.7 ) t t 
__ x i  , t--..1 'i t , r e t a i n i n g  t h e  nega t ive  s ign  i f  Thus,  F, = (maxi e 

descending. 
X. 
1 , t-1 

A s p e c i a l  condi t ion  e x i s t s  when t h e  changes in t he  fliux values  are 

so sinal1 t h a t  they  l o s e  s i g n i f i c a n c e .  In t h i s  s i t u a t i o n ,  a r b i t r a r i l y  i f  

< 10-l0,  t h e  number of  i nne r  i t e r a t i o n s  i s  ad jus ted  t o  

reducing i t ,  but no t  t o  less than  4 .  

modes o f  d a t a  handl ing,  the number of inner  i t e r a t i o n s  being done may be 

a mul t ip l e  of  the rows o r  p lanes  s t o r e d  g r e a t e r  than  one; i n  t h i s  ca se ,  

t h e  number o f  i nne r  i t e ra r i ions  i s  a r b i t r a r i l y  reduced when [ E  I < 10' 

by t h e  number o f  rows o r  p lanes  s t o r e d ,  down t o  a minimum of  t h e  number 

of p lanes  s t o r e d ,  t o  t ake  advantage o f  t he  a s soc ia t ed  reduct ion  i n  d a t a  

In  t h e  multirow o r  mul t ip lane  

t 

t r a n s f e r .  

Estimates a re  made o f  t h e  dominating eigenvalue of t h e  process  from 

t h e  maximum and minimum f l u x  r a t i o s .  We assume t h a t  asymptot ica l ly ,  

(716-181 
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The d a t a  i s  deemed i n s i g n i f i c a n t  i f  f o r  e i t h e r  m = t o r  t-1, 

Assuming t h e  f l u x  v a l u e s  tend  t o  r ise o r  f a l l  t o g e t h e r  w e  t a k e  h a l f  t h e  

extreme rei-ative change as a n  a v e r a g e  and set 

( 7  1.6-19) 

Otherwise t h e  e i g e n v a l u e  i s  estimated from t h e  d a t a  f o r  t h e  extreme 

i n c r e a s e s  and d e c r e a s e s  u s i n g  

q/- ' ('716-20) 
... .. .. 

which i s  e s s e n t i a l l y  t h e  a v e r a g e  of t h e  two v a l u e s  when t h e y  are n o t  

g r e a t l y  d i f f e r e n t .  I n  t h e  event  t h a t  a l l  f l u x  v a l u e s  are Eal l iGg,  b o t h  

r and s w i l l  have v a l u e s  less t h a n  u n i t y ,  o r  i f  t h e y  are a l l  r i s i n g ,  

t h e y  w i l l  b o t h  b e  g r e a t e r  t h a n  u n i t y .  

t t 

The c r u c i a l  need t o  accelerate a t  n e a r  t h e  optimum p r e s e n t s  a 

c h a l l e n g e .  I n  some programs i n  use ,  t h e  implemented procedure  i s  such  

t h a t  i n i t i a l l y  no a c c e l e r a t i o n  i s  done, o r  a t  l eas t  i t  i s  done w i t h  

parameters less t h a n  optimum, and t h e s e  are i n c r e a s e d  u s i n g  a scheme t o  

p r e d i c t  t h e  dominant e r r o r  v e c t o r  e i g e n v a l u e  which g e n e r a l l y  produces a n  

u n d e r e s t i m a t e .  It  i s  g e n e r a l l y  more impor tan t  n o t  to a c c e l e r a t e  above 

t h e  optimum when Chebyshev a c c e l e r a t i o n  i s  done 011 o u t e r  i t e r a t i o n s  t h a n  
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when t h i s  procedure i s  not used, t o  avoid contamination O f  thP Outer 

i t e r a t i o n  e r r o r  vec to r s .  W e  are no t  a t t r a c t e d  eo schemes of doing a 

l a r g e  number of inner  i t e r a t i o n s  i n i t i a l l y  without a c r e l e r a t i o n  t o  

produce accu ra t e  e igenvalue e s t ima tes ,  nor t o  i t e r a t i o n  on zero source 

problems, e s p e c i a l l y  when t h e  space problem a t  one group cannot be 

contained i n  memory and a l a r g e  amount o f  d a t a  t r a n s f e r  would be 

necessary.  

We use  a scheme t o  i d e n t i f y  a c c e l e r a t i o n  above t h e  optimum. I f  

Cor a l l  i t e r a t i o n s ,  t h e r e  i s  assurance t h a t  t h e  process  i s  convergent.  

Indeed f a i l u r e  of t h i s  c r i t e r i o n  has gene ra l ly  been use fu l  t o  i d e n t i f y  

a c c e l e r a t i o n  above t h e  optimum, used i n  seve ra l  l o c a l  codes i n  t h e  p a s t .  

Unfortunately,  t h e r e  are si t u a t i o n s  where a c c e l e r a t i o n  i s  below t h e  

optimum but  the c r i t e r i a  i s  v i o l a t e d .  Such i s  the  case  i n  the  e a r l y  

h i s t o r y  using 01  order ing .  General ly ,  t h i s  c r i t e r i o n  i s  v i o l a t e d  t h e  

next  i t e r a t i o n  a f t e r  f u l l  propagation of  each boundary condi t ion  t o  t h e  

iiiost remote p o i n t ,  when t h e  i t e r a t i o n  count ( t o t a l  i nne r  i t e r a t i o n s  from 

t h e  s t a r t )  i s  one more than t h e  number o f  rows i n  a two-dimensional 

problem with normal ordered l i n e  r e l a x a t i o n  on rows. 

A l e s s  s t r i n g e n t  but  apparent ly  adequate c r i t e r i a  i s  t h a t  

We use two f a i l u r e s  o f  t h i s  tes t  f o r  e i t h e r  t = T o r  t = T - 1 t o  

i n d i c a t e  t h a t  the a c c e l e r a t i o n  is  above the  optimum but  r e q u i r e  / E  1 n 

I En-1 I on o u t e r  i t e r a t i o n  o r  non convergence on ou te r  i t e r a t i o n  t o  be 

i -ndicated,  IE,/ > I E ~ - ~ / .  
measure of the asymptotic mode i s  deemed t o  e s t a b l i s h  when 

I f  t h i s  c r i t e r i o n  is  s a t i s f i e d ,  an adequate 
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x u.99999, 
T , n  

1 .0  - x 
0 . 9 7 5  <( I :," ) J - ~  AT n-l < 1.025, 

T,n-1 T,n 

where T r e f e r s  t o  t h e  las t  inner i t e r a t i o n  f o r  o u t e r  i t e r a t i o n  n. \ h e n  

t h e s e  c r i te r ia  are s a t i s f i e d ,  a new estimate i s  made of the  spec t ra l  

a r a d i u s  u s i n g  

2 P,-l ( R )  1 

(7 16-21) 

The ove r re l axa t ion  c o e f f i c i e n t  i s  r e c a l c u l a t e d  with E q .  (716-4 ) ,  bu t  only 

i f  t h e  asymptot ic  s i n g l e  e r r o r  mode e x t r a p o l a t i o n  c r i t . e r i a  d i scussed  l a t e r  

are s a t i s f i e d ,  i n d i c a t i n g  t h a t  an asymytot ic  behavior o f  t h e  o u t e r  

i t e r a t i o n  process  has  e s t a b l i s h e d ,  and only i f  6 

and t h e  ad jus t ed  va lue  i s  cons t ra ined  t o  

( g j  - 1.0 < yT,n , TJn 

(716-22)  

I f  t h e  inne r  i t e r a t i o n  process  i s  deemed t o  be nonconvergent, t h e  

over re l axa t ion  c o e f f i c i e n t  i s  a r b i t r a r i l y  decreased 

When B(g) i s  changed, t h e  a s soc ia t ed  va lue  o f  B(g) is  r e c a l c u l a t e d  t o  

make them c o n s i s t e n t ,  I f  any @ ( g )  is  decreased,  t h i s  c o e f f i c i e n t  is no t  

a D .  M. Young, " I t e r a t i v e  Methods f o r  Solving Par t ia l  Difference Equations 
of  E l l i p t i c  Type," Harvard Univers i ty  D i s s e r t a t i o n  (1950). 
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p e r m i t t e d  t o  b e  i n c r e a s e d  laIrer. Reduct ion i.11 B(g) i s  a l l o w e d  no more 

f r e q u e n t l y  t h a n  e v e r y  o t h e r  o u t e r  i t e r a t i o n ,  and when i.n u s e ,  t h e  ap- 

p l i c a t i o n  of Chebyshev polynominals i i z  rein.it:i .ated, add a n y  B(g) < riax 

6 ( g )  - 0 . 2  i s  not  reduced,  When f e w e r  than 4 i n n e r  i t e r a t i o n s  are done, 

iiiiier i t e r a t i o n  'oebavior i s  n o t  t e s t e d  and t h u s  t h e  o v e r r e l a x a t i o n .  coef-  

f i c i e n t s  are not: i n c r e a s e d  n o r  are t h e y  reduced based on i n n e r  i t e r a t i o n  

belxxvi-or . 
On demand by u s e r  o p t i o n ,  a t  a p o i n t  p r e s e l e c t e d  i n  t h e  i n i t i a l i z n -  

t i o n  procedures ,  o r  when the code i s  so  d isposed  t o ,  a t  soiue o u t e r  i tera-  

t i o n  the r e g u l a r  : i t e r a t i v e  procedure i s  i n t e r r u p t e d .  Twenty i t e r a t i o n s  are 

done w i t h o u t  o v e r r e l a x a t i o n  0.n t h e  s p a c e  problem a t  each energy wi thout  a 

s o u r c e ,  having the s o l u t i o n  @ = 0. (The c a l c u l a f e d  f l u x  v a l u e s  are  n o t  

used as the normal procedure  resumes.)  

c o e f f i c i e n t s  are o b t a i n e d  from the  1, f 

vector ei.genvalue,  see Eq.  (716-31) and t h e  d iseuss i .on  about  i n i t i a l i z a -  

t i o n .  Procedures  i n  use ~ such as the Chebyshev a c c e l e r a t i o n ,  are res t:arted, 

all?, i ter~. . t iop,  de l ays  n r e  re?.nii:<al.i zed. 

New v a l u e s  f o r  t h e  o v e r r e l a x a t i o n  

norm estimate of the dominant e r r o r  

Re-Calculat ion of O v e r r e l a x a t i o n  C o e f f i c i e n t s  - .....__I.__I I_._.. ~ 

The number of o u t e r  i t e r a t i o n s  r e q u i r e d  f o r  t h e  boundary fluxes 

t o  propagate  through t h e  mesh i.s g i v e n  by 

f =  --..Î I N ( p l a n e s )  + M ( r o w s )  
( m i n  i n n e r s )  

I. 
2 2 

1 
2 

M I- 1 for normal o r d e r i n g .  

N = L  , M --- .--- f o r  f u l l  01 o r d e r i n g ,  o r  

N = I M = - f o r  p a r t j - a l  01 o r d e r i n g ,  o r  

N = 1 
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A t  ou te r  i t e r a t i o n  T (o r  o p t i o n a l l y  a t  an  o u t e r  i t e r a t i o n  number spec i -  

f i e d  by inpu t )  t h e  ove r re l axa t ion  c o e f f i c j e n t s  are re -ca lcu la ted  with 

E q .  (716-14) us ing  an L 

t h e  inne r  i t e r a t i o n  process  ( p 2 )  wi th  no source and no ove r re l axa t ion  a t  

each energy group. 

norm es t ima te  cf t h e  dominating eigenvalue of  1 

Considering t h e  L norm d e f i n i t i o n  o f  X N p2, t h e  procedure i s  as 
1 t 

fol lows f o r  t i nne r  i t e r a t i o n s  wi th  t h e  d e f i n i t i o n s :  

A = -  F l$i,t - 4 i , t - l  I 
t Y 

- - At - 
pt A - A  Y t-1 t-2 

Y =  ( i t  ) ( I -  - L) 
I - r. 9 

t-l t 

an at tempt  i s  made t o  e x t r a p o l a t e  t h e  eigenvalue estimate. 

t r a p o l a t e d  va lue  

The ex- 
~ 

A c o = h  + F  A t ( t - “-1) 

\ 

i s  used provided 

0.95 < X < 1.05 

Am < 0.999 and 

1 -- A t  
1 - Am < 3.0 . 
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provlG e d  A < 0.9999 , 
t 

>, t--1 < C.9999 , and 

0.9 < Y < 1.1 . 
F a i l i n g  t h e s e  tests,  t h e  o v e r r e l a x a t i o n  c o e f f i c i e n t  i s  L e f t  unchanged 

unl. P s s 

i s  t h e  average  of the one i n  u s e  and t h a t  c a l c u l a t e d  w i t h  1 . 
i:n which case t h e  new o v e r r e l a x a t i o n  c o e f f i c i e n t  t: > xt- . l  > A t m y  

t 

Outer l t e r a t i o n  Strategy-  
I____ _.-- . 

Here we d i s c u s s  assessment  of t h e  behavior  of the o u t e r  i t e r a t i o n  

p r o c e s s  and d e l a y s  i inposed on a d j u s t i n g  t h e  parameters  of t h e  i n d i v i d u a l  

procedures .  

a t  t h e  same t i m e  ( a s  when the  Chebyshev p r o c e s s  i s  a p p l i e d ) ,  behavior  of 

t h e  o u t e r  i t e r a t i o n  p r o c e s s  i s  a s s e s s e d  d i r e c t l y .  

When t h e  f l u x  v a l u e s  f o r  s u c c e s s i v e  i t e r a t i o n s  a re  a v a i l a b l e  

where X i s  one of t h e  f l u x  v a l u e s  (component of 4 ) ,  and i , 11 n 

r = max ( a .  ) 
'n 1 sn 

s = min ( a  ) .  (716-24) 
n i , n  

= Irnax! (rn - 1.0, s - 1.0). n 11 
(716-25) 

'To j u d g e  tihe behavior  of t h e  o u t e r  i t e r a t i o n  p r o c e s s ,  if /Fn/ > I E  n-2 1 ' 
t h e  process  i.s deemed t o  h e  n o t  convergent ,  r e q u i r i n g  t h a t  t.he accelera- 

t i o n  parameters  b e  reduced t o  e f f e c t  a convergent  p r o c e s s ,  a f t e r  a l low- 

i n g  a r e a s o n a b l e  d e l a y  i n  i t e r a t i o n  count  f K 0 m  t h e  s ta r t ,  o r  a f te r  any 
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action such  a5 e x t r a p o l a t i o n  o r  t h e  s t a r t  of Chebyshev a c c e l e r a t i o n  which 

would b e  expec ted  t o  r e q u i r e  a d e l a y .  ( W e  have used I E ~ /  > I E 1 as  t h e  

c r i t e r i a  i n  t h e  p a s t . )  One f a i l u r e  of t h i s  test i s  al lowed.  

n-1 

When succeeding  o u t e r  i terate  f l u x  v a l u e s  are n o t  r e a d i l y  a v a i l -  

able, t h e  maximum relat ive f l u x  change i s  e s t i m a t e d  by a hound. Given 

t h e  v a l u e s  of r and s f o r  the i n n e r  i t e ra t ion ,  a t  each energy g r ~ u p ,  

the e s t i m a t e  i s  

t t 

n 
2’ = max ll r n t=l t 

n 
s = rnin X s n t=l t 

(7  16 - 2 6 )  

over  t h e  ind iv idua l  energy groups.  

from E q .  (716-26) are wider bounds than the values from E q .  (716-25) .  

Qui te  gene ra l ly  the  va lues  obtained 

The dominating eigenvalue of  the  o u t e r  i t e r a t i o n  process  i s  

es t imated .  We assume t h a t  

‘ i ,n- l  x -  i , n  
i , n - 1  - x.  

1 , n - 2  1-1 = x.  

W e  j u d g e  t:ze dpt?? i n s i g n i f i c a n t  i f  f o r  m = n and n-1, 

r- (1.0 -- s ) 

(716 -27)  

(716-28) 

... 
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otherwise usi.ng 

the  estimate of t h i s  dominant e igenvalue i s  

- 
(716-29) - 

%,O I/ %,i- % > S  

Other estimates of 1-1 have a l s o  been used,  f o r  example t h e  L norm, 2. 

/ 5: (X. -- x .  ) 2  i , n  i , n - 1  

o s  t h e  L norm estimate, 1 

(716- 30) 

('716- 31) 

IL i s  not  p r a c t i c a l  t o  ob ta in  

and f l u x  va lues  t o  float t o  an a r b i t r a r y  l e v e l  making i t  l i k e l y  t h a t  t he  

i n  t h i s  code which al lows t h e  source 
E 1 9 2  

nuEbers would exceed machine range. The L norm estimate 1s used 

and repor ted  when easi ly  ca l cu la t ed  w i t h o u t  d a t a  access ,  as when 

1 n, I 

Chebyshev a c c e l e r a t i o n  i s  done and f o r  t h e  forced  e x t r a p o l a t i o n  discussed 

l a t e r .  
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Together,  t h e  i n d i v i d u a l  procedures  act i n  a complicated way on the  

o v e r a l l  p rocess  which d i s p l a y s  i n t e r a c t i o n  effects. C e r t a i n  de lays  and 

cyc le s  are incorpora ted  as found d e s i r a b l e  from t h e  behavior of represen-  

t a t i v e  test problems. These are d iscussed  here .  With l i n e  r e l a x a t i o n  on 

rows, f o r  a problem con ta in ing  R rows and P p l anes ,  R + P - 1 sweeps are 
requi red  f o r  t h e  most remote boundary cond i t ion  t o  propagate  ac ross  the  

space problem. Typica l ly ,  t h e r e  i s  a change i n  the  i t e ra t ive  behavior  when 

t h i s  number of i nne r  i t e r a t i o n s  have been done. However, it has been found 

t h a t  t h e  behavior should be assessed  ear l ie r .  

L e t  R = Number of rows 

P = Number of p lanes  

T = Number of i n n e r  i t e r a t i o n s  (minimum) 

L = max - 
L 

K = min [L,  2 J ]  
I + 1.99, 10 

M = max [J + 2, K] 

where 

J i s  t h e  i n i t i a l  de lay  i n  access ing  convergence behavior ,  

M i s  t h e  i n i t i a l  de lay  i n  applying e x t r a p o l a t i o n  a r b i t r a r i l y ,  and 

K 

I n i t i a t i o n  of t h e  Chebyshev a c c e l e r a t i o n  procedure i s  normally delayed 

is  t h e  de lay  between a r b i t r a r y  ex t r apo la t ions .  

u n t i l  a f t e r  t h e  ove r re l axa t ion  c o e f f i c i e n t s  have been reeva lua ted  (after 

propagat ion) ,  o r  5 o u t e r  i t e r a t i o n s  f o r  one-dimensional problems, 

Asymptotic e x t r a p o l a t i o n  is  delayed 5 i t e r a t i o n s  whenever any a c t i o n  

is  taken which would d i s r u p t  the o u t e r  i t e r a t i o n  process  prevent ing  an 
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approach t o  an asymptotic e r r o r  mode. 

adjustment of t he  a c c e l e r a t i o n  paramet.ers cause such de lay .  

Ext rapola t ion  i t s e l f  o r  

When Chebyshev a c c e l e r a t i o n  i s  i n i t i a t e d  o r  r e s t a r t e d  a f t e r  

asymptotic ex t r apo la t ion  o r  a f t e r  t h e  e s t h a t e d  eigenvalue spectrum 

range has been decreased,  s t a r t  of t h e  process  i s  delayed one i t e r a t i o n .  

Tes t ing  t o  reduce t h e  ove r re l axa t ion  c o e f f i c i e n t s  is permi t ted  only 

5 i t e r a t i o n s  fol lowing r e s t a r t  of  t h e  Chebyshev a c c e l e r a t i o n  process  o r  

4 i t e r a t i o n s  fol lowing asymptotic ex t r apo la t ion  when i n n e r  i t e r a t i o n  

behavior i s  examined ( r equ i r e s  - > 4 inne r  i t e r a t i o n s ) ,  o r  5 i t e r a t i o n s  

a f t e r  these  events  o therwise ,  and 5 i t e r a t i o n s  a f t e r  any p r i o r  reduct ion  

has been done. 

When t h e  minimum number of iiiizer i t e r a t i o n s  done a t  any group i s  

l e s s  than  4 ,  nonconvergence of  t h e  o u t e r  i t e r a t i o n  process  i s  used as 

c r i t e r i o n  f o r  reducing t h e  ove r re l axa t ion  f a c t o r s .  However, i f  t h e  

number of  inlier i t e r a t i o n s  done a t  any group i s  4 o r  more and t h i s  i n n e r  

i t e r a t i o n  process  i s  deemed convergent,  t h a t  ove r re l axa t ion  c o e f f i c i e n t  

i s  no t  reduced t h e  f i rs t  time reduct ion  of  t hese  c o e f f i c i e n t s  i.s done 

based on ou te r  i t e r a t i o n  behavior.  

When t h e  minimum number of  i nne r  i t e r a t i o n s  i s  4 OT more and 

Chebyshev a c c e l e r a t i o n  i s  not  being done and a f t e r  t h e  o u t e r  i t e r a t i o n  

count satisfies t h e  s e t  de lays ,  i f  t h e  o u t e r  i t e r a t i o n  process  i s  deemed 

t o  be not  convergent,  a l l  o f  t h e  ove r re l axa t ion  coe f f i - c i en t s  a r e  

a r b i t r a r i l y  reduced us ing  E q .  (716-23). This  can occur no more 

f r equen t ly  than  every o t h e r  o u t e r  i t e r a t i o n .  Note t h a t  once reduced, 

an ove r re l axa t ion  c o e f f i c i e n t  w i l l  no t  be increased  l a t e r ,  except i f  they  

were a l l  reduced simultaneausly. 
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.... 
The cont inuing  d i scuss ion  addresses  a c c e l e r a t i o n  of the  o u t e r  

i t e r a t i o n  process .  

Chebyshev Accelera t ion  on Outer I t e r a t i o n s  

We have experimiented with procedures  f o r  a c c e l e r a t i o n  of the 

i t e r a t i o n  process  on o u t e r  i t e r a t i o n .  

p o i n t  f i s s i o n  source va lues  i s  p r a c t i c a l  i n  some s i t u a t i o n s ,  bu t  

gene ra l ly  has  been found t o  be i n f e r i o r  t o  d r i v i n g  t h e  p o i n t  f l u x  val~.ies, 

so w e  j u s t i f y  t h e  added process ihg  c o s t  f o r  t h e  l a t t e r .  

a c c e l e r a t i o n  of  t h e  p o i n t  f l u x  va lues  before  c a l c u l a t i o n  of  the 

i n s c a t t e r i n g  source and found t h i s  t o  be q u i t e  e f f e c t i v e ;  1mfortunate1.y 

t h e r e  i.s a complicated r e l a t i o n s h i p  between t h e  dominant ej-gernvalue ~ t h e  

d r i v i n g  f a c t o r s  and t h e  eigenvalues  spectrum range f o r  which an exp l i - c i t  

formulat ion has no t  been found. 

spectrum range i s  smaller, o r  a t  l eas t  t h e  f a c t o r s  iiiust be smaller than  

f o r  a c c e l e r a t i o n  on o u t e r  i t e r a t i o n s ,  t h e  more so t h e  l a r g e r  the number 

of  energy groups t r e a t e d ,  a cascade e f fec t .  In ea r ly  implementations 

we r e l i e d  on an estimate of  t h e  m u l t i p l i c a t i o n  f a c t o r  from t h e  r a t i o  of 

i n t e g r a t e d  f i s s i o n  source between success ive  i t e r a t i o n s ,  normal i zatiori  

t o  e f f e c t  t h e  same source t o  e s t a b l i s h  t h e  pseudo s teady  s t a t e  conditi-on. 

The procedure now i n  use a p p l i e s  a scheme of dampening the estimates 

from t h e  source ratios which has been found e f f e c t i v e .  

ex t rapola t ion  is  used when Chebyshev acceleration is done to a t tempt  to force  

the p o i n t  fl-ux values to a solution w h e n  the behavior  i n d i c a t e s  this can be  

done. E i t h e r  s i n g l e  or double  error mode ex t r apo la t ion  is  done 

s imul taneous ly  w i t h  Chebyshev acceleration, as d i s c u s s e d  la ter ,  and 

The simple scheme o f  dr i .ving t.he 

We t e s t e d  

With t h i s  procedure t h e  eigenvalue 

A l s o ,  a,symptotic 
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then  the Chebyshev a c c e l e r a t i o n  i s  restarted.  

We no te  t h a t  r e g a r d l e s s  o f  how a c c e l e r a t i o n  i s  done, t h e  dominant 

e r r o r  vec to r  e igenvalue must be es t imated .  In  many s i t u a t i o n s  w e  f i n d  

t h a t  t h i s  e r r o r  vec tor  i s  h ighly  suppressed;  it may no t  su r face  before  

an adequate convergence l e v e l  i s  a t t a i n e d  and es t imates  of  t h e  eigen-  

va lue  may be hopeless ly  contaminated. 

assessment of behavior and cont inuing e s t ima t ion  of t h e  dominant e r r o r  

We do r e l y  on a cont inuing  

vec tor  e igenvalue of  t h e  o v e r a l l  i t e r a t i o n  process  i n  progress .  

There a r e  unfor tuna te  c h a r a c t e r i s t i c s  o f  t h e  Chebyshev a c c e l e r a t i o n  

process  on o u t e r  i t e r a t i o n .  The eigenvalue spectrum rangc must be 

underestimated because t h e  process  i s  not  convergent using d r i v i n g  

f a c t o r s  which are too  l a r g e .  The incen t ive  i s  t o  minimi-ze the  number of 

i nne r  i t e r a t i o n s  done a t  each group t o  reduce t h e  amount of  c a l c u l a t i o n ;  

however, wi th  a n  inedequate  number of i nne r  i t e r a t i o n s  o r  u s e  of 

ove r re l axa t ion  c o e f f i c i e n t s  t o o  l a r g e  o r  t o o  small, severe  contamina- 

t i o n  r e s u l t s  which i s  hard t o  overcome. This  complicat ion causes u s  t o  

adopt a procedure o f  s topping t h e  a c c e l e r a t i o n  p e r i o d i c a l l y  and 

r e s t a r t i n g  i t .  Quite  gene ra l ly  t h e  i d e n t i f i c a t i o n  of a nonconvergent 

process  i s  d i f f i c u l t ;  l a r g e  i t e r a t e  f l u x  changes can mean a divergent  

proeess  o r  e f f e c t i v e  a c c e l e r a t i o n .  Thus a r a t h e r  complicated procedure 

i s  i n  use f o r  eva lua t ion .  The d e t a i l s  o f  t h i s  procedure have been 

worked out  i n  s tudy of  t h e  behavior  o f  many small probleins and as many 

problems t y p i c a l  o f  appl icat i -on as could be j u s t i f i e d .  ‘Ne have r e l i e d  

a on t h e  experience of  o t h e r s ,  some of which has been publ ished,  and only 

E .  I,. Wachspress, I t e r a t i v e  Solu t ion  o f  E l l i p t i c  Equations,  P ren t i ce -Ha l l ,  
I n c . ,  N .  J .  (1966). 

a 
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... 

selectively apply t h e  procedure when deemed to be w0rt.h i t s  cos t ,  

discussion is presented here about the implemented procedure. 

A 

When Chebyshev acceleration is initiated the equation applied 

(pointwise) is 

(716 -33)  

and each outer iteration after this one, 

But t h e  va lue  of t h e  dr iven  po in t  flux va lue  i s  r e s t r a i n e d  t o  

wi th  account taken of nega t ive  f l u x  va lues  when c a l c u l a t e d .  

r e f e r s  t o  o u t e r  i t e r a t i o n ,  N i s  t h e  o u t e r  i t e r a t i o n  when t h e  process  

i s  i n i t i a t e d ,  i s  the newly ca l cu la t ed  f l u x ,  4 t he  acce le ra t ed  

f l u x ,  and f The l a t t e r  are de- 

termined as fol lows.  The Chebyshev polymominal r ecu r s ion  is  used i n  

t h e  form 

TN-l(b) = 1.0 

T (b) = b 

Tn(b) = 2.0 b T 

Here n 

+: n 
and gn are  a c c e l e r a t i o n  parameters.  n 

N 

(b) - Tn-2(b) ,  n > 1, or n-1 

(716-35) 
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where 

(7 16 - 36) 

and 

r e s p e c t i v e l y .  Given t h e  above r ecu r s ion ,  t h e  a c c e l e r a t i o n  parameters 

a r e  determined f o r  t h e  e a r l y  i t e r a t i v e  h i s t o r y  as 

and 1-1 1 2 are t h e  lower and upper bouiids of  t h e  eigenvalue spectrum, 

1-12 + 111 f =  N 2 . 0  -- < U 2  + U1) 

gn = 2.0b k$] - 1 .0 ;  o r  

(716-37) 

(716 - 3 8 )  

gn (1.0 -t f n ) [ l . O  0 .5  (V, -t 1.1 ) ]  --- 1 . 0  , TI > N . (7 16 - 39) 1 

Whenever t h e  Chebyshev process  i s  r e s t a r t e d ,  f N  above i s  used bu t  

t h e r e a f t e r  asymptotic values  o f  f and gll are used. n 
Consider t h e  a c c e l e r a t i o n  E q .  (416-34). ‘The new es t ima te  of  t h e  

f l u x  i s  obtained by applying t h e  i t e r a t i o n  matr ix  

Define t h e  e r r o r  En = # I ~ -  Cp,  and s i n c e  MCp- r e t u r n s  
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... 7.. 

Consider that asymptotically f 

an error vector dominates, each component having the form 

and gn become constants, and assume that n 

n c A .  ui 
i 

-* A V ~  f o r  n l a r g e ,  
1 

and that this error vector must be driven by the dominant one of the 

iteration matrix, 

These assumptions lead to 

u2 - [ ( l  + f,)A - En] 1-I + gn(l - 11) = 0 . 

Given an estimate f o r  1-1 when the Chebyshev process is in use, an estimate 

of the dominant eigenvalue o f  the iteration matrix (and hence t he  upper 

limit of the spectrum of eigenvalues needed to select the Chebyshev 

parameters) is given by 

(7 16 -40) 

We seek the smallest value o f  p for maximum acceleration, 

1 1-I = T{[(1 f f ) X  - f i- g ]  *$[(l .I. E)h - f + g ] "  - 4g } . 

Note that f o r  f = g = 0, u = X as it should with no acceleration. 

The values of f and g are related through the polynominal equations 

f o r  Chebyshev acceleration by 
_.. 

gn = f n - [+][1 + fn) , 
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where a i s  t h e  lower limit o f  t h e  spectrum, Assuming t h a t  h i s  known, 

The l a r g e s t  va lue  of !.I can be reduced t o  a po in t  by inc reas ing  f ,  bu t  

f u r t h e r  i nc rease  i n  f causes  i t  t o  have an imaginary component. This 

occurs  when 

+ 

+ f) , o r  from above, 

+ f ) = O  , and 

t h e  sma l l e s t  va lue  s e l e c t e d ,  and 

(716-41) 

Asymptot ical ly ,  we expect optimum Chebyshev a c c e l c r a t i o n  of an i t e r a t i v e  

process  having a dominant e igenvalue A t o  have a dominant e igenvalue 1-1. 

An es t ima te  o f  u from t h e  behavior o f  a problciii may be  compared with 

t h i s  va lue  t o  a s s e s s  e f f e c t i v e n e s s .  

r e l a t e d  when t h e  lower l i m i t  of t h e  eigenvalue spectrum range i s  zero by 

These eigenvalues  are simply 

(716-42) 

I t  i s  of i n t e r e s t  t o  examine t h e  ga in  i n  t h e  ra te  o f  e r r o r  reduct ion  

with Chebyshev a c c e l e r a t i o n  (asymptotic optimum). 

compared on t h e  fol lowing page (a = 0 ) .  

Values of  11 arid h a re  
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No Accelerat ion 
0)  

Optimum Accelera t ion  
(111 

0.25 

0.50 

0.75 

0.85 

0.95 

0.99 

0.0718 

0.1716 

0.3333 

0.4417 

0.6345 

0.8182 

If t h e  b a s i c  i t e r a t i v e  process  reduces t h e  abso lu te  e r r o r  by 

5 pe rcen t  each o u t e r  i t e r a t i o n ,  t h e  Chebyshev process  opt imal ly  reduces 

t h i s  abso lu t e  e r r o r  36.5 percent  each o u t e r  i t e r a t i o n  asymptot ica l ly ,  

an impressive ga in .  In  p r a c t i c e  such gain i s  not  r e a l i z e d ;  t h e r e  i s  

smaller ga in  i n  t h e  e a r l y  h i s t o r y ,  contaminati.on la ter ,  and i t  i s  

necessary  t o  o p e r a t e  below t h e  top  of the eigenvalue spectrum band. 

A b e t t e r  e s t ima te  of a c t u a l  behavior  we have used i s  h2. 

The automated procedure f o r  s e l e c t i o n  of t h e  Chebyshev a c c e l e r a t i o n  

process  involves  e s t ima t ing  t h e  dominant e r r o r  vec to r  e igenvalue f o r  a 

s e l e c t e d  one-dimensional problem (Sec. 718) .  An e x c e p t i o n  i s  t h e  one- 

d i m e n s i o n a l  problem f o r  which t h e  procedure  is  a u t o m a t i c a l l y  a p p l i e d .  

O c c a s i o n a l l y  w e  f i n d  t h a t  t h e r e  i s  a s m a l l  n e g a t i v e  e r r o r  v e c t o r  e igen-  

v a l u e ,  which causes s e r i o u s  impact  i f  i g n o r e d ,  s o  pl is  i n i t i a l . l y  set 

a t  -0.1 and l e f t  a t  t h i s  v a l u e ;  t h i s  may be altered w i t h  i n p u t  d a t a .  

A f t e r  s t a r t i n g  o r  r e s t a r t i n g  the process ,  a set minimum d e l a y  i s  

imposed b e f o r e  t h e  behavior  is  e v a l u a t e d .  Then i f  the o u t e r  i t e r a t i o n  

b e h a v i o r  does not s a t i s f y  t h e  c r i t e r i a  f o r  a convergent  p r o c e s s ,  t h e  
... 

p r o c e d u r e  i s  r e s t a r t e d  w i t h  a reduced v a l u e  f o r  t h e  estimate of t h e  

e i g e n v a l u e  spec t rum l i m i t ,  
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(716.43) 2 
= min [0.98, inax (p 2,n-1 Y 0.75 lJ2,n-l) 1 Y %,n 

where LJ r e f e - r s  t o  t h e  v a l u e  i n  c u r r e n t  use .  Equat ion ( 7 1 6 - 4 3 )  i s  

a p p l i e d  only  trwi.ce, and then  Chebyshev a c c e l e r a t i o n  i s  d i s c o n t i n u e d  i f  

t h e  behavior  is s t i l l  a p p a r e n t l y  n o t  convergent ,  The p r o c e s s  w i l l  

l a te r  be r e s t a r t e d  i f  t h e  single-error-.;;ode e x t r a p o l a t i o n  c r i t e r i a  are 

s a t i s f i e d .  Whenever t h e  upper 1 . i m i t  of t h e  e igenvalue  spectrum i-I i s  

reduced,  a new upper l i m i t  of  0 .9  rimes t h e  o ld  v a l u e  p l u s  0.1 t i m e s  

t h e  new v a l u e  i s  used which i s  t h e n  g r a d u a l l y  i n c r e a s e d  one p e r c e n t  of 

t h e  d i f f e r e n c e  from u n i t y  each  i t e r a t i o n .  

2 ,  n-1 

2 

The maxi.mum r e l a t i v e  fl.im change, I f o r  i t e r a t i o n  m, i s  saved m 

whenever t h e  procedure  i s  r e s t a r t e d .  

1 ~ ~ 1 ,  t h e  p r o c e s s  i s  deemed t o  b e  ineffect . i .ve  even i f  t h e  p r o c e s s  i s  

judged  t o  b e  convergent ,  Eq.  ( 7 1 6 - 4 3 )  i s  u s e d ,  and t h e  procedure  r e s t a r t e d ,  

b u t  on ly  i f  I E  I > p2 

A f t e r  t h e  se t  d e l a y ,  i f  ( E I I /  > T.5 

-- 11 

Given a convergent  process when Chebyshev a c c e l e r a t i o n  i s  i n  u s e ,  

t h e  behavior  i s  examined a f t e r  t h e  s e t  d e l a y  i n  i t e r a t i o n  c o u n t ,  o r  i f  

fn' E,- 1 < 0 .999 .  

l a t e r ,  and t h e n  t h e  p r o c e s s  i s  r e s t a r t e d  a f t e r  a d e l a y  o f  one o u t e r  

i t e r a t i o n .  

are s a t i s f i e d ,  p i s  reset  t o  A from E q .  (716-40) e x t r a p o l a t i o n  is  done, 

and t h e  Chebyshev a c c e l e r a t i o n  p r o c e s s  i s  r e s t a r t e d  a f t e r  a d e l a y  of one 

i t e r a t i o n .  

Asymptotic e x t r a p o l a t i o n  may t h e n  b e  done as d i s c u s s e d  

When t h e  asymptot ic  s i n g l e - e r r o r - n o d e  e x t r a p o l a t i o n  c r i t e r i a  

2 

The v a l u e  of p used f o r  r e s t a r t  i s  l i m i t e d  t o  2 

B -  
'2,n < $- '2,n-l,where B = rnzx[1.4, I n  (2 1- fi)] and I i s  t h e  

B 

niinimum number of i n n e r  i t e r a t i o n s  done, except  t h a t  R i s  d e f a u l t e d  t o  
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, 

2.0 f o r  one-dimensional problems. 

When t h e  i t e r a t i o n  count  from the  beginning oE the Chebyshev pro-  

cess ir, t h i s  c y c l e  exceeds t h e  l i m i t ,  the process  (cyc le)  is  r e s t a r t e d  

unless ] E  1 < [ E  I [ E  I and p 

norm estimate of t h e  dominant e igenva lue  o f  t he  process .  

1 where u i s  t h e  L 
n n- 1 n- 2 n , o  "n,1' n,l 

Asymptotic Ext rapola t ion  

Asymptotic e x t r a p o l a t i o n  i s  used here t o  mean t h e  at tempt  t o  

e l imina te  one o r  two dominating e r r o r  vec to r s  by d r i v i n g  t h e  f l u x  va lues  

toward an apparent  s o l u t i o n  as ind ica t ed  by t h e  i t e r a t i v e  behavior .  

This scheme has proven t o  be very e f f e c t i v e  over  a wide range o f  

problems. To be e f f e c t i v e  i t  is  necessary t h a t  t h e  con t r ibu t ion  

dominates over  t h a t  from o t h e r  e r r o r  v e c t o r s .  'Ihis can be due t o  a 

l a r g e  s e p a r a t i o n  i n  t h e  values  o f  t h e  eigenvalues  of  t h e  e r r o r  vec tors  

o r  t o  l a r g e  d i f f e rences  i n  t h e i r  c o e f f i c i e n t s .  Indeed t h a t  e r r o r  vec to r  

which w i l l  dominate asymptot ica l ly  may have such low c o e f f i c i e n t s  t h a t  

i t  does riot s u r f a c e  before  an acceptab le  s o l u t i o n  is  obta ined ,  bu t  

another  with a smaller eigenvalue w i l l .  

When t h e  i t e r a t i v e  behavior  of  a problem i n d i c a t e s  t h a t  an 

asymptotic mode has e s t a b l i s h e d ,  ail e x t r a p o l a t i o n  is done on s e t s  o€ the  

o u t e r  i t e r a t i o n  f l u x  va lues .  

Consider t h e  o u t e r  i t e r a t i o n  problem i n  t h e  form 

1 
@n+l = (Gn + 

XFN, 9 

n 

o r  i n  t h e  a l t e r n a t i v e  form 

(716-44) 

(716-45) 

... 
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Note t h a t  an e r r o r  from t h e  est imated value of  t he  m u l t i p l i c a r i o n  

f a c t o r  en te r s  t h e  problem d i r e c t l y  s i n c e  t h e  t r u e  value k 

This i t e r a t i v e  process  may be expressed as 

i s  not  known. e 

(716-46) 

where M is t h e  i t e r a t i o n  mat r ix .  Mn depends on t h e  l a t e s t  e s t ima te  of 

the  problem eigenvalue,  t h e  m u l t i p l i c a t i o n  f a c t o r  f o r  t h e  usual  type of 

e igenvalue problem o r  t h e  eigenvalue of the  d i r e c t  search  problem. For 

a process which converges t o  a s o l u t i o n ,  t h e  l a r g e s t  e igenvalue of M 

must tend t o  u n i t y ;  t h e  opera t ion  MmGm must r e t u r n  $m. 

n 

I t  i s  asswiied t h a t  t h e  o u t e r  i t e r a t i o n  f l u x  vec to r  can be expanded 

i n t o  a s e t  of l i n e a r l y  independent e r r o r  v e c t o r s ,  

Cp,--$,= Q n E, + O  n' (7 16-47] 
n 

R=m 
and On i s  a r e s i d u a l  e r r o r  uu where Qn has d iagonal  e n t r i e s  

(assoc ia ted  wi th  the  eigenvalue estima:e), hopeful ' ly s m a l l  and decreas-  

i ng  as n inc reases .  E, i s  the  i n i t i a l  e r r o r  vec to r ,  and t h e  

r ep resen t  e igenvalues  of t h e  e r r o r  v e c t o r s ,  e igenvalues  of t he  i t e r a t i o n  

matr ix  M . 

Q , j  

11 

The s i n g l e  e r r o r  mode extrapolat . ion procedure i s  based on one 

e r r o r  vec tor  dominating asymptot ica l ly  a t  each space  energy p o i n t  

(716-48) n x .  - Xi,m := aiv 1 , n  

where a 

vec to r .  This recurs ion  r e l a t i o n s h i p  y i e l d s  t h e  expression f o r  t h e  

eigenvalue 

i s  a cons tan t  and p t h e  eigenvalue o f  t he  dominating e r r o r  i 
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x -  i , n  ' i ,n- l  
' i ,n- l  'i,n-2 ' P =  - (716-49) 

and t h e  e x t r a p o l a t i o n  equat ion t o  be appl ied  is 

Xi,- = X i , n  + b(X i , n  - ' i ,n- l  1 -  

where 

(71 6 - 50) 

A l t e r n a t i v e l y ,  i t e r a t e  values  spaced two i t e r a t i o n s  a p a r t  may be 

used by proper ly  determining t h e  e x t r a p o l a t i o n  f a c t o r .  

is w r i t t e n ,  we use 

A t  t h e  time t h i s  

where 

The dependence o f  t h e  e x t r a p o l a t i o n  f a c t o r  [ f o r  E q .  (716-SO)] is 

shown i n  Fig.  (716-3). 

Thus, t h e  asymptot ic  s i n g l e - e r r o r  mode e x t r a p o l a t i o n  procedure 

uses information from t h r e e  succeeding o u t e r  i t e r a t i o n  f l u x  values  t o  

g ive  a s i n g l e  f a c t o r  app l i ed  t o  t h e  most r ecen t  f l u x  values  and those  

from two o u t e r  i t e r a t i o n s  back t o  d r i v e  t h e  i t e r a t e  es t imates  toward an 

apparent  s o l u t i o n .  

which dominates asymptot ica l ly ,  o r  one which dominates a t  any s t a g e  of 

t h e  c a l c u l a t i o n .  

The scheme is used t o  e l imina te  an e r r o r  vec to r  
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F i g .  716-3. Dependence of the  Ex t rapo la t ion  Fac tor  on the S i n g l e  
E r ro r  Eigenvalue. 
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O f  c r i t i ca l  importance are  (1) determining when one e r r o r  vec to r  

... 

dominates, and (2)  producing a good estimate of t h e  eigenvalue of t h e  

dominating e r r o r  vec to r .  

The s ing le -e r ro r  mode process  is  r e s t r a i n e d .  A maximum value  f o r  

b of 75 i s  used. 

of nega t ive  f l u x  va lues  i f  a l l  iterate va lues  are p o s i t i v e  and a l s o  

l i m i t s  t h e  inc rease  i n  va lue  from t h e  e x t r a p o l a t i o n s ,  

A restraint i s  imposed which prevents  the c a l c u l a t i o n  

(716-52) 

The equat ions  are programed t o  account f o r  nega t ive  f l u x  va lues  when 

c a l c u l a t e d  and any change i n  s i g n  of t h e  va lue  of a f l u x  a t  a po in t .  

The asymptot ic  two-error-mode e x t r a p o l a t i o n  procedure i s  less clear ly  

def ined.  Bas i ca l ly ,  i t  i s  assumed t h a t  the composite error vector i s  given 

bY 

This  r ecu r s ion  r e l a t i o n s h i p  l eads  t o  t h e  equat ion 

'n R-L 
'n 'n- I 

P ( ( 1 . 0 f b  + - ) = b n l + - ,  - n (716-53) 

where is  def ined  above. A t  some s t a g e  i n  t h e  c a l c u l a t i o n ,  i t  i s  as- 

sumed t h a t  t h e  i n d i v i d u a l  e r r o r  vec to r s  c o n t r i b u t e  i n  such a way t h a t  

t h e  va lues  of b 

n 

and qn are n e a r l y  independent of t h e  o u t e r  i t e r a t i o n  n. n 

... 
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When s o  independent,  

Note t h a t  a t e s t  f o r  s i g n j f i c a n c e  can be made on t h e  denominator o f  t h e  

equat ion f o r  q . 
f o r  t h e  s i n g l e - e r r o r  mode. 

In any event ,  qn = 0 d e f a u l t s  t he  equat ions to those  
11 

The asymptotic two-error-mode ex t r apo la t ion  equat ion is  

(716 -55) 

appl ied  t o  each f l u x  va lue .  

t h a t  t h e  eigenvalues o f  t he  two dominating e r r o r  vec tors  may be a complex 

conjugate  set. The r a t h e r  i n d e f i n i t e  s t a t e  of the c o n t r i b u t i o n s  from the  

ind iv idua l  e r r o r  vec tors  which are r equ i r ed  f o r  t he  procedure t o  be 

e f f e c t i v e  i s  a d i s t i n c t  disadvantage.  

An a t t r a c t i v e  f e a t u r e  of t h i s  procedure is 

The c r i - t e r i a  which a r e  used t o  assess e r r o r  vec to r  dominance inc lude  

tha t  t he  ou te r  i t e r a t i o n  process  be convergent.  Using t h e  eigenvalue 

e s t ima te  p o r  1-1 i f  Chebyshev a c c e l e r a t i o n  i s  done, w e  r e q u i r e  
* ' , O >  n , l  

< 0.99999,  Wn 

< 1.025, for m = n and n- l ,  
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and i f  Chebyshev a c c e l e r a t i o n  i s  done on ou te r  i t e r a t i o n ,  we a l s o  r e q u i r e  

t h e  va lue  of V. 

t i o n s  t o  be < 1.0.  

ou te r  i t e r a t i o n  process  i s  judged t o  be not  convergent,  over-accelerated 

a f t e r  a l lowing t h e  de l ays  i n  assessment ,  

c a l c u l a t e d  f rom the  max, min f l u x  r a t i o s  on ou te r  i t e r a -  n 

If Un < 1.0 and t h e  o the r  c r i t e r i a  a re  s a t i s f i e d ,  the 

F i r s t  p r i o r i t y  is given t o  t h e  double-error-mode procedure,  

appl ied  when t h e  fo l lowing  c r i t e r i a  are s a t i s f i e d ,  u s i n g  values from 

Eq.  (716-54) 

pn < 0.99999 

< 1 . 2  , bn + qn 

bn-l  + qn-1 
0 . 8  < 
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In add i t ion ,  a new va lue  f o r  bn i s  obtained from 

(716-56) 

and t h e  ex t r apo la t ion  is  done only i f  

b ’  n 0.5 < - < 1.5 . 
bn 

The bi1 i s  used i n s t e a d  of  bn. 

procedure,  appl ied  when i t s  c r i t e r i a  a r e  s a t i s f i e d .  

Defaul t  i s  t o  the  s ingle-error-mode 

The same restraints  a r e  appl ied  t o  the  f l u x  valucs  as f o r  t h e  

s ingle-error-mode process-  

Ext rapola t ion  i s  allowed only a f t e r  t h e  i n i t i a l  s e t  de lay  i n  o u t e r  

i t e r a t i o n  count ,  and a f t e r  t h e  s e t  delay fol lowing any major change i n  

t h e  process ,  as when ex t r apo la t ion  is  done, o r  parameters a r e  changed as 

discussed e a r l i e r .  Otherwise, t h e  procedure involves  a continuous check 

011 t h e  i t e r a t i v e  behavior f o r  condi t ions  al lowing ex t r apo la t ion .  After 

ex t r apo la t ion ,  t h e  ove r re l axa t ion  c o e f f i c i e n t s  a r e  not  permit ted t.o be 

ad jus ted  f o r  t h e  s e t  delay of 5 o u t e r  i t e r a t i o n s ;  when t h e  Chebyshev 

a c c e l e r a t i o n  process  i s  used,  it i s  r e s t a r t e d  whencver ex t r apo la t ion  i s  

done. 

When the minimum number of inner  i t e r a t i o n s  2 4 ,  t he  selection 

of the number of i nne r  i t e r a t i o n s  a t  each group is  reassessed only 

when forced extrapolation, discussed below,  is done: 

r e s  t r a i n e d  t o  

(7 16- 5 7 1 
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where 

.... 

L -I 

and p (g) i s  determined a t  each group by E q .  (716-30) .  
11 

If any p,(g) > 0.99999, e x t r a p o l a t i o n  i s  n o t  done and t h e  

o v e r r e l a x a t i o n  coef f ic ien t  f o r  t h a t  group i s  reduced. 

It is possible t o  do s imul taneous  Chebyshev a c c e l e r a t i o n  and 

e x t r a p o l a t i o n ,  by r e d e f i n i n g  t h e  Chebyshev a c c e l e r a t i o n  parameters  t o  

f '  n 

s i n g l e  e r r o r  mode on s u c c e s s i v e  se t s ) ,  o r  

b + (1.0 + b )  f n  , g: = (1.0 + 1,) gn + q , f o r  double  e r r o r  mode !or 

f:, = (1.0 + p )  f n  + p ;  g; = (1 .0 + p)  gn + p ,  

f o r  s i n g l e  e r r a r  mode e x t r a p o l a t i o n  on a l t e r n a t e  s e t s ,  and t h i s  i s  done w i t h  

one i t e r a t i o n  de l ay  a f t e r  the parameters  s a l - i s f y  c r i t e r i a  f o r  asymptot ic  

b e h a v i o r .  

Forced E x t r a p o l a t i o n  

A scheme of f o r c e d  e x t r a p o l a t i o n  i s  used i n  t h e  event  t h a t  t h e  c r i t e r i a  

f o r  o t h e r  schemes of a c c e l e r a t i o n  on o u t e r  i t e r a t i o n  have n o t  been sa t i s -  

f i e d .  A f t e r  t h e  set d e l a y ,  o u t e r  i t e r a t i o r _  convergence c r i t e r i a  must b e  

s a t i s f i e d ,  and t h e s e  are t e s t e d  a g a i n  f i v e  i t e r a t i o n s  l a te r  i f  t h e  tests 

f a i l .  

and o v e r a l l  based on t h e  L norm, Eq.  (716-30), u s i n g  t h r e e  s u c c e s s i v e  

o u t e r  i t e r a t e  f l u x  v a l u e s .  I f  a 1-1 (g> 0.99999,  t h e  a s s o c i a t e d  over- 

r e l a x a t i o n  C o e f f i c i e n t  i s  reduced by Eq. (716-23),  and i f  the o v e r a l l  

E s t i m a t e s  are made o f  t h e  e r r o r  v e c t o r  e i g e n v a l u e s  a t  each group 

1 

n 

estimate of 1-1 < 61.99999, s i n g l e  e r r o r  mode e x t r a p o l a t i o n  i s  done. The n 
e s t i m a t e  of t h e  o u t e r  i t e r a t i o n  e r r o r  v e c t o r  e i g e n v a l u e  i s  used t o  i n i t i a l - .  

i z e  t h e  Chebyshev a c c e l e r a t i o n  procedure  when no estimate o f  t h e  t o p  of 

t h e  spectrum i s  a v a i l a b l e ,  as from t h e  i a j t i a l i z a r i o n  one-dimensional 

problem. Forced e x t r a p o l a t i o n  may a g a i n  b e  done a f t e r  t h e  set  d e l a y  f o l -  

lowing any e x t r a p o l a t i o n ,  b u t  not: i f  Chebyshev a c c e l e r a t i o n  i s  i n  p r o g r e s s .  
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Estimating t h e  Eigenvalue 

Af t e r  each o u t e r  i t e r a t i o n ,  each f u l l  sweep of  t h e  mesh p o i n t s ,  

If t h e  t h e  eigenvalue i s  est imated from an o v e r a l l  neutron balance.  

p o i n t  neutron balance equat ions a r e  summed, t h e  s c a t t e r i n g  and i n t e r n a l  

leakage terms cancel  leav ing  only product ion,  s u r f a c e  leakage and 

absorp t ion  (plus  buckling and i n t e r n a l  b l a c k  absorber  l o s s )  terms. 

Therefore ,  for t h e  usual  e igenvalue problem, 

(716-58) 

whese Pn r e f e r s  t o  t h e  t o t a l  neutron product ion r a t e ,  and Ln t o  t h e  

neutron absorp t ion  r a t e  p lus  t h e  su r face  leakage r a t e ,  each determined 

f o r  ou te r  i t e r a t i o n  n .  

used t h e  next  o u t e r  i t e r a t i o n  except when o u t e r  i t e r a t i o n  a c c e l e r a t i o n  

is done, o r  Cbebyshev acceleration is done ,  or in the early history. 

This estimate of  t h e  m u l t i p l i c a t i o n  f a c t o r  i s  

In t h e  event  t h a t  t h e  sum of  t h e  d i s t r i b u t i o n  func t ion  f o r  source 

neutrons i s  no t  u n i t y  f o r  one o r  more zones, then  t h e  t o t a l s  must be 

appl ied  t o  t h e  t o t a l  product ion r a t e ,  

(716 - 59) 

Calcu la t ions  o f  t h e  l o s s e s  t o  i n t e r n a l  black absorber  r eg ions ,  

inleakage from adjacent  reg ions ,  p re sen t s  a b i t  of  a problem. 

a s i g n i f i c a n t  c o s t  i n  computer time, t h i s  con t r ibu t ion  t o  t h e  o v e r a l l  

neutron balance is  approximated as a c a l c u l a t i o n  proceeds which 

involves  use o f  a l l  t h e  l a t e s t  p o i n t  f l u x  values  a v a i l a b l e ,  but  some 

p o i n t  f l u x  values  have not  y e t  been r e c a l c u l a t e d  f o r  t h e  last  i n n e r  

'To avoid 
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i t e r a t i o n ,  The e f f e c t  of t h i s  approximat ion  h a s  been found t o  b e  i n -  

s i g n i f i c a n t  f o r  u s u a l  s i t u a t i o n s  where t h e  t o t a l  b l a c k  a b s o r b e r  c o n t r i b u t i o n  

i s  a s m a l l  p a r t  of t h e  t o t a l  n e u t r o n  l o s s e s .  

For  t h e  f i r s t  i t e r a t i o n ,  t h e  estimate o f  k i s  se t  t o  u n i t y  ( l a c k i n g  

o t h e r  d a t a ,  as from a preceding  c a s e ) ,  and f o r  the subsequent  i t e r a t i o n s  

i t  h e l d  a t  t h e  i n i t i a l  v a l u e  u n t i l  

kn - kn-l  < 0.05 , o r  
ko - k n 

I E  I < 8 t i m e s  r e q u i r e d  convergence,  

where k is  the v a l u e  used f o r  t h e  f i r s t  i t e r a t i o n  and k i s  t h e  v a l u e  

c a l c u l a t e d  for i t e r a t i o n  n.  T h e  f i r s t  i t e r a t i o n  t h a t  t h e  i n i t i a l  v a l u e  

i s  n o t  used ,  1 (ko 4- k ) i s  used .  

4 

0 n 

'1 n - 
L 

The estimate of k used 

s o u r c e  r a t i o  shown below b u t  

n 

X = - - - '  1 1 

kn-l  n-2 

n o t h i n g  i s  done i f  X < 10 

k 

- 8  

i f  cx > 1.0,  s e t  t o  -1.0 

i f  a > 0 ,  se t  t o  0 .  

if c1 < -1 .0,  set t o  -1.0 

t h e n  t h e  a d j u s t e d  v a l u e  i s  

when Chebyshev a c c e l e r a t i o n  is  done i s  from t h e  

modi f ied  t o  dampen o s c i l l a t i o n .  Cons ider ing  
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For t h e  a d j o i n t  e igenvalue problem, t h e  o u t s c a t t e r i n g  and 

removal terms do no t  cance l .  Therefore ,  t h e  o v e r a l l  neutron balance 

equat ion i s  complicated,  and it would be expensive i n  computer time t o  

apply an o v e r a l l  neutron balance.  

problem is  so lved  a f t e r  a r e g u l a r  problem, t h e  a v a i l a b l e  estimate o f  

k from t h e  l a t t e r  i s  used. When the a d j o i n t  problem i s  done alone, or  

whenever Chebyshev a c c e l e r a t i o n  i s  done, t h e  source r a t i o  estimate i s  

used except i n  the e a r l y  h i s t o r y ,  

So when t h e  a s soc ia t ed  a d j o i n t  

e 

k P  

n- 1 
k ~ . n - l  

11 P ( 7  16-60) 

This formulat ion i s  a l s o  used when so lv ing  t h e  c o n s i s t e n t  Pl equat ions 

o r  on u s e r  op t ion .  

We have a l s o  experimented with o t h e r  schemes t o  e s t ima te  t h e  

eigenvalue of  t h e  problem. An a t t r a c t i v e  formulat ion i s  the e s t ima te  

(716-61) 

when s p e c i a l  access  of  t h e  Flux values  i s  not  r equ i r ed ,  which i s  the  case 

when Chebyshev a c c e l e r a t i o n  i s  done on o u t e r  i t e r a t i o n s ;  he re ,  a mat r ix  

form i s  used t o  i n d i c a t e  sums o f  t h e  pointwise products .  Another 

scheme w e  have t e s t e d  amounts to  t h e  assumption t h a t  the f i r s t  energy 

group f l u x  values  a r e  a reasonable  approximation o f  an a d j o i n t  weighting 

f a c t o r .  Saving these  by zone from t h e  previous i t e r a t i o n  and applying 

t h e  weighting, 

(716-62) 
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Some m i g h t i n g  of two o r  more v a l u e s  o b t a i n e d  by d i f f e r e n t  ways 

rnli&t p rove  t o  b e  s u p e r i o r ,  o r  one of them i n  a s p e c i f i c  a p p l i c a t i o n  

area, b u t  such h a s  n o t  been e s t a b l i s h e d .  (Oh f o r  more coiiiplett? 

t h e o r e t i c a l  a n a l y s i s ! )  

For  o t h e r  t y p e s  of e i g e n v a l u e  problems,  t h e  d i r e c t  s e a r c h e s ,  t h e  

o v e r a l l  neut ron  b a l a n c e  y i e l d s  an  estimate of t h e  e i g e n v a l u e  ~ 

( 7 1 6  -6 3)  

where t h e  new t e r m s  AP and AA are p r o d u c t i o n s  and losses a s s o c i a t e d  

w i t h  t h e  changes i n t r o d u c e d  through t h e  s e a r c h  parameter .  G e n e r a l l y  a 

A of ze ro  means none of t h e  material t o  b e  a d j u s t e d  i s  added t o  t h e  

system: t h e  e x c e p t i o n  i s  t h e  b u c k l i n g  s e a r c h  where t h e  s p e c i f i e d  b u c k l i n g  

term i s  i n i t i a l l y  inc luded  i n  t h e  e q u a t i o n  c o n s t a n t s ,  s o  t h e  s e a r c h  i s  

done on t h e  changes t o  i t  ~ z e r o  A meaning no change. 

n n 

To avoid  t r o u b l e  w i t h  i n i t i a l  e r r o r  modes, a change which i s  

less than  ind ica t ed  by Eq.  (716-63) is  introduced dur ing  the early 

i t e r a t i o n s .  L e t  A* be t h e  v a l u e  c a l c u l a t e d  from E q .  (716-60) and X 

be t h e  v a l u e  used t h e  p r e v i o u s  i t e r a t i o n ;  t h e  f o r m u l a t i o n  used i s  

n--1 

A =  + Cn(A* - A ) , (716-64) n ‘n-1 n- 1 

where C i s  i n i t i a l i z e d  a t  a s m a l l  v a l u e ,  s a y  0 .1 ,  and is doubled a f t e r  

each t i m e  i t  is  used u n t i l  i t  exceeds u n i t y ,  a f t e r  which the estimate of 

X g i v e n  by E q .  (716-61) i s  used d i r e c t l y .  In t h e  event  t h a t  t h e  system 

h a s  a v e r y  l o w  m u l t i p l i c a t i o n  f a c t o r ,  E q .  (716-63) t e n d s  t o  b e  an 

overestimate.:  t h e r e f o r e ,  i f  kn/ke < 0.5,  where k 

Eq. (716-58), t h e  f a c t o r  C of E q .  (716-64) i s  n o t  i n c r e a s e d ,  n o r  i s  i t  

n 

.is determined from n 

n 
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i n c r e a s e d  d u r i n g  t h e  f i r s t  €ew i t e r a t i o n s  i f  0 .95  < k /k < 1.05.  Other  

t e c h n i q u e s  have been used ,  as t o  dampen o s c i l l a t o r y  b e h a v i o r .  However, 

i t  is  q u i t e  impor tan t  t h a t  a s y m p t o t i c  e x t r a p o l a t i o n  b e  al lowed;  t h i s  

r e q u i r e s  t h a t  t h e  d e t a i l e d  t r e a t m e n t  of each i t e r a t i o n  b e  i d e n t i c a l ,  

a f t e r  t h e  e a r l y  h i s t o r y ,  o r  e x t r a n e o u s  e r r o r  v e c t o r s  w i l l  b e  i n t r o d u c e d .  

n e  

S p e c i a l  c a r e  must o f t e n  b e  t a k e n  when t h e  i t e r a t e  estimate of t h e  

s e a r c h  problem e i g e n v a l u e  i s  n e g a t i v e .  T h i s  c a u s e s  a n e g a t i v e  

c o n t r i b u t i o n  t o  b e  added t o  t h e  a b s o r p t i o n  a t  a p o i n t ,  d e c r e a s i n g  t h e  

d i a g o n a l  dominance. Thus,  f o r  a s u b c r i t i c a l  system, one having an  

a s s o c i a t e d  k c o n s i d e r a b l y  l e s s  t h a n  u n i t y ,  t h e  s o l u t i o n  f o r  a d e s i r e d  

k of u n i t y  of a r e c i p r o c a l  v e l o c i t y  s e a r c h  i n v o l v e s  a n e g a t i v e  v a l u e  of 

A .  A t  s o l u t i o n  t h e  n e g a t i v e  a b s o r p t i o n  c o n t r i b u t i o n  froill t h e  A ( l / v )  

term may exceed t h a t  from the sum of o u t s c a t t e r  and a b s o r p t i o n ,  even a t  

s o l u t i o n .  During t h e  i t e r a t i v e  p r o c e s s ,  i f  n o t  c o n t r o l l e d ,  n e g a t i v e  

p o i n t  f l u x  v a l u e s  could b e  o b t a i n e d .  The t e c h n i q u e  used f o r  c o n t r o l  i s  

t o  de te rmine  t h o s e  v a l u e s  of A which c a u s e  t h e  t o t a l  removal t e r m  w i t h  

and w i t h o u t  t h e  d i f f u s i o n  coupl ing  t e r m s  t o  b e  z e r o .  Then t h e  i t e r a t e  

estimate of A i s  al lowed t o  move o n l y  s lowly  from one v a l u e  t o  t h e  

e 

e 

o t h e r ,  and no n e g a t i v e  p o i n t  f l u x  can b e  o b t a i n e d .  

The I n d i r e c t  Search 

Cons ider  t h a t  t h e  r e s u l t s  are a v a i l a b l e  for  two succeeding  

problems,  namely, t h e  m u l t i p l i c a t i o n  f a c t o r s  a s s o c i a t e d  wi th  two 

c o n d i t i o n s  r e p r e s e n t i n g  d i f f e r e n t  c o n t r i b u t i o n s  from t h e  s e a r c h  

parameters. 'Then use i s  made of  t h e  f o r m u l a t i o n  

1 A =  C 2  - k  (716-65) 
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where C and C2 are cons t an t s  t o  eva lua te ,  k i s  t h e  m u l t i p l i c a t i o n  1 

f a c t o r ,  and h i s  t h e  search  problem eigenvalue.  

assumed t o  f a i l  if IC [ > L O 4  as c a l c u l a t e d ,  o r  i f  t h e  es t imated  search  

eigenvalue exceeds e i t h e r  of  t h e  f irst  two va lues .  

l i n e a r  approximation i s  used which g ives  t h e  new es t ima te ,  

Equation (716-65) i s  

2 

In  t h i s  event ,  a 

(716 - 66) 

where k 

and i refers t o  t h e  index on t h e  eigenvalue problem loop. 

i s  t h e  d e s i r e d  va lue  o f  t h e  m u l t i p l i c a t i o n  f a c t o r ,  o f t e n  u n i t y ,  e 

A t h i r d  e igenvalue  problem is  then  so lved .  Given t h r e e  states and 

t h e  a s s o c i a t e d  va lues  f o r  t h e  m u l t i p l i c a t i o n  f a c t o r s ,  t h e  formulat ion 

used i s  

(716- 6 7) 

where C1, C2, and Cg are cons t an t s  t o  eva lua te .  Again s i g n i f i c a n t  

r e s u l t s  are r equ i r ed ,  o r  Eq. (716-66) i s  used i n  d e f a u l t .  

To al low o l d  r e s u l t s  t o  be used, an estimate i s  made of  t h e  change 

i n  m u l t i p l i c a t i o n  f a c t o r  with change i n  t h e  search eigenvalue 

(71 6 -68) 

and t h e  las t  s i g n i f i c a n t  va lue  of  t h i s  d e r i v a t i v e  ( ca l cu la t ed  dur ing  t h e  

process of an i n d i r e c t  s ea rch )  could be made a v a i l a b l e  i f  another  search  

problem of t h e  same type  were so lved .  
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' I l e  Fixed Source Problem 
- - - I _ _ ~  

A s p e c i a l  aspec t  must be considered i f  t he  procedurc f o r  so lv ing  

f ixed  source  problems is  t o  be e f f e c t i v e .  Given a f ixed  source ,  t h e r e  

i s  an a s soc ia t ed  neutron f l u x  l e v e l ,  provided t h e r e  i s  a s o l u t i o n .  This 

s o l u t i o n  may be far away from the condi t ions  used t o  i n i t i a l i z e  t h c  

problem. Quite  gene ra l ly ,  t h a t  e r r o r  con t r ibu t ion  which i s  ha rdes t  t o  

remove i s  a s soc ia t ed  with t h e  f l u x  l e v e l  being f a r  from s o l u t i o n .  

To remove t h i s  major e r r o r  con t r ibu t ion ,  t he  source  i s  sca l ed  dur ing  

the  i t e r a t i v e  c a l c u l a t i o n .  Af t e r  each o u t e r  i t e r a t i o n ,  an o v e r a l l  

neutron balance i s  used t o  e s t ima te  t h e  r equ i r ed  l e v e l  of  t h e  f i x e d  

source ,  

+ h S  = 'n n o n y  J, 

(716-69) 

L - P  

S 
n n 

7 

0 

h =  n 

where P 

t o t a l  f i x e d  source .  

t h e  t o t a l  source ,  

i s  t h e  f i s s i o n  source  r a t e ,  L n n i s  tLhe lo s s  r a t e ,  and So is  t h e  

The f a c t o r  hn determined above is  a m u l t i p l i e r  on 

(7 16- 70) 

and t h e r e f o r e  on t h e  ind iv idua l  components o f  i t .  

Upon completion of t h e  problem, t h e  s o l u t i o n  f l u x  values  are sca l ed  

t o  g ive  t h e  s o l u t i o n  a s soc ia t ed  with t h e  s p e c i f i e d  f ixed  source .  'This 

procedure app l i e s  i n  any s i t u a t i o n  where t h e r e  i s  no feedback i n t o  t h e  

problem. Note t h a t  t h e  procedure allows the source  t o  go negat ive  i f  s o  



716-57 

c a l c u l a t e d  as necessary ,  

nega t ive  source  i s  r equ i r ed  f o r  t h e  s i t u a t i o n  p resen ted ,  and t h i s  i s  

g e n e r a l l y  deemed no t  accep tab le .  

The r e s u l t  of a c a l c u l a t i o n  may be  that a 

When there are n e g a t i v e  f i x e d  source  va lues ,  the f a c t o r  i s  he ld  

f i x e d  f o r  10 i t e r a t i o n s  a t  

h = 1.0 , (7 16-7 1) n 

and once nea r  convergence i s  aga in  he ld  f i x e d  (h = i f  t h e  c a l c u l a t e d  

re la t ive change i s  < 1 0  
n hn-l 

-4 
). 

Also  f o r  fixed source  problems which have n e g a t i v e  sou rce  terms, the 

po in t  f l u x  va lues  are allowed t o  go nega t ive  and s c a l i n g  of t h e  sou rce  i s  

cons t r a ined  t o  a p o s i t i v e  f a c t o r ,  hn > 0. 

of the f l u x  f o r  t h e s e  problems, Sec. 718. 

Note t h e  s p e c i a l  i n i t i a l i z a t i o n  

Ex t r ap o l a  t ed-3 ue  - 

mien e x t r a p o l a t i o n  i s  done of t h e  f l u x  va lues  some o u t e r  i t e r a t i o n  

n ,  a new estimate i s  made of  t h e  problem e igenvalue .  I f  t h e  f l u x  va lues  

have been d r iven  wi th  t h e  e x t r a p o l a t i o n  f a c t o r s  b and q ,  then  t h e  summed 

neut ron  product ion  and e x t e r n a l  l o s s  t e r m s  f o r  t h e  asymptotic s i t u a t i o n  

are  

and t h e  e igenvalue  es t imated  from t h i s  ex t r apo la t ed  data ,  When t h e  

f l u x  va lues  are  driven. w i th  a l t e r n a t e  i t e r a t e  va lues ,  the  appropr i a t e  

equat ions  are 

- p  1 , n n-2 p co = Pn + p(P 

Lw = Ln + p(Ln - 14 ) . n- 2 (71 6-73) 
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The l a t t e r  p r o c e d u r e  i s  e s p e c i a l l y  u s e f u l  when the  b e h a v i o r  i s  

o s c i l . l a t o r y .  I f  t h e  maximum re l a t ive  f l u x  change f o r  the l a s t  i t e r a t i o n  

exceeded 10 p e r c e n t ,  o n l y  h a l f  of the changes i n  p and i n  I; f r o m  the 

extrapolation are used .  

END OF SECTION 
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Section 717: Optimum Number of Inner I t e r a t i o n s  

..- . 

The c a l c u l a t i o n a l  procedure  i n v o l v e s  i n n e r  i t e r a t i o n  on t h e  f i x e d  

s o u r c e  problem a t  e a c h  d i s c r e t e  n e u t r o n  energy  (each group) .  From 

among a l a r g e  number of p o s s i b i l i t i e s ,  w e  s e e k  an  optimum i n  t h e  s e n s e  

of minimizing t h e  c o s t  of s o l v i n g  a problem w i t h  emphasis on t h o s e  t y p e s  

of problems most r e p r e s e n t a t i v e  of a p p l i c a t i - o n .  

l a r g e  three-d imens iona l  problems and a l s o  r e a c t o r  core problems of modest 

s i z e  t r e a t i n g  one,  two o r  t h r e e  d imens ions ,  c e l l  problems,  and c r i t i c a l -  

i t y  s e a r c h  problems,  t r e a t i n g  from a few t o  many energy  groups .  

t h e  s o l u t i o n  i s  f a r  from t h e  i n i t i a l  estimate of t h e  f l u x  d i s t r i b u t i o n .  

Also of considerab1.e i n t e r e s t  is  t h e  c lass  of problems where t h e r e  are 

r e l a t i v e l y  s m a l l  changes from one problem t o  t h e  n e x t ,  as i n  long-time 

exposure  ( d e p l e t i o n )  a p p l i c a t i o n ,  and a r e l a t i v e l y  good s o l u t i o n  i s  

a v a i l a b l e  f o r  a succeeding  f l u x ,  e i g e n v a l u e  problem. 

These i n c l u d e  r a t h e r  

U s u a l l y  

Minimizing computer c o s t  may w e l l  r e q u i r e  assessment  of  t h e  a l -  

gor i thm f o r  a l l o c a t i n g  c h a r g e s  and performance c h a r a c t e r i s t i c s  of t h e  

p a r t i c u l a r  computer i n  u s e .  

w i t h  d a t a  t r a n s f e r  must q u i t e  g e n e r a l l y  be k e p t  down, which r e q u i r e s  

t h a t  an e f f e c t i v e  procedure  be used f o r  d a t a  t r a n s f e r ,  t h a t  an e f f e c t i v e  

mode b e  used t o  b a l a n c e  computer memory and d a t a  t r a n s f e r ,  which may w e l l  

depend on t h e  rates of computat ion and d a t a  t r a n s f e r ,  and t h a t  t h e  d a t a  

t r a n s f e r  b e  e f f i c i e n t .  

Here w e  g r a n t  t h a t  t h e  c o s t  a s s o c i a t e d  

The major  concerns  are t h e  u s e  of a n  e f f e c t i v e  i n n e r  i t e r a t i o n  pro- 

c e d u r e ,  which i s  a d d r e s s e d  n e x t ,  and s e l e c t i o n  of a n  optimum number of  

i n n e r  i t e r a t i o n s  which i s  t h e n  addressed  c o n s i d e r i n g  i t e r a t i o n  b e h a v i o r  

and c o s t s .  
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Regardin& an g t i m u m  I n n e r  I t e r a t i o n  Procedure  - --- ...- - I.-- ..__... I_ 

It  i s  of i n t e r e s t  t o  examine t h e  t h e o r e t i c a l  b a s i s  for opt imiz ing  

t h e  i n n e r  i t e r a t i o n  p r o c e s s  i n  more d e p t h .  

l i n e a r l y  independent  e r r o r  v e c t o r s  a r e  real., i t  has been show3 t h a t  a 

l i n e a r  combinat ion may be taken  of t h e  Tterate e r r o r  v e c t o r s ,  a 

c h a r a c t e r i s t i c  polynomi-nal  resuI.ts which y i e l d s  t h e  s o l u t i o n ,  g i v e n  

s u f f i c i e n t  i t e r a t i o n s ,  and r h e  Chebyshev polynominal i s  a p p r o p r i a t e  

f o r  ad  j u s  t i n g  t h e  o v e r r e l a x a t i o n  c o e f f i c i e n t s .  

when t h e  e i g e n v a l ~ ~ l e s  of 

a 

There a re  two b a s i c  d i . f f L c u l t i e s  which l i m i t  the u t i l i t y  of t h e  

i n f o r m a t i o n  now avai - lab le  f rorn t h e o r e t i c a l  a n a l y s i s  o f  t h e  r e a c t o r  

problem i n n e r  i t e r a t i o n  p r o c e s s  a t  one group.  F i r s t  , c o n s i d e r  t h e  

probleiii 

0 = T O .  

i l l  t-h:~ s e n s e  of 

n n- L -+ TJS 

a n  e r r o r  v e c t o r  behavior ,  

where t h e  e i g e n v a l u e s  of t he  i t e r a t i o n  m a t r i x  T l i e  on t h e  main d iagonal  

of M. The i n f l u e n c e  of the  s tar t  of i n n e r  i t e r a t i o n s  e a c h  o u t e r  

i t e r a t i o n ,  and th<: -ear ly  b e h a v i o r  i s  of most i n t e r e s t  not t h e  asymptot ic  

behavi.or for n l a r g e ,  F u r t h e r  t h e r e  i s  t h e  b a s i c  probl-em t h a t  a n  asymptot ic  

a L. F. Richardson, P h i l o s ,  Trans.  Roy. Soc.  T.,oiidon, A Z I O  (1910). 
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... 

error beh.avior can n o t  e s t a b l i s h  u n t i l  s u f f i c i e n t  i t e r a t i o n s  have been 

.... 

done t o  e s t a b l i s h  f u l l  communication, t o  s w e e p  i n  t h e  boundary con- 

d i t i o n s ,  which r e q u i r e s  e s s e n t i a l l y  as many i t e r a t i o n s  a s  rows of p o i n t s  

w i t h  normal ordered  l i n e  r e l a x a t i o n .  The impact of t h i s  d e l a y  on t h e  

e a r l y  p r o c e s s ,  and of o t h e r  a s p e c t s  which a f f e c t  t h e  c o e f f i c i e n t s  of 

t h e  e r r o r  v e c t o r s ,  t h e  i n i t i a l  e r r o r  v e c t o r  i t s e l f ,  can n o t  si.niply 

b e  a s s e s s e d .  

The second d i f f i c u l t y  i s  t h a t  w i t h  t h i s  form of e r r o r  r e p r e s e n t a -  

t i o n ,  o v e r r e l a x a t i o n  of t h e  d i f f e r e n c e  e q u a t i o n s  r e s u l t s  i n  error v e c t o r s  

which a re  n o t  l i n e a r l y  independent .  I f  w e  c o n s i d e r  the  m a t r i x  N, i t  COR- 

t a i n s  p a i r s  o f  e i g e n v a l u e s .  Without o v e r r e l a x a t i o n  and u s i n g  o n l y  l a s t  

i terate  f l u x  v a l u e s ,  t h e r e  are p a i r s  of e i g e n v a l u e s  -t 11 . Using newly 

c a l c u l a t e d  v a l u e s  as  they beacme a v a i l a b l e ,  t h e  p a i r  becomes (11 ',O). 

With o v e r r e l a x a t i o n ,  f o r  8 = 1, t h e  p a i r  i s  s t i l l  (1-1 2 , 0 ) ,  2nd i n c r e a s i n g  

8 c a u s e s  t h e  two v a l u e s  t o  move t o g e t h e r  and b e  equal a t  t h e  optimum 

f o r  a i i x e d  v a l u e  of B o ,  (lo,A0). I n c r e a s i n g  f3 c a u s e s  t h e s e  t o  become 

a complex p a i r  ( a + i b ,  a - i b ) .  A t  t h e  optimum, t h e  submatr ix  of F1 

a s s o c i a t e d  w i t h  t h i s  p a i r  r e q u i r e s  an of f-diagonal. term 

- j  

j 

j 

a 

and t h e  p r o c e s s  goes as 

a D. M. Young, Trans.  h e r .  Math. SOC. 76 (1954).  
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o r  t h e  c o n t r i b u t i o n  t o  tile e r r o r  f o r  i t e r a t i o n  n is  

h n = 2Xn 4- n P .  ( 7  17-1) 

O f  c o u r s e  t h e r e  i s  n o t  an anomaly a t  6 = 6, ;  a p p l i c a t i o n  r e s u l t s  

show t h a t  e r r o r  r e d u c t i o n  i s  a smooth f u n c t i o n  through t h e  optimum. 

Thus i n  g e n e r a l  t h e  eigenval.ue d e f i c i e n c y  must b e  made up and t h e  

submatr ix  of M h a s  t h e  form 

over  t h e  range.  ( I n  what f o l l o w s ,  e v e r y t h i n g  should  probably  b e  m u l t i -  

p l i e d  by a 1-eading -, o r  a s s o c i a t e  a f a c t o r  of 2 m u l t i p l i e d  onto  t he  1 
2 

i n i t i a l  e r r o r  v e c t o r . )  For two r e d  v a l u e s ,  6 < C,, t h e  g e n e r a l  r e s u l t  

i s  9 
n n-k k-1 

k- 1 

n n h = A 1  + A2 .f C 1 1  h 2  , or  n 

(717-2 )  

whe-re p = A2/A1 .  For two imaginary v a l c e s ,  B > B o ,  we have t h e  s u b m a t r i x  

-1 where 0 = t a n  ( b / a ) ,  X ==da2+b2. 

s u c c e s s i v e  c o n t r i b u t i o n s  are  

h, = 2 

h l  = 2a + 1 = 2h cos0 + 1 

h2 = 2(a2 - b 2 >  f 2a = 2X2 cos20 1- 2Acos8, 
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. -. 

(717-3 )  

o r  i n  g e n e r a l  

h = 2Xncos(n0) + X 11-k + 2 1  c o s  (2j-k) 0 n j = l  

where k = 1 i f  n i s  even, 0 i f  odd, and [-] t r u n c a t e s  down. Note t h a t  

i f  B = B o  f o r  max X f o r  all o t h e r  X (3 > B 2 ,  so  a l l  t h e  o t h e r  e r r o r  

v e c t o r s  should  behave i n  t h i s  compl ica ted  f a s h i o n .  

a s p e c t  of t h e  o f f - d i a g o n a l  c o n t r i b u t i o n  when B>P0 i s  t h a t  the i n d i v i d u a l  

t e r m s  i n v o l v i n g  i n c r e a s i n g  a n g l e s  have p o s i t i v e  and n e g a t i v e  s i g n s  and 

hence tend t o  c a n c e l  ou t ,  e x c e p t  f o r  v e r y  s m a l l  0 o r  n ,  o r  as  n t a k e s  

on v e r y  l a r g e  v a l u e s .  As A .  d e c r e a s e s ,  8 i n c r e a s e s .  Thus i f  f o r  some 

A 6 i s  the optimum, f o r  a l l  o t h e r  X < X. 
j’ m J  

j’ 1’ 
An i n t e r e s t i n g  

J 

hn(m) = 2 @ - l ) n - 7  [f? + f ( e , n ) ] ,  

where f ( 0 , n )  i s  a symbolic  f u n c t i o n ,  and 

hn(m) 4 l i n ( j ) ,  n l a r g e r  t h a n  some r a t h e r  s m a l l  y a l u e .  The c o n t r i -  

b u t i o n s  from the e r r o r  v e c t o r s  a s s o c i a t e d  w i t h  a l l  X c o n t i n u e  t o  make 

a c o n t r i b u t i o n ,  b u t  t h i s  d e c r e a s e s  r e l a t ive  t o  that:  from max X . I f  

t h i s  were n o t  so ,  i t  would b e  p r a c t i c a l  t o  o c c a s i o n a l l y  make a sweep 

wi.thout o v e r r e l a x a t i o n  t o  c a u s e  t h e  c o n t r i b u t i o n  from those e r r o r  v e c t o r s  

m 

j 

having s m a l l  e i g e n v a l u e s  t o  b e  suppressed .  A p p l i c a t i o n  t e s t i n g  also 

[A,+-] 1 + x n +  
j. q - 1  2 1-P 

For p < P o ,  as n i n c r e a s e s ,  h 

[Al  + -1, 1 b u t  f o r  0 = 60, 
1-P 

c2 (B - 1) + n l  9 
n-1 h = (R - 1) n 

and t h e  o f f - d i a g o z a l  t e r m  dominates  f o r  n l a r g e .  

I f  w e  c o n s i d e r  t h e  ratio of t h e  e r r o r  c o n t r i b u t i o n  a t  one i t e r a t h o n  

t o  t h e  p r e v i o u s  one,  
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The e q u a t i o n s  and b e h a v i o r  f o r  n l a r g e  but not: t o o  l a r g e  are: 

I f  t h e  e i g e n v a l u e  p a i r  w e r e  real. and e q u a l ,  having t h e  v a l u e s  

( A j ,  X.) f o r  j > 0 and A ,  = 1, s u c c e s s i v e  o p e r a t i o n s  by ,  
S 

This  e x p r e s s i o n  p r o p e r l y  s i m p l i f i e s  when a l l  X are  e q u a l .  However, 

a n  a c c e p t a b l e  r e s u l t  i s  n o t  produced when t h e  p a i r  i s  complex c o n j u g a t e  
j 

because  t h e  operat i -on 

produces a d a n g l i n g  imaginary component. A r e s o l u t i o n  of t h e  d i s c r e p a n c y  

i s  not  known, 

The Chebyshev polynominals  are a p p r o p r i a t e  t o  mini-mize t h e  e r r o r  

c o n t r i b u t i o n  when t h e  e r r o r  v e c t o r s  are independent ,  i f  r e a l ,  

n 
h = IT X o r  i f  imaginary w i t h  t h e  o p e r a t i o n  

n j ’  j =a 



717-7 

a i f  account  is  t a k e n  of t h e  s i t u a t i o n .  The optiumum f o r  t h e  act:uaI. 

s i t u a t i o n  of t h e  i n n e r  i t e r a t i o n  p r o c e s s  of i n t e r e s t  i s  n o t  known due 

t o  complexi ty  from t h e  v e c t o r  d e f i c i e n c y .  

A s i m p l e  f ixed s o u r c e ,  homogeneous, no s ink ,  uniform mesh probl.em 

w a s  s o l v e d  by 01 ordered  l i ne  o v e r r e l a x t i o n .  E r r o r  1-evel. w a s  measured 

as t h e  sum of the a b s o l u t e  re la t ive  d i f f e r e n c e s  from t h e  resul.ts f o r  a 

well converged s o l u t i o n  d i v i d e d  by t h e  number of unknowns, a n  averagc? 

a b s o l u t e  re la t ive  e r r o r .  Resu l t s  a re  shown i n  Table. 717-1. For these 

cases t h e  f l u x  v a l u e s  were set e q u a l  a t  a reasonali1.e l e v e l  consider i .ng 

t h e  s o l u t i o n ;  the i n i t i a l  a v e r a g e  a b s o l u t e  r e l a t i v e  e r ror  was 2.96 f o r  

t h e  10 x 10 mesh and decreased  t o  1.05 f o r  t h e  100 x 100 mesh. Thes+? 

p r e d i c t e d  number of i t e r a t i o n s  were o b t a i n e d  by de termining  t h e  ad-  

d i t i o n a l  number of i t e r a t i o n s  r e q u i r e d  t o  reduce  t h e  error-  from Q.Ol~ 

t o  0.0001 (or  t o  0.001 l a c k i n g  s i g n i f i c a n c e )  assuming e r r o r  decay as 

max X f o r  N ,  normally X = ( B - l ) ,  and as  (6-1) (3-1 + n / 2 )  f o r  L ,  n n 

The behavior  is  s u b s t a n t i a l l y  as  expec ted ,  e x c e p t i n g  t h e  anoinaly 

i n  t h e  v i c i n i t y  of 3,000 meshpoints ,  which i s  a s s o c i a t e d  w i t h  initial. 

s u p p r e s s i o n  of t h e  e r r o r  v e c t o r  having t h e  l a r g e s t  e i g e n v a l u e ,  and the  

behavior  of t h e  l a r g e r  problems u s i n g  f3 s l i g h t l y  l a r g e r  than B C p  which 

we a d d r e s s  later.  For B 8,, r e l a t i v e l y  r a p i d  r e d u c t i o n  o f  t h e  c o n t r i -  

b u t i o n  from most o f  t h e  e r r o r  v e c t o r s  a p p e a r s  t o  c loud t h e  p i c t u r e  of 

how t h o s e  w i t h  the l a r g e r  e i g e n v a l u e s  behave. 

a L, A. Hageman, "The E s t i m a t i o n  of A c c e l e r a t i o n  Parameters  f o r  t h e  
Chebyshev Polynominal and t h e  S u c c e s s i v e  O v e r r e l a x a t i o n  I t e r a t i o n  
Methods ," Atomic Energy Commission Report  (.June 1972).  WARD-TM-1038 

... 



717-8 

Table 717-1, Behavior of t h e  I n n e r  I t e r a t i o n  Process  

2 Mesh P o i n t s  Max 1-( P o  
j 

Number o f  I t e r a t i o n s  B used P r e d i c t e d  t o  Reduce t h e  E r r o r  t o  
0.1 0.01 0.001 0.0001 N L ___ --.-__- 

10’ = 100 .85034 1.4421 1.0 1.3 27 42 41.2 

1.05 12 2 5 37 5 0 50.5 

1.4421. 4 8 1.1 15 13.6 14.3 

1.87 14 30 47 46.5 

1.881+4a 16 33 51 51.7 

1.9 17 38 58 59.9 

20‘ -- 400 .95631 1.6542 1.5772 10 22 33 4 5 44-7 

1.9‘ J;. 361 .95194 1.6404 1.6404 7 15 19 26 25.3 26.6 

1.6542 7 15 20 27 25.8 27.5 

21‘ = 441 .96010 1.6670 1.6670 8 I 6  21 28 27.3 28.7 

30’ = 900 ,97969 1.7505 1.7505 9 2 1  28 38 37.0 39.1 

402 = 1600 .98833 1.8050 1.8050 9 25 35 4 8 46.2 49.2 

50’ = 2500 .99244 1.8400 1.8400 9 7” 5 39 52 51.4 55.5 

602 = 3600 .99471 1.8644 1.68G4b 18 69 150 146.6 

1.8644 10 30 45 63 61.6 66.9 

70’ = 4900 .99609 1.. 8823 1.882.3 14 38 59 80 74.8 80.6 

80’ = 6400 .99700 1.8961 1.8691 21 46 72 9 4 88.2 94.4 

1.9 20 44 63 82 87.7 

89.5 95.6 81‘ = 6591 .99707 1.8973 1.8973 2 1. 47 73 96 

822 = 6724 .99714 1.8985 1.8985 22 48 74 97 91.0 97.4 

9 0 2  = 8100 .99762 1.9070 1.9070 26 55 83 108 102.2 109.0 

1.915 25 48 63 104 99.8 

1.92 24 47 77 102 102.2 

l oo2  = 10000 .99807 1.9.158 1.9158 31 63 94 122 115,3 122.8 

-- 1.85 56 14.5 227 234. 
a 

b 
R e a l  and imaginary components equal i n  magnitude. 

L a r g e s t  e i g e n v a l u e  t w i c e  t h e  smallest one 
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We cons ider  a reasonable  measure of convergence level t o  be t h e  max- 

imum relat ive i terate  f l u x  change. Data f o r  t h e  r e fe rence  cases (using 

8, )  are  giyen i n  Table 717-2 which shows t h e  average a b s o l u t e  r e l a t i v e  

f l u x  e r r o r  t o  be about a f a c t o r  of f i v e  less than  the  i terate  maximum 

r e l a t i v e  f l u x  change, bu t  decreas ing  s i g n i f i c a n t l y  f o r  the  l a r g e r  and 

more s lowly converging problems. The maximum e r r o r  would be expected 

t o  be cons iderably  l a r g e r  than  t h e  average. 

Applying t h e  Chebyshev polynominals t o  t h e  ove r re l axa t ion  coeE- 

f i c r e n t s  involves  t h e  formulat ion:  

1 . 0 ,  t = 1 i 
(717-5) 

Here t r e f e r s  t o  i n n e r  i t e r a t i o n  wi th  normal sweeps. With al 

order ing ,  t r e f e r s  t o  each sweep on a l te rna te  p o i n t s  s o  t h e  overrelax-  

a t i o n  c o e f f i c i e n t  is  ad jus ted  a t  t h e  s t a r t  of and midway through the  

inne r  i t e r a t i o n  sweep, the  so-called c y c l i c  Chebyshev procedure,  a 

The 50 x 50 meshpoint problem w a s  solved w i t h  a p p l i c a t i o n  of t h e  

Chebyshev polynominals, and wi thout  these ,vary ing  a f ixed  ove r re l axa t ion  

c o e f f i c i e n t  i n  the  neighborhood of B o .  Resu l t s  are shown i n  Table 717-3 

f o r  t h r e e  d i f f e r e n t  methods of a b s o l u t e  e r r o r  level measurement and wi th  

the level. of the  i n i t i a l  f l u x  values va r i ed .  Note t h a t  t h e  apparent  

optimum value of  i s  near  p, and t h a t  u s e  of a l a r g e r  v a l u e  does not  

.I... a R. S. Varga, Matr ix  I t e r a t i v e  Analysis ,  Pren t ice-Hal l  (1960) 
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Table  717-2. Comparison of Flux Change 
w i t h  Absolute  Convergence 

- 

Meshp o i n t  s 
~ - - -  

l o  

20 

SO * 
402  

50 

60 

i o  

BO2 

902 

100 

Ar i t hme t ic Av er age  

Average, Rn b a s i s  

-..- 

I .L  

Maximum I t e r a t i o n  R&at ive  Flux Change a t  
Average Absolute  R e l a t i v e  0- E ~ t w r  Levels  .- 

--I____ 

0.0001 
S l  

0.01 0.00s 

.052 

,038 

.035 

.047 

.10 

.10 

.15 

.037 

. O M  

.013 

,0037 

,0094 

.006l  

.0076 

.009B 

.0056 

.0037 

.0024 

,0014 

.0011 

.000L9 

.00034 

. 000 26 

.00042 

.0015 

.00094 

.00038 

-00024 

.00015 

.00010 

.059 

.046 

.0051. 

.0041 

.00045 

.00033 
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Table 717-3. E f f e c t s  of  t h e  Var i ab le s  on the  
Behavior of t h e  50 x 50 Meshpoint Problem 

P O  I n i t i a  
Flux 

R e  l a  t i v  I t e r a t i o n s  t o  E f f e c t  E r ro r  Level Reduction 

- 
i 

1.81005 

1.8 2005 

1.83005 

1.83505 

1.84005” 

1.84505 

1.85005 

1.85505 

1.86005 

1. 8400!ia 

1. S400fja 

1.84005” 

1.54005” 

1. 84005a 

4 

4 

4 

4 

4 

4 

4 

4 

4 

1 

15 

1 

4 

15 

I I 

. 01  .0001 1 . 01. . O O O l  I .01 . O O O l  

15 

15 

15  

1 7  

1 9  

20 

2 1  

21 

2 1  

38 

30 

33 

2 1  

25 

6 3  

57 

50 

48 

49 

SO 

50 

52 

56 

67 

61  

58 

50 

56 

Fixed Overre laxa t ion  Coef f i c i en t  

15  6 1  27 

15 57 26 

16  49 25 

1 7  49 25 

19 50 25 

20 52 25 

20 52 27 

21 55 29 

22 56 31 

39 69 35 

34 64 34 

Chebyshev Polynominals Applied 

34 59 27 

31  5 7 31  

28 57 30 

75 

69 

6 1  

57  

54 

5 2  

55 

59 

61 

65 

6 4  

54 

58 

58 

a. P = B o  

....... ~ 
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e f f e c t  tmprovement f o r  t h e  r e f e r e n c e  i n i t i a l i z a t i o n .  This  behavior  

is a s s o c i a t e d  w i t h  i n i t i a l  s u p p r e s s i o n  of one o r  perhaps  several. of t h e  

e r r o r  v e c t o r s  having t h e  l a r g e r  e i g e n v a l u e s  e The o t h e r  in i t ia : . i za  t - i m  

c o n d i t i o n s  show a g a i n  from use  of a v a l u e  of B 6,. 

Although t h e  e r r o r  r e d u c t i o n  e f f e c t e d  depends on how and when i t  

i s  measured, t h e s e  r e s u l t s  i n d i c a t e  a g a i n  from appl -y ing  the  Chebyshev 

polynominals  e x c e p t  f o r  t h a t  case where t h e  i n i t i a l i z a t i o n  appears  t o  

s u p p r e s s  t h e  e r r o r  v e c t o r  having  t h e  l a r g e s t  e i g e n v a l u e  (e igenvalue  

p a i r ) .  When s o  s u p p r e s s e d ,  t h e  optimum i s  a sma1.1.er v a l u e  r a t h e r  t h a n  

t h e  v a l u e  6, c a u s i n g  t h e  e i g e n v a l u e  p a i r  t o  c o a l e s c e ,  o r  t h a n  t h e  even 

l a r g e r  v a l u e s  which r e s u l t  from a p p l i c a t i o n  of the  Chebyshev polynominals .  

Shown below a r e  r e s u l t s  f o r  t h e  80 x 80 meshpoint problem as depend- 

e n t  on t h e  v a l u e  of a f i x e d  o v e r r e l a x a t i o n  c o e f f i c i e n t ;  only S I - i g h t l y  

d i f f e r e n t  r e s u l t s  w e r e  ob ta ined  u s i n g  d i f f e r e n t  measures of a b s o l u t e  

e r r o r  level.  

- -....---. ____ 
Fixed ~t er a t i o n s  R e  qu i r  ed- Ap p a r  e t i t  

O v e r r e l a x a t i o n  t o  Reduce E r r o r  Level t o  Decay 
Ip- 

. O O i K -  R a t e  
..__I 

.01 
-I 

C o e f f i c i e n t  - 
1.894 4 8  101 .9168 

1. 8961a 46 3 4  -9085 

1.898 45 8 7  , 8 9 6 2  

1.90 4 4  82 .8859 

1.901 4 3  80 .8830 

1.902 43 83  .8913 

1.904 4 2  89 .9067 

1.906 4 2  9 1. .9103 

1 .91  4 2  9 1  .9103 

1.92 49 104 .9197 
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The optimum is appayent ly  above t h e  coa le sc ing  va lue  Bo. It 

appears  t h a t  t h e  form of t h e  e r r o r  c o n t r i b u t i o n  shown above a d m i t s  a n  

optimum s l i g h t l y  l a r g e r  than  6,; a small increase i n  P causes  a r e l a t i v e l y  

l a r g e  i n c r e a s e  i n  0 .  

i n d i c a t e s  t h a t  a l a r g e  c o e f f i c i e n t  i s  e f f e c t i v e  i n  t h e  e a r l y  i t e r a t i v e  

h i s t o r y  f o r  b r ing ing  down the  e r r o r  level,  b u t  t h e  optimum f i x e d  va lue  

dec reases  a s  t h e  d e s i r e d  e r r o r  l e v e l  i s  decreased ,  e n t i r e l y  c o n s i s t e n t  

w i t h  t h e  a p p l i c a t i o n  of t he  Chebyshev polynominals. 

It is  noteworthy t h a t  applicat5-on t e s t i n g  u s u a l l y  

Some of t he  problems t r e a t e d  above were solved i n  s e v e r a l  ways 

a d j u s t i n g  t h e  o v e r r e l a x a t i o n  c o e f f i c i e n t  each i t e r a t i o n  applying t h e  

Chebyshev polynominals. Of s p e c i a l  i n t e r e s t  he re  is  a p p l i c a t i o n  when 

only a few inne r  i t e r a t i o n s  are used between new source  c a l c u l a t i o n s .  

We have become suspec t  of t h e  use of a va lue  of u n i t y  t h e  f i r s t  

i t e r a t i o n  and then a r e l a t i -ve  l a r g e  va lue ,  so t e s t i n g  was done 

omi t t i ng  t h e  usua l  f i r s t  two terms; we found t h a t  t h i s  caused a l i t t l e  

dec rease  i n  t h e  e f f e c t i v e n e s s ,  bu t  f a r  less than omi t t i ng  only  t h e  

f i r s t  t e r m .  Simple upper bounds on t h e  f i r s t  value of t h e  c o e f f i c i e n t  

w e r e  t e s t e d  which caused i n i t i a l i z a t i o n  w e l l  down the series. 

f o r  t h e  anomaly i n  t h e  neighborhood of 3,000 meshpoints,  a ga in  w a s  

q u i t e  g e n e r a l l y  found wi th  a p p l i c a t i o n  of t h e  Chebyshev polynominals. 

R e s t a r t i n g  t h e  cyc le  becomes less e f f i c i e n t  as t h e  va lue  of e, i n c r e a s e s .  

Cons t ra in ing  t h e  maximum va lue  may no t  be the optimum, but  i f  t h e  pro- 

cedure app l i ed  involves  r e s t a r t i n g  w i t h i n  t h e  inner -outer  i t e r a t i o n  

procedure f o r  so lv ing  r e a c t o r  prob e m s ,  i t  may be prove d e s i r a b l e  as 

found t o  be t r u e  i n  t h e s e  tests. 

Except 
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Q u i t e  i n f e r i o r  r e s u l t s  w e r e  ob ta ined  when o n l y  t h e  f i r s t  t e r m  

of t h e  series u s i n g  Chebyshev polynominals ,  6 = I, w a s  dropped; i t  i s  

p r a c t i c a l  t o  drop two t e r m s  bu t  n o t  one. T e s t i n g  w a s  a l s o  done 

a l t e r n a t i n g  between two v a l u e s  of t h e  c o e f f i c i e n t  wi thout  s i g n i f i c a n t  

ya in ;  i t  w 8 s  no ted  that-  t h e  e r r o r  levels  w e r e  independent  of t h e  o r d e r  

of u s e  of two v a l u e s .  

R e s u l t s  a r e  shown below f o r  problems s l i g h t l y  d i f f e r e n t  f rom t h o s e  

t r e a t e d  above which show t h e  number of i t e r a t i o n s  r e q u i r e d  t.o e f f e c t  

an  a b s o l u t e  e r r o r  level, l i n e  r e l a x i n g  a long  t h e  f i rs t  dimension: 

Iterations Required 

S c h enie / Me s ii S i z e ( P o in t s ) 40x40 40x80 80x40 80x80 
_....__I__ _- ____- l.l__ . .. .... 

Normal Ordering 

Noriiial Ordering, Chebyshev 

60 86 73 1 2 2  

55 87 72 120 

u OTdering 47 60 60 98 

a, Order ing ,  Chebyshev 41 52 53 81 

1 

- ~ 

The advantage from t h e  01 o r d e r i n g  i s  c l e a r l y  demonst ra ted ;  i t  

shows t h e  l a r g e s t  g a i n  f o r  t h e  r e c t a n g u l a r  mesh w i t h  l i n e  r e l a x a t i o n  

a l o n g  t h e  s h o r t  rows. 

propagat ion .  For n v r m a l  ordered sweep, R i t e r a t j o n s  are r e q u i r e d  f o r  t h e  

f i r s t  row t o  f e e l  t h e  i n f l u e n c e  of t h e  remote boundary c o n d i t i o n ,  where 

R i s  the number of r o w s  of unknowns; f u l l  p r o p a g a t i o n  o c c u r s  w i t h  0 

A primary renson  f o r  t h i s  g a i n  is b e l i e v e d  t o  be 

1 

o r d e r i n g  a t  R/2 i t e r a t i o n s  i n  two dimensions w i t h  r e l a x a t i o n  on rows. 
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. .  

W e  n o t e  t h a t  t h e r e  can b e  c o n s i d e r a b l e  g a i n  from s u p p r e s s i o n  of  

t h e  e r r o r  v e c t o r s  having  t h e  l a r g e r  e i g e n v a l u e s .  

t h i s  g a i n  c a n  n o t  b e  t a k e n  when a procedure  i s  used which d e t e r m i n e s  t h e  

l a r g e s t  e i g e n v a l u e  whether  o r  n o t  t h e  a s s o c i a t e d  e r r o r  v e c t o r  makes s i g -  

n i f i c a n t  c o n t r i b u t i o n .  

e i g e n v a l u e s  i s  a c h a l l e n g i n g  s u b j e c t ,  t o  p r a c t i c e  and theory .  The 

classics?. s i t u a t i o n  o f t e n  found i n  a p p l i c a t i o n  is  t h a t  when c o n t r o l  rods  

are r e p o s i t i o n e d ,  t h e  problem converges more s l o w l y  s t a r t i n g  from t h e  

r e s u l t  f o r  t h e  i n i t i a l  p o s i t i o n  t h a n  i f  a f l a t  f l u x  were used. Note 

t h a t  one s e l e c t e d  procedure  may prove  s u p e r i o r  t o  a n o t h e r  one f o r  a 

p a r t i c u l a r  problem b u t  i n f e r i o r  f o r  a n o t h e r  problem, s e v e r e l y  impact ing  

e v a l u a t i o n  of methods. 

F u l l  advantage of 

Suppress ion  of t h o s e  e r r o r  v e c t o r s  having l a r g e  

I n n e r  I t e r a t i o n  Threshold - 

A c c e l e r a t i o n  is  done on o u t e r  i t e r a t i o n ,  cont inuous  a p p l i c a t i o n  of 

t h e  Chebyshev polynominals  i n  a c c e l e r a t i n g  i t e r a t e  f l u x  estimates,  o r  

o c c a s i o n a l  e x t r a p o l a t i o n  t o  an apparent  s o l u t i o n .  The e f f e c t i v e n e s s  of 

t h e s e  schemes depends on e f f e c t i v e  e r r o r  r e d u c t i o n  d u r i n g  i n n e r  i t e ra -  

t i o n  and e r r o r  v e c t o r s  of t h e  o u t e r  i t e r a t i o n  p r o c e s s  which are  s i m p l e  

and l i n e a r l y  independent .  S i g n i f i c a n t  contaminat ion  of t h e s e  e r r o r  

v e c t o r s  can be expec ted  t o  c a u s e  t h e  a c c e l e r a t i o n  schemes t o  b e  i n e f -  

f e c t i v e .  T h i s  would r e s u l t ,  f o r  example, i f  t h e  number of i n n e r  

i t e r a t i o n s  a t  one energy  w e r e  n o t  h e l d  f i x e d .  Thus t h e r e  can b e  a 

t h r e s h o l d  number of i n n e r  i t e r a t i o n s  r e q u i r e d  f o r  effect ive accelera- 

t i o n  on o u t e r  i t e r a t i o n .  It  i s  known t h a t  such t h r e s h o l d  depends on 
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t h e  probl-em, o r  a t  least  on t h e  c l -ass  of problem, and on t h e  procedures  

a p p l i e d .  For example, t h e  s i n g l e  e r r o r  mode e x t r a p o l a t i o n  procedure is  

u s u a l l y  e f f e c t i v e  even w i t h  o n l y  one i n n e r  i t e r a t i o n ,  bu t  t h e r e  a r e  some 

problems f o r  which i t  i s  n o t .  

When t h e  procedure of  c a l c u l a t i o n  i n v o l v e s  assessment  of i n n e r  i t e r a -  

t i o n  behavior  t o  make changes,  as i n  t h e  over re l .axa t ion  c o e f f i c i e n t ,  some 

minimum number of i n n e r  i t e r a t i o n s  are  r e q u i r e d .  This  i s  n e c e s s a r y  t o  

o b t a i n  adequate  i n f o r m a t i o n  about  t h e  behavior  and t o  c a u s e  s t a b i l i z a t i o n  

of t h e  p r o c e s s  f o r  t h e  new s o u r c e  t h a t  o u t e r  i t e r a t i o n .  If t h e r e  were a 

s i n g l e  e r r o r  v e c t o r  dominat ing t h e  i t e r a t i v e  p r o c e s s  

$ t  = T+t- l  + us, 

4)* - = T ($1 - +& 
and one e x p e c t s  l i t t l e  u s e f u l  i n f o r m a t i o n  a f t e r  one i t e r a t i o n ,  u s e f u l  

i n f o r m a t i o n  a f t e r  two i t e r a t i o n s ,  and t h r e e  i t e r a t i o n s  a l l o w  compari- 

son of s u c c e s s i v e  e s t i m a t e s  cf t h e  e i g e n v a l u e  of t h e  dominat ing e r r o r  

v e c t o r .  At: l e a s t  two i n n e r  i t e r a t i o n s  is a minirnum i f  i n n e r  i t e r a t i o n  

behavior  i s  t o  be a s s e s s e d  i n  any d e t a i l .  

The Nature  of Cost I Op-timization 

The c o s t  t o  s o l v e  a s p e c i f i c  problem may be e s t i m a t e d  by an  approxi -  

mat ion which i s  i n t e n d e d  t o  al.low f o r  a l l o c a t i o n  of c h a r g e s  ( c o s t  C i n  

e q u i v a l e n t  p r o c e s s o r  t i m e ) ,  

C = N (q  + J)  + r ,  (7 17-6 1 

where N i s  t h e  number of o u t e r  i t e r a t i o n s ,  J t h e  number of i n n e r  i t e ra -  

t i o n s ,  q t h e  rati-o of t h e  s p e c i a l  c o s t  a s s o c i a t e d  w i t h  each  o u t e r  i t e ra -  

t i o n  re la t ive  t o  t h a t  a s s o c i a t e d  w i t h  each i n n e r  i t e r a t i o n ,  and r a l l o w s  
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... 

f o r  overhead.  

t i o n s  can be done w i t h o u t  a d d i t i o n a l  d a t a  t r a n s f e r ,  d a t a  t r a n s f e r  c o s t  

i s  a s s o c i a t e d  w i t h  o u t e r  i t e r a t i o n  and q i n c r e a s e s  w i t h  i n c r e a s e  i n  t h e  

c o s t  of d a t a  t r a n s f e r .  

amount of d a t a ,  decreased  e f f i c i e n c y ,  o r  by e f f e c t s  o f  a s p e c t s  of t h e  

a l g o r i t h m  f o r  a l l o c a t i n g  charges .  

For t h o s e  modes of c a l c u l a t i o n  where more i n n e r  i t e r a -  

T h i s  i n c r e a s e  may b e  caused by i n c r e a s e  i n  t h e  

Q u i t e  g e n e r a l l y  t h e  number of o u t e r  i t e r a t i o n s  d e c r e a s e s  as t h e  

number o f  i n n e r  i t e r a t i o n s  i s  i n c r e a s e d ,  N i s  s e n s i t i v e  t o  changes i.n 

J when J i s  s m a l l  and should  t a k e  on an a s y m p t o t i c  v a l u e  f o r  l a r g e  J. 

For a s p e c i f i c  problem a r e a s o n a b l e  but  s imple  c o r r e l a t i o n  i s  

b 
J ’  ? ? = a + - -  (7  17-7) 

where a and b are c o n s t a n t s ,  undoubtedly problem dependent .  

t h i s  c o r r e l a t i o n  may w e l l  be adequate  over a narrow r a n g e  of t h e  v a l u e s  

of J. The c o s t  is  now g i v e n  by 

Note Chat 

c = (aq + b + r) f f nJ. 
J 

S e t t i n g  t h e  f i r s t  d e r i v a t i v e  e q u a l  t o  ze ro  y i e l d s  

.T ==\I? ( 7 1.7 -8) 

The optimum number of i n n e r  i t e r a t i o n s  i n c r e a s e s  as t h e  o u t e r  i t e r a t i o n  

c o s t  i n c r e a s e s  re la t ive  t o  i n n e r  i t e r a t i o n  c o s t ,  and i n c r e a s e s  w i t h  i n -  

crease i n  t h e  s e n s i t i v i t y  of t h e  number of o u t e r  i t e r a t i o n s  t o  change 

i n  t h e  number of i n n e r  i t e r a t i o n s .  Note t h a t  t h e r e  may be s o m e  t h r e s h -  

o l d  v a l u e  of J. 
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A problem was s e l e c t e d  which needs l a r g e  o v e r r e l a x a t i o n  c o e f f i -  

c i e n t s  and which converges r a p i d l y  o n  o u t e r  i t e r a t i o n  when a l a r g e  

number of i n n e r  i t e r a t i o n s  are done, has a small amount of d a t a  t r a n s -  

Fer but  r e q u i r e s  s u f f i c i e n t  computer time t o  g e n e r a t e  s i g n i f i c a n t  c o s t  

d a t a .  i t  i s  a two-dimensional two-group f l u x ,  e i g e n v a l u e  c e l l  problem 

f o r  a water  r p a c t o r ,  r e f l e c t e d  on a l l  s i d e s .  Resul-ts irrom a p p l i c a t i o n  

o f  a s p e c i f i c  procedure f o r  a mesh of 96 x 96 meshpoints  (2 groups,  

1 8 , 4 3 2  unknowns) a r e  shown below f o r  an o v e r r e l a x a t i o n  c o e f f i c i e n t  o f  

1.93091 i n  t h e  first group: 

.J 
-..lll_ 

1 

3 

4 

6 

8 

10 

12 

1 5  

20 

4 0  

80 

-_I__ 

-...______ 

N 
_l.__l.- 

137 

6 6  

47 

36 

27 

2 4  

22 

1 9  

1 4 

9 
8 

l_l...__ 

Job  Cost ($)- 
P r o c e s s o r  T o t a l  
_.l___l_l _I-- 

ll_______...__l- 

I t e r a t i o n  (min) 
-.._._IÎ  

2 , 3 6  
1.73 

1.53 
1.52 

1.41 

1.54  

1.64 

1 . 6 8  

1.64 

2 . 0 7  

3 .56 

11.0 19 .6  

8.5 14.4  

7 . 5  1.3.0 
7.5 12.5 

7.3 12.2 

7.6 1 2 . 3  

8.0 12.6 

8.0 12.6 

7.8 12.2 

10.0 1.4*3 

1 4 . 5  18.7 

The dependence of N on J i s  r e l a t i v e l y  smooth w i t h  v a r i a t i o n  as- 

aoc. ia ted w i t h  e f f e c t i v e n e s s  of  the o u t e r  i t e r a e i o n  a c c e l e r a t i o n  pro-  

cedure.  P r o c e s s o r  t i m e  a l l o c a t e d  t o  a r u n  depends  on t h e  work load  
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on t h e  machine under  m u l t i t a s k i n g ,  as d o e s  a l l o c a t e d  c o s t .  

.^ 

Both p r o c e s s o r  t i m e  and c o s t  are r a t h e r  f l a t  over a l a r g e  r a n g e  i n  

t h e  v a l u e  of J. An e s t i m a t e d  v a l u e  f o r  a q of 2 .0  i s  o b t a i n e d  from pro- 

c e s s o r  t i m e ,  4.0 w i t h  c o s t  d a t a ,  b u t  dependent  on weight ing  of t h e  d a t a .  

Using an  e x t r a p o l a t e d  v a l u e  of 3.5 f o r  a ,  b i s  about 200, and b / a  = 57, 

which y i e l d s  an optimum v a l u e  of 11 f o r  J from Eq.  717-8 f o r  q = 2 .  

-- Contaminat ion from I n n e r  I t e r a t i o n  

Theory y e t  p r o v i d e s  us with l i t t l e  i n f o r m a t i o n  about  contaminat ion  

of t h e  o u t e r  i t e r a t i o n  p r o c e s s  from t r u n c a t i o n  of t h e  i n n e r  i t e r a t i o n s .  

'Thus we  s e e k  a c o r r e l a t i o n .  To be r e a s o n a b l e ,  t h i s  must account  f o r  

l a r g e  contaminat ion  a t  s m a l l  J and t a k e  on a n  a s y m p t o t i c  v a l u e  f o r  

l a r g e  J. Here we  t a k e  t h e  view t h a t  t h i s  contaminat ion  does n o t  cause  

t h e  o u t e r  i t e r a t i o n  e i g e n v a l u e s  t o  t a k e  on imaginary components, b u t  

r a t h e r  t h a t  t h e  rea l  v a l u e s  are i n c r e a s e d .  

Cons ider  t h a t  a n e a r  optimum v a l u e  of t h e  o v e r r e l a x a t i o n  c o e f f i c i e n t  

w i l l  b e  used.  

is  e x p e c t e d  t o  c o n t r i b u t e  i n  t h e  amount 

The dominant e r r o r  v e c t o r  of t h e  i n n e r  i t e r a t i o n  p r o c e s s  

Note t h a t  f o r  B = 1.93091, i t  r e q u i r e s  .J = 46 t o  reduce  t h i s  c o n t r i b u t i o n  

below i t s  i n i t i a l  level.  Exper ience  t e l l s  us t h a t  i t  does n o t  t a k e  t h i s  

many i n n e r  i t e r a t i o n s  each o u t e r  i t e r a t i o n  t o  e f f e c t  e r r o r  r e d u c t i o n ;  

the optimum is  many fewer.  However, if t h i s  e r r o r  v e c t o r  makes s i g n i f i -  

c a n t  c o n t r i b u t i o n  we can expec t  t h a t  t h e  p r o d u c t  of t h e  number of i n n e r  

and o u t e r  i t e r a t i o n s  must indeed reduce  t h e  c o n t r i b u t i o n ,  

. .  
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N .T [ B  - 1 f ] < 1. ( 6  -1INJ-I 2 

For t h i s  problem, r e d u c t i o n  from i t s  i n i t i a l  level  starts a t  NJ = 4 6 ,  

and r e d u c t i o n  by a f a c t o r  of 10 o c c u r s  a t  NJ = 86, and by a f a c t o r  of 

100 a t  NJ = 123.  

We would n o t  e x p e c t  any o u t e r  i t e r a t i o n  a c c e l e r a t i o n  procedure  t o  

be e f f e c t i v e  b e f o r e  t h i s  e r r o r  c o n t r i b u t i . o n  starts t o  d e c r e a s e  u n l e s s  

the e r r o r  v e c t o r  were h i g h l y  s u 3 r e s s e d .  The peak v a l u e  of t h i s  e r r o r  

c o n t r i b u t i o n  o c c u r s  a t  

o r  a t  NJ = 1 2  f o r  t h e  r e f e r e n c e  problem. We s u s p e c t  from a p p l i c a t i o n  

e x p e r i e n c e  t h a t  Chebyshev a c c e l e r a t i o n  on o u t e r  i t e r a t i o n  w i l l  n o t  

g e n e r a l l y  prove  e f f e c t i v e  i f  s t a r t e d  b e f o r e  t h i s  e r r o r  c o n t r i b u t i o n  i -s 

less t h a n  u n i t y .  

I f  t h e  new s o u r c e  e a c h  ou te r  i t e r a t i o n  caused r e - e x c i t a t i o n  of 

t h e  dominant i n n e r  i t e r a t i o n  e r r o r  v e c t o r ,  many more i n n e r  i t e r a t i o n s  

would be r e q u i r e d  t h a n  found t o  be n e c e s s a r y  o r  t h e  optimum i n  u s u a l  

app l i c a  t i o n .  

A r e a s o n a b l e  approximation of t h e  r e d u c t i o n  i n  t h e  c o n t r i b u t i o n  

from a l l  i n n e r  i t e r a t i o n  e r r o r  v e c t o r s  each  i n n e r  i t e r a t i o n  i s  (6-1). 

Given J i n n e r  i t e r a t i o n s ,  we approximate t h e  r e d u c t i o n  i n  e r r o r  c o n t r i  

b u t i o n  as (&l)J. 

endpoint  v a l u e s  of 3 = 0 and J -f M, and i n c l u d e s  a f r e e  parameter  c1 

A f o r m u l a t i o n  f o r  contaminat ion  which s a t i s f i e s  t h e  
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J 

to allow adjustment for the effectiveness of iteration is 

N 

y = A+ ( 1 - A )  ( B - l f J .  

behavior by the code 

) 

This equation was applied to the reference problem with a selected 

value for a of 1/3 and an estimated value of 0.231 for A. 

are estimates of the dominating outer iteration error vector eigenvalue, 

estimates from Eq. (717-91,  and the expected number of outer iterations 

required to reduce the associated error contribution to a relative level 

Shown below 

~1 = 1/3 (no acceleration) 

of 0.0005 : 

1 

3 
4 

6 

8 

10 

1 2  

15 

20 

40 

80 

- 
1 3 7  

66 

47 

36 

27 

2 4  

22  

19  

14  

9 

8 

717-  

Y Estimated 
Estimated from the 1 E q .  717-9.  I Outer Iterations 

-992 

,948 

.935 

.866 

e 855 

.850 

,831 

. 7 7 2  

.749 

.523 

.313 

.982 

.947 

,930 

.897 

.866 

.837 

.810 

.769  

.708 

.527 

.345 

418 

140 
105 

70 
53 
4 3  

36 
27 

2 2  

1 2  

7 

I 

The calculated number of outer iterations is interpreted as an 

estimate without outer iteration acceleration. The calculations applied 
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1 . 9 1 1  35 

1 . 9 3 1  30 

1.951 38 

asymptot ic  e x t r a p o l a t i o n  but  n o t  Chehyshev a c c e l e r a t i o n .  The case ap- 

.895 

.842 

p_ 

p l y i n g  20 i n n e r  i t e r a t i o n s  w a s  r e s o l v e d  n o t  a l l o w i n g  e x t r a p o l a t i o n ,  and  

20  o u t e r  i t e r a t i o n s  w e r e  r e q u i r e d  I:O s a t i s f y  t h e  s p e c i f i e d  convergence. 

(The case a p p l y i n g  80 i n n e r  i t e r a t i o n s  a l s o  d i d  n o t  apply  asymptot ic  

e x t r a p o l a t i o n . )  

p r e d i c t e d  behavior  wi thout  a c c e l e r a t i o n  a t  an o u t e r  t o  i n n e r  i t e r a t i o n  

Note t h a t  i f  we s e e k  an optimum v a l u e  f o r  J from t h e  

r e l a t i v e  c o s t  of 2 ,  t h e  apparent  optimum .J i s  about 20, but  w i t h  ac- 

c e l e r a t i o n  i t  i s  much less. More e f f e c t i v e  o u t e r  i t e r a t i o n  a c c e l e r a t i o n  

could s h i f t  t h i s  v a l u e  even lower.  

Cases were run t o  tes t  t h e  dependence of the number o f  o u t e r  i tera-  

t i o n s  r e q u i r e d  t o  e f f e c t  an a d e q u a t e l y  converged s o l u t i o n ,  on t h e  v a l u e  

of t h e  overre1axat io .n  c o e f f i c i e n t .  Recall  [:hat 27 o u t e r  i t e r a t i o n s  were 

r e q u i r e d  f o r  t h e  r e f e r e n c e  case above doing  8 i n n e r  i t e r a t i o n s  and u s i n g  

o v e r r e l a x a t i o n  c o e f f i c i e n t s  of 1.93091 i n  t h e  first group and 1.89665 i n  

t h e  second group w i t h  a p p l i c a t i o n  of Chebyshev polynominals  t o  t h e  coef -  

f i c i e n t s  s t a r t i n g  w e l l  down t h e  series.  The r e s u l t s  w i t h  a f i x e d  coef -  

f i - c i e n t  , same v a l u e  i n  each  group,  are: 
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Shown below are s e l e c t e d  r e s u l t s  f o r  coa r se  meshpoint arrangements. 

W e  estimate l i t t l e  dependence on A of the  mesh. 

Y 
Processor  Estimated from Y Estimated 

Space 8 J N t i m e  t h e  behavior Eq.  717-9 Outer I t e r a t i o n s  
Po in t s  (min) by the  code (a = 1/3) (no I___.. a c c e l e r a t i o n )  ~. ..____. . . .. . 

1 2 *  1.7050 4 10 .038 .30 . 7 1 4  2 3  

10 8 .040 .20 .471 10 

20 7 .046 .20 ,306 h 

2 4 2  1.804 4 1 7  ,093 .66  .806 35 

10 11 .085 .48 .602 1.5 

20 9 . 1 1 2  .32  .41 9 

48' 1.882 4 33 . 41. .85 .881 60  

20 1 3  .45 . 5 9  - 5 6 4  J. 3 

Although the  va lues  of Y a r e  not  i n  good agreement, t h e  p red ic t ions  

of t h e  requi red  number of i t e r a t i o n s  are reasonable .  For many inner  

i t e r a t i o n s ,  t h e  behavior  does not s t a b i l i z e  t o  a l low an accu ra t e  estimate 

of t h e  eigenvalue and e x t r a p o l a t i o n ,  while  f o r  few, the  ga in  f rom ex t r a -  

p o l a t i o n  about ha lves  t h e  requi red  number of i t e r a t i o n s  f o r  t hese  s m a l l  

small problems. The code est imated va lue  of y < A is  not  explained.  

Other approaches t o  c o r r e l a t i o n  of ou te r  i t e r a t i o n  contamination 

from inne r  i t e r a t i o n  t r u n c a t i o n  have not  been success fu l .  Unfortunately 

we f i n d  t h a t  t h e  va lue  of a i n  Eq.  (717-9) has some dependence on Droblem 

type  yet unpred ic t ab le ,  a l though i t  o f t e n  i s  1/4 t o  113. 

o the r  f r e e  parameters  does n o t  appear u s e f u l  i n  this farm of c o r r e l a t i o n ,  

The use  of 
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To seek  an optimum w i t h  o u t e r  i t e r a t i o n  a c c e l e r a t i o n ,  a r e v i s i o n  i s  

needed t o  E q .  (717-9)  t o  account  f o r  i t s  e f f e c t .  B a s i c a l l y  we expec t  

t h e r e  i s  an e f f e c t i v e  v a l u e  of y, y < y, which accounts  f o r  t h e  behavior  

T h i s  may be t h e  n e x t  l a r g e s t  e i g e n v a l u e  of t h e  o u t e r  i t e r a t i o n  e r r o r  

v e c t o r s ,  assuming t h e y  a r e  r ea l ,  e t c . ,  when asymptot ic  e x t r a p o l a t i o n  i s  

done, o r  some e f f e c t i v e  v a l u e  when Chebyshev a c c e l e r a t i o n  i s  a p p l i e d .  

A number of c o n s i d e r a t i o n s  i n c l u d i n g  t h e  need f o r  a sirnp1.e minimum p o i n t  

l e a d  t o  t h e  form, 

e 

(919-10) 

where cx i s  an  i t e r a t i o n  e f f e c t i v e n e s s  f a c t o r .  e 

Using t h e  c o s t  f o r m u l a t i o n  above, t h e  apparent  optimum number of  i n n e r  

i t e r a t i o n s  i s  given by s a t i s f y i n g  

Consider ing a f i x e d  r e d u c t i o n  i n  t h e  e r r o r  c o n t r i b u t i o n ,  
N y = c o n s t a n t  e 

(7  17-11) 

where y i s  g iven  by Eq. (717-10).  These e q u a t i o n s  do not. a d m i t  an 

e x p l i c i t  s o l u t i o n  f o r  J ,  but  i t  may be  determined by c a r e f u l  i t e r a t i o n .  

Note t h a t  w e  may be i n t e r e s t e d  i n  t h e  v a l u e  of y from E q .  (’717-9) f o r  

p r e s e l e c t i o n  of t h e  i t e r a t i o n  procedures .  

e 

It may be noted  t h a t  i f  Eq.  (717-9) w e r e  a p p l i e d  t o  the  i n d i v i d u a l  
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-. .... 

.... 

e i g e n v a l u e s  of a set  of  e r r o r  v e c t o r s ,  these f o r m u l a t i o n s  a p p l y  w i t h  

r e p l a c e d  i n  E q .  (717-10). Fowever, t h i s  would p r e d i c t  t h a t  t h e s e  

e i g e n v a l u e s  move c l o s e r  t o g e t h e r  as J d e c r e a s e s ,  /A dec.reases  i n  t h e  

dominance r a t i o  s e n s e ,  which would t e n d  t o  c a u s e  asymptotic.  e x t r a p o l a -  

e 

2 1  

t i o n  t o  be less e f f e c t i v e ,  a b e h a v i o r  n o t  u s u a l l y  found i n  a p p l i c a t i o n  

t e s t i n g  . 
R e p r e s e n t a t i v e  v a l u e s  of ye as dependent on a and J are shown e 

below f o r  X = = 0.231 and P = 1.93091 from E q .  (717-10). e 

20 

2.0 .275 

1 . 5  

1 .0  

.75 

. 5  

.25 

.681 .494 .321 

.769 .607 . 4 l 5  

.I319 .681 ,494 

,874 .769 .607 

.934 .874 .769 

The a p p a r e n t  optimum v a l u e  of  J f o r  t h e  r e f e r e n c e  problem u s i n g  a 

= A, compared w i t h  23 f o r  cie = 1/3 .  

e 

= 2 . 0  i s  8 i n n e r  i t e r a t i o n s  u s i n g  X 

Q u i t e  g e n e r a l l y  b o t h  y and t h e  apparent  optimum v a l u e  o f  J d e c r e a s e  e 

;is a i n c r e a s e s .  I f  J i s  t o  b e  reduced ,  i? must b e  i n c r e a s e d  r a t h e r  e e 
t h a n  decreased  which would seem more r ea l i s t i c .  

e 

A few r e p r e s e n t a t i v e  v a l u e s  of t h e  a p p a r e n t  optimum J a r e  

... 
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1 . 5  

1.. 8 

1 . 9  

1.95 

shown below f o r  i t e r a t i o n  e f f e c t i v e n e s s  f a c t o r  a = 2.0  and c o s t  f a c t o r  
e 

2 . 2  1. a 1 . 6  1 . 5  

3.9 3.0 2.6 2.5 

6.5 4.8 4 . 1  3.9 

10.2 7 . 3  6 . 1  5.9 

1 . 6  

1 . 8  

1 . 9  

1 .95  
-..__._I. __A 

Reducing a t o  1 .0  and i n c r e a s i n g  q t o  3.0 y i e l d s :  e 

4 .1  3.2 2.8 2 . 7  

7 . 1  5 . 4  4.7 4.5  

1.1.6 8.5 7.2 6 . 9  

18.2 1 3 . 0  1 0 . 8  10 .3  
--____ ..._... 

Qui te  genernl. ly we f i n d  t h a t  t h e  optimum number of i n n e r  i t e r a t i o n s  

i s  small except  when (3 i s  v e r y  l a r g e  o r  when many i t e r a t i o n s  are r e q u i r e d  

t o  e f f e c t  p ropogat ion  a c r o s s  t h e  space  nesk. The optimum w i t h  Chebyshev 

a c c e l e r a t i o n  on o u t e r  i t e r a t i o n  is  a p p a r e n t l y  not well d e f i n e d ,  Whereas 

i n  many i n s t a n c e s  o f  impleinentation a l a r g e  number of i n n e r  i t e r a t i o n s  i s  

a u t o m a t i c a l l y  set t o  p r o t e c t  a g a i n s t  contaminat ion  of t h e  o u t e r  i t e r a t i o n  

p r o c e s s ,  we have chosen t o  adopt  a procedure  which g e n e r a l l y  i s  r e l a t i v e l y  

e f f e c t i v e  when f e w e r  i n n e r  i t e r a t i o n s  are done. It i s  t r u e  t h a t  t h e  

h i g h e r  t h e  c o s t  of o u t e r  i t e r a t i o n  r e l a t i v e  t o  i n n e r  and t h e  more t h e  
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e f f e c t  o f  t r u n c a t i o n  of i n n e r  i t e r a t i o n ,  e s p e c i a l l y  impact on e f f e c t i v e .  

a c c e l e r a t i o n ,  t h e n  t h e  u s e  of more i n n e r  i t e r a t i o n s  i s  b e s t .  

I n n e r  I t e r a t i o n  E r r o r  Reduct ion 

If t h e  e r r o r  c o n t r i b u t i o n  a s s o c i a t e d  w i t h  i n n e r  i t e r a t i o n  h a s  t h e  

form 

E ( B , J )  = A(B-l .IaJ,  (717-12) 

where A and Q are c o n s t a n t s ,  t h e n  t h e  number of  i n n e r  i t e r a t i o n s  re- 

q u i r e d  to reduce  t h i s  e r r o r  from i t s  i n i t i a l  v a l u e  t o  a s e t ,  r e l a t i v e  

l eve l ,  i s  given b y  p r o p o r t i o n a l i t y  w i t h  some f a c t o r  X,  

x 
J =  RnYj-. (717-13) 

Other estimates of t h e  c o n t r i b u t i o n ,  as from t h e  dominant i n n e r  i t e r a t i o n  

e r r o r  v e c t o r ,  l e a d  t o  o t h e r  f o r m u l a t i o n s .  

Cons ider ing  t h e  c o n t r i b u t i o n  a t  any energy  group, t h e  r e d u c t i o n  can 

be made t h e  same as t h a t  a t  t h e  group where the o v e r r e l a x a t i o n  c o e f f i c i e n t  

i s  t h e  l a r g e s t  by r e q u i r i n g  

(717-1.4) 

Propogat ion  

A re l tab1.e  s o l u t i o n  t o  a problem can not  b e  a s s u r e d  u n l e s s  t h e  number 

of sweeps of t h e  e q u a t i o n s  c a u s e s  f u l l  p ropogat ion .  Indeed w e  f i n d  t h a t  

given L sweeps t o  e f f e c t  p ropogat ion ,  from one t o  f o u r  t i m e s  t h i s  number 

of sweeps are r e q u i r e d .  

a t  about  

T h i s  p l a c e s  t h e  minimum number of r e q u i r e d  sweeps 

N J  - > 2 . 5 L ,  (717-15) 
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where 

I? -+ P-1, normal o r d e r e d ,  

L 2 { + P ,  p a r t i a l  0 o r d e r e d ,  1 

1 (R -F P) , ordered .  
12 

To r e d u c e  t h e  c o n t r i b u t i o n  from o n l y  one e r r o r  v e c t o r  having an  

e i g e n v a l u e  of y by a f a c t o r  of .01 i n  t h e  s e n s e  of 

N y = 0.01, 

and se t  a minimum v a l u e  on N of 1.5, then 

2.52, 
1 max [15,  Rn .01] ' 

--I____ 

RnY 
(717-1.6) 

Note t h a t  y must b e  an e f f e c t i v e  v a l u e  which accounts  f o r  t h e  g a i n  from 

Chebyshev a c c e l e r a t i o n  o r  asymptot ic  e x t r a p o l - a t i o n ,  o r  t h e  l e v e l  of e r r o r  

c o n t r i b u t i o n  r e d u c t i o n  be reduced a c c o r d i n g l y .  More i t e r a t i o n s  may be 

r e q u i r e d  t o  e f f e c t  p ropogat ion  t h a n  t o  reduce t h e  e r r o r  c o n t r i b u t i o n ,  

Eq.  (717-16) vs Eq. (717-14). 

It may b e  of i c te res t  t h a t  w e  have observed t h a t  sometimes changes 

which cause  6 t o  i n c r e a s e  tend  to reduce (or  y). 

Concluding Remarks __.I 

The procedures  i n  t h e  VENTURE code tend  to be most e f f e c t i v e  i f  4 

o r  more i n n e r  i t e r a t i o n s  are done, o r  i f  1 i n n e r  i t e r a t l o n  i s  done. We 

have sought ev idence  t h a t  an odd number of i n n e r  i t e r a t i o n s  would be more 

o r  less e f f e c t i v e  t h a n  an even number, b u t  have found none. For a wide 

range of problem t y p e s  r e p r e s e n t a t i v e  of a p p l i c a t i o n ,  w e  have found t h a t  
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t h e  u s e  of 4 i n n e r  i t e r a t i o n s  i s  more e f f e c t i v e  t h a n  5 os more, unl-ess 

t h e r e  is  a severe p e n a l t y  from t h e  c o s t  of a n  o u t e r  i t e r a t i o n  (high 

r e l a t i v e  c o s t ) .  

i n c r e a s e s  (more s c a t t e r i n g  c a l c u l a t i o n  i n v o l v e d ) ,  and as the  amount of  

d a t a  t r a n s f e r  i n c r e a s e s ,  especiaL1.y if re la t ive  c o s t  of d a t a  t r a n s f e r  

is  h i g h  o r  t h e  impact f r o m  t h e  a s s o c i a t e d  i n c r e a s e  i n  c l o c k  t i m e  i s  a 

real p e n a l t y  i n  a p p l i c a t i o n  ( i n c r e a s i n g  turn-around o r  l i m i t i n g  computer 

a v a i l a b i l i t y  f o r  such  a p p l i c a t i o n ) .  

T h i s  p e n a l t y  t e n d s  t o  i n c r e a s e  as t h e  number of groups 

END OF SECTION 
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Sect ion 718: I n i t i a l i z a t i o n  

- ..... 

This s e c t i o n  d i scusses  t h e  procedures implemented t o  i n i t i a l i z e  a 

neutron f l u x  eigenvalue problem. The ob jec t ives  h e r e  are t o  

1. Provide a reasonable  f l u x  guess which hopefu l ly  has t h e  

e r r o r  vec to r s  with l a r g e s t  e igenvalues  suppressed,  

2 .  S e l e c t  from t h e  implemented procedures a s e t  which appears 

t h e  b e s t  cons ider ing  computation c o s t ,  and 

3 .  I n i t i a l i z e  t h e  i t e r a t i o n  parameters a t  values  expected t o  

e f f e c t  a r a p i d  r a t e  o f  convergence toward a s o l u t i o n .  

An e x i s t i n g  s e t  of t h e  f l u x  values  may be a v a i l a b l e  f o r  use .  I t  

could be t h e  s o l u t i o n  f o r  a s imilar  problem. 

which seemingly small changes i n  a system cause t h e  s o l u t i o n  f o r  another  

problem t o  be a poor s t a r t i n g  p o i n t ,  as when c o n t r o l  rods are 

r epos i t i oned .  However, cons iderable  reduct ion  i n  computation time i s  

a s soc ia t ed  with use o f  t h e  previous s o l u t i o n  t o  s t a r t  each problem f o r  

d i s c r e t e  s t e p  dep le t ion  c a l c u l a t i o n s .  'fie c a p a b i l i t y  is incorpora ted  t o  

perform a l i n e a r  i n t e r p o l a t i o n  of  t h e  f l u x  values  when a f i n e r  mesh 

p o i n t  d e s c r i p t i o n  i s  presented;  t h i s  expansion from a coarse-mesh r e s u l t  

i s  appropr i a t e  only i f  t h e  number of mesh p o i n t s  has  been increased  

r e g u l a r l y  a long any one coord ina te  ( f o r  example, doubled along each 

coord ina te ,  o r  each two rep laced  by t h r e e ) .  

S i t u a t i o n s  are known f o r  

On u s e r  o r  con t ro l  module op t ion ,  t h e  f l u x  values  a r e  recovered 

€ram an a v a i l a b l e  f l u x  f i l e ,  i n i t i a l i z e d  as descr ibed  below, o r  set  

equal .  General ly  f o r  an a d j o i n t  problem, t h e  f l u x  va lues  i n  a l l  groups 

are s e t  equal  t o  t h e  a v a i l a b l e  r e g u l a r  f l u x  values  f o r  t h e  first energy 

group. The one-dimensional procedure d iscussed  below is  not  used when 

t h e r e  i s  only one group. I t  is n o t  used i f  t h e r e  are l e s s  than  144 

space p o i n t s  and t h e  problem t o  be so lved  w i l l  be  contained i n  memory, 
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but  r a t h e r  t h c  ove r re l axa t ion  c o e f f i c i e n t s  are s e t  with t h e  d e f a u l t  

procedures and only one inne r  i t e r a t i o n  is  done a t  each groirp. 

Also, f o r  success ive  accesses  o f  t h e  rieutronics code i n  the 

computation system a f t e r  the f i rs t  access ,  c e r t a i n  d a t a  i s  au tomat ica l ly  

saved and recovered which e l imina te s  t h e  need t o  apply the  i n i t i a l i z a t i o n  

c a l c u l a t i o n s .  Flux values  are recovered from t h e  appropr i a t e  i n t e r f a c e  

f i l e  RTFLUX arid ove r re l axa t ion  c o e f f i c i e n t s  and Chebyshev a c c e l e r a t i o n  

d a t a  are saved and recovered on the  end o f  f i l e  R Z F L U X .  

Use o f  a One-Dimensional Problem 

The reconmended i n i t i a l i z a t i o n  procedure involves  s o l u t i o n  of  a 

one-dimensional problem s e l e c t e d  from t h e  multidimensional mesh. A 

zone (of uniform 

G 
max v Z  1 

G 
2 g=-,min 2 

nuc lear  p r o p e r t i e s )  is s e l e c t e d  on t h e  b a s i s  of 

VC 
f , g  ' (718-1) 

a dominant f u e l  zone. A mesh po in t  is found which l i e s  i n  t h i s  zone and 

on a row which i s  away from zero f l u x  o r  nonre turn  boundaries (near 

r e f l e c t e d  boundaries o r  toward t h e  middle) .  The multidimensional 

coupl ing c o e f f i c i e n t s  a r e  ad jus t ed  f o r  t h i s  row t o  d e l e t e  t h e  coupling 

terms with po in t s  on neighbor rows e Complicated boundary condi t ions  a r e  

replaced with s imple ones (e .g . ,  r epea t ing  with r e f l e c t e d ) .  Black 

absorber  po in t s  are e l imina ted  simply by s e t t i n g  t h e  coupl ing c o e f f i c i e n t s  

equal t o  t h a t  fo r  t h e  nearby po in t  o u t s i d e  0f t h e  black absorber  zone. 

(A s i n k  he re  might be added t o  improve t h e  f l u x  s o l u t i o n . )  
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The procedure involves 

1. A d i r e c t  buckl ing search  t o  e f f e c t  a near  critical s J t u a t i o n ,  

2 .  Inner i t e r a t i o n  on the space problem a t  each group w-ith no 

source ,  p o i n t  r e l a x a t i o n ,  t o  p r e d i c t  i n n e r - i t e r a t i o n  behavior ,  

and 

3 .  Continued o u t e r  i t e r a t i o n  t o  produce d a t a  about t h e  o u t e r  

i t e r a t i o n  process  and a reasonablc  i n i t i a l  f l u x  d i s t r i b u t i o n .  

The c r i t i c a l i t y  search  c a l c u l a t i o n  i s  done with simultaneous s o l u t i o n  

o f  t h e  f l u x  values  a long t h e  row a t  each i t e r a t i o n .  

s e c t i o n  c o n t r i b u t i o n  is  included i n  t h e  t o t a l  l o s s  c o e f f i c i e n t  a t  cach 

po in t  a f t e r  each o u t e r  i t e r a t i o n ,  as  i n d i c a t e d  t o  be necessary from an 

o v e r a l l  neutron balance with c o n s t r a i n t  appl ied  dur ing  t h e  f irst  few 

i t e r a t i o n s  (see d i scuss ion  about c r i t i c a l i t y  sea rches ) .  This i t e r a t i v e  

problem is  te rmina ted  a t  a r e l a t i v e l y  low convergence l e v e l ,  0.1 

r e l a t i v e  change i n  t h e  search  eigenvalue.  

An absorp t ion  c ross  

'fie f irst  o u t e r  i t e r a t i o n  of t h e  d i r e c t  buckl ing search  procedure,  

i n n e r  i t e r a t i o n  is done a t  each group with s imple po in t  r e l a x a t i o n  us ing  

newly c a l c u l a t e d  va lues  as a v a i l a b l e ,  ol ordered t o  a c c e l e r a t e  asymptotic 

behavior ,  with t h e  source  term set  equal t o  zero.  

t h e  a c t u a l  source  showed t h a t  e s t ima tes  o€ t h e  e r r o r  v e c t o r  e igenvalues  

wcre o f t e n  u n r e l i a b l e  when produced from an L 

source  problem is  so lved ,  o f t e n  low as would be expected i f  t h e  e r r o r  

vec to r  dominating asymptot ica l ly  has  a small c o e f f i c i e n t  and i s  thereby 

suppressed.  

(Experiments us ing  

norm es t ima te ,  when t h e  
1 

The mat r ix  formulat ion of t h e  nonsource problem is  

( U . - L - U ) @  = 0 , 
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where Q is the f lux  vector.  With parti t- . ioning consistent w i . t h  the 

process ,  

(D - L N n  = u(bn-l 

4)11 = (D - L) u$n-l ; 

‘n - E q n - l  ’ 

- 1  

__ 

where $n i s  t h e  f l u x  vec tor  a t  i t e r a t i o n  n .  

zero e n t r i e s  a s soc ia t ed  with t h e  con t r ibu t ion  from t h e  odd @n-l v a l u c s . )  

Assuming t h a t  independent e r r o r  vec to r s  con t r ibu te  t o  s e l e c t e d  p o i n t  
values  (say the  even p o i n t s ) ,  s i n c e  an -t 0 as n -f m , over these  se l ec t ed  

(With o1 o r d e r i n g ,  E has 

po in t s  , 

(718-2) 

t h e  la rges t  and ‘jnlax i being a mesh p o i n t ,  n t h e  i t e r a t i o n  count ,  

e igenvalue of  t h e  e r r o r  vec to r s .  Thus a t  po in t  i, 

A j max 
_...... - 3 A .  n l a rgc  ; 1 n- 1 J max’ 
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The fol lowing e s t i m a t e s o f  t h i s  l a r g e s t  e igenvalue are  r e a d i l y  a v a i l a b l e :  

@i ,n 
@ i , n - l  ' 

X = max 2 ,I1 

-- , and 
f - ' i y n - l  I 

A =  
I 'i,n-2 

3,n I 

..... 

Current ly  w e  e s t ima te  t h e  eigenvalue from 

An = [ A ~ , n  X 3,n x 4,n p3 , (718-4) 

no t  us ing  t h e  f i r s t  e s t ima te  above because it t y p i c a l l y  i s  a gross 

underest imate .  Convergence c r i t e r i a  is r equ i r ed  t o  be s a t i s f i e d ,  

An < 0.9999 , 

An- 1 

< 1.005 . 'n- 1 0.995 < - 
n-2 

An 
0.995 < - < 1.005 , 

x 
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Often i n  the  c a r l y  i t e r a t i v e  h i s t o r y  t h e r e  are many po in t  values  

which do not  change ( A  = 1 ) ;  t h e r e  are no S C I I I ~ C F !  t e r m s  a t  t he  first 

energy group f o r  t h e  po in t s  i n  a r e f l e c t o r .  To f o r c e  f u l l  propagat ion w e  

reailire a miminum number of i t e r a t i o n s  equal  t o  half  t h e  number of p o i n t s  

on a row. 

A but  from below by A 

more accura te  es t imates  than the  former, t h e  weighting used is  

reasonable .  

2,n 

Typical ly  the  asymptotic va lue  i s  approached from abovc by 

and X 4 , n ;  s i n c e  t h e  l a t t e r  two a r e  gene ra l ly  
2 > n  3 ,n  

When convergence c r i t e r i a  a r e  not  s a t i s f i e d ,  t h e  process  i s  

terminated i f  t h e  i t e r a t i o n  count becomes four  more than t h e  number o f  

po in t s  on a row o r  any 4 < . The l a t e s t  estimate of A will 

then be used provided t h r e e  success ive  values  a r e  approaching a s o l u t i o n  

nionntonical l y  , 

i ,n n 

, and 

If acceptab le  estimates a r e  not  found f o r  a t  l c a s t  h a l f  o f  t h e  space 

problems a t  each group, t h e  d e f a u l t  procedure d iscussed  l a t e r  i s  used. 

Otherwise an unacceptable  va lue  due t o  t h e  i t e r a t i v e  behavior  i s  rep laced  

by t h a t  obtained f o r  t h e  next  lower numbered group. The ove r re l axa t ion  

c o e f f i c i e n t s  a r e  set  i n i t i a l l y  t o  

where uL i s  determined as follows, independently a t  each group. 
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._I... 

Let p = A from the one-dimensional calculation. Setting X = cos -1 p, 
n 

values of parameters are chosen, 

(A if reflected on only one side, 
a = X otherwise, and 

1.2a 

c1 otherwise. 

if reflected only top or bottom, 1 
a 

1 

In triagonal geometry if 1.5 times the number of rows < the number of 

columns, this value of 01 is multiplied by 1.50, except when there is 

rotational symmetry. 

2 

For two dimensional problems the eigenvalue is estimated as 

- cos a2 - 
'J 2 - cos ai' (718-6) 

For three dimensional problems, a third parameter is chosen, 

1.2a if reflected only front or 

a otherwise, 

1 

1 

and the associated eigenvalue estimated, 

cos c12 + cos a3 pJ = max 0.74536,  1 3 - cos a1 

If the number of groups exceeds 5, the 

calculate the overrelaxation coefficient is 

back, 

(718-7) 

eigenvalue estimate used to 

Next, outer iteration is done on the usual  eigenvalue problem normal- 

izing the fission source each iteration to its value the previous one. 

Flux values are obtained at each group f o r  the row simultaneously, and 

a Or if reflected on one side and there is rotational symmetry. 
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the eigenvalue of t he  dominating e r r o r  vec tor  i s  est imated by the  T, 1 norm, 

( 7 1.8 - 8 )  

This  e igenvalue i s  requi red  t o  s a t i s f y  the  same c r i t e r i a  as given above 

f o r  t-\e inne r  i t e r a t i o n  p r o c e s s  on A . n 
The one-dimensional multigroup f l u x  s o l u t i o n  is used f o r  

i n i t i a l i z a t i o n  along rows. A sepa rab le  f l u x  d i s t r i b u t i o n  i s  assumed and 

t h e  d i s t r i b u t i o n  €or  t h e  row is normalized t o  un i ty  a t  a s e l e c t e d  po in t  

and ad jus ted  t o  t h e  mesh and houndary coriditions f o r  t h e  second 

coord ina te ,  t h e  square  r o o t s  of  t h e  values  a r e  taken f o r  t h i s  second 

t r a v e r s e ,  and t h e  two-dimensional values  ca l cu la t ed  i n  t h e  sense  of  

@(x,y)  = $(x)@(y)  a t  each energy. Normally a cosine d i s t r i b u t i o n  is 

used across  plancs f o r  three-dimensional  problems as d iscussed  below w i t h  

account of  t h e  boundary condi t ions .  

In  t h e  event  t h a t  a s o l u t i o n  is  not  obtained f o r  a s e l e c t e d  

one-dimensional problem a s  d i scussed  above, cos ine  f l u x  d i s t r i b u t i o n s  

a r e  used as fo l lows .  The f l u x  d i s t r i b u t i o n  is assumed t o  be sepa rab le  i n  

t h e  sense of 

where $ ( g , r )  i.s t h e  f l u x  guess f o r  energy group g and space loca t ion  r, 

A(g) i s  determined by applying a neutron balance t o  a p o i n t  s e l e c t e d  i n  

the  dominant f u e l  zone, 

(718-13) 

where T(g)  i s  t h e  l o s s  term f o r  t he  group inc luding  a buckl ing l o s s  

a r b i t r a r i l y  with B s e t  t o  0.01; x ( g )  is t h e  f i s s i o n  source d i s t r i b u t i o n  2 

1 
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( i .e . ,  a u n i t  s o u r c e  d i s t r i b u t e d ) ,  and S(g) is t h e  i n s c a t t e r i n g  c r o s s  

s e c t i o n .  B(x), C(y) ,  and D ( z )  are determined f o r  t h e  i nd iv idua l  coord i -  

n a t e  d i r e c t i o n s  by t h e  r e l a t t o n s h i p ,  

(7 18 - 1. I - )  

where X i s  the d i s t a n c e  from t h e  boundary as fol1Qws: 

-I _.__I - 
Boundary Conditions 

xO 
(Lef t ,  Right) Jd 

I --- 

Ref 1 ec ted  , Ref 1 ecteda (Not used) (Not used) 

width 0 Ref lec ted ,  Extrapolated b 

Ext rapola ted ,  Ref lec ted  width width 

Ext rapola ted ,  Ext rapola ted  half-width hn . l f -wid th  

a 

bNonreturn o r  zero f l u x .  

__..-.I_Ii. L__ _I 

Or repea ted .  

When a f i x e d  source  conta ins  nega t ive  terms, t h e  above procedure 

i s  rep laced .  The f l u x  values  a r e  s e t  equal t o  t h e  f i x e d  source  values 

except: t h a t  where t h e  sourcie  i s  z e r o ,  a small value i s  a s s i g n e d  t o  

t h e  f l u x  t o  avoid c o n f l i c t  with t h e  i d e n t i f i c a t i o n  of  i n t e r n a l  black 

absorber  po in t s  with zero f l u x  va lues .  

-- The D e f a u l t  Procedure  €or I n i t i a l i z a t i o n  of A c c e l e r a t i o n  Parameters  

On user  op t ion  o r  under s p e c i a l  condi t ions  such as f a i l u r e  of  the 

one-dimensional problem i n i t i a l i z a t i o n  procedure,  a d e f a u l t  i n i t i a l i z a t i o n  

procedure is used. An estimate o f  t h e  inne r  i t e r a t i o n  problem s p e c t r a l  

r ad ius  is needed f o r  s e l e c t i o n  of an ove r re l axa t ion  c o e f f j c i e n t ,  
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An eigenvalue i s  ca l cu la t ed  for an i d e a l  mesh along each coord ina te  

f o r  a uniforiii mesh homogeneous problem based on h a l f  of  t h e  mesh po in t s  

t o  compensate f o r  a s i n k  term con t r ibu t ion ,  

(71 8- 13) 

where j r e f e r s  t o  a coord ina te  d i r e c t i o n ;  N .  i s  t h e  number of mesh 

i n t e r v a l s ;  and a. depends on t h e  boundary condi t ions :  0.5 f o r  zero f l u x  

or nonreturri ( ex t r apo la t ed )  boundaries a s soc ia t ed  with t h i s  coord ina te ,  

7 

J 

1 .0  i f  one boundary i s  r e f l e c t e d ,  o r  1 .5  i f  both a r e  r e f l e c t e d ,  bu t  

11 i s  then s e t  max (11 0.995) except f o r  t h e  f i r s t  coord ina te  d i r e c t i o n .  
j j '  

For l i n e  ove r re l axa t ion  along t h e  f i r s t  coord ina te  d i r e c t i o n ,  t h e  

" idea l"  e igenvalue is est imated as 

vL = j = 2  
J - p  ' (718-14) 

1 

where J is t h e  number of coord ina tes ,  2 o r  3 .  Note t h a t  f o r  t he  

one-dimensional problem with l i n e  r e l a x a t i o n ,  PIA = 0 ,  t h e  optirnum 

ove r re l axa t ion  c o e f f i c i e n t  i s  u n i t y ,  and ove r re l axa t ion  is  not  done. 

To allow f o r  dependence on t h e  r e l a t i v e  magnitudes of t h e  leakage 

cons tan ts  and t h e  t o t a l  l o s s  term i n  t h e  f i n i r e - d i f f e r e n c e  formulat ion,  

an i n t e r n a l  mesh po in t  l oca t ion  i s  s e l e c t e d  where %he product of t h e  

volume and vCf i s  l a r g e s t ,  and t h e  es t imate  of t h e  eigenvalue i s  

ad jus ted  by 
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(718-15) 

where C (g)  i s  t h e  t o t a l  l o s s  cons tan t  ( t h e  f in i te -d i f fe rence-e lement  

volume t i m e s  t h e  t o t a l  c ros s  s e c t i o n  f o r  o u t s c a t t e r  and absorp t ion  p l u s  

R ,  i 

t h e  buckl ing loss t e r m ,  mesh p o i n t  i ) , a n d  CSli(g) r e f e r s  t o  t h e  leakage 

cons tan t  a s soc ia t ed  wi th  a su r face  of t h e  element f o r  t h a t  energy group. 

Equation (718-13) i s  not  used if t h e  ove r re l axa t ion  c o e f f i c i e n t s  are 

f ixed  a t  a s i n g l e  va lue .  

The eigenvalue estimates obtained from Eq. (718-15) a r e  a r b i t r a r i l y  

ad jus ted  as fol lows 

Then only  i f  a < b,  

S e t t i n g  t h e  Number of Inner  I t e r a t i o n s  

Information was presented i n  t h e  previous s e c t i o n  regard ing  t h e  

dependence of t h e  ou te r  i t e r a t i o n  eigenvalue on t h e  d i f f i c u l t y  of 

t h e  inne r  i t e r a t i o n  process .  However, our t e s t i n g  has  not  produced 
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a gene ra l ly  accep tab le  opt imizing formulat ion has not  been found. We 

s t i l l  f i n d  problems where t h e  Chebyshev a c c e l e r a t i o n  procedure on ou te r  

i t e r a t i o n  causes  t h e  i t e r a t i o n  process  t o  be non-convergent even i f  many 

inner  i t e r a t i o n s  a r e  done, and t h e  c l a s s  of problems f o r  which t h i s  i s  

the s i tua t - inn  h a s  not  been s i m D l v  i d e n t i f i e d .  Presented he re  i s  the 

procedure f o r  s e l e c t i n g  t h e  number o f  i nne r  i t e r a t i o n s  i n  use  f o r  the  

cu r ren t  r e l e a s e  ve r s ion  of t he  code. We cont inue  a s tudy of t h e  re- 

quirements and expect t o  improve t h i s  procedure given more experience 

with r e s u l t s  from wide a p p l i c a t i o n .  In t h e  mode of d a t a  handling re- 

quired t o  s c l v e  l a r g e  three-dimensional problems, it i s  most d e s i r a b l e  

t o  p r e s e l e c t  i-he number of i nne r  i t e r a t i o n s  t o  be done. The impact of 

increas ing  t h e  d a t a  t r a n s f e r  t o  do more inner  i t e r a t i o n s  i s  not  simply 

assessed .  

number of i nne r  i t e r a t i o n s  t o  i nc rease  as t h e  number of neutron groups 

inc reases ,  and more memory i s  needed t o  con ta in  s u f f i c i e n t  p lanes  of 

d a t a  t o  minimize d a t a  t r a n s f e r  as t h e  number of i n n e r  i t e r a t i o n s  i s  

increased.  

The u s e r  should be a w a r e  t h a t  t h i s  procedure causes  t h e  

Unless overr idden by input  i n s t r u c t i o n s  , the x:uciLer of iiinrr i t e r a -  

t i o n s  i s  set as fol lows:  

I = max [ 4 ,  $1 , min 

where L is  t h e  number of inner  i t e r a t i o n s  requi red  t o  sweep t h e  boundary 

condi t ions  ac ross  t h e  problem wi th  normal o rde r ing ,  and L i s  the  number 

o f  inner  i t e r a t i o n s  requi red  t o  sweep t h e  boundary condi t ions  ac ross  t h e  

n 
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problem wi th  t h e  o rde r ing  t o  be  used (normal, p a r t i a l  01 or  01, discussed  

e a r l i e r ) .  Thus w e  s eek  prop4gat ion i n  10 ou te r  i t e r a t i o n s  except f o r  t h e  

l a r g e s t  problems. 

For t h a t  group having t h e  l a r g e s t  ove r re l axa t ion  c o e f f i c i e n t ,  an  

i n i t i a l  estimate of t h e  number of i nne r  i t e r a t i o n s  i s  set a t  

I1 = rnin I [ max’ 

Wh’ere A i s  assigned a va lue  as fol lows:  

(718-17) 

Chebyshev a c c e l e r a t i o n  t o  be done 

N o  u p s c a t t e r  

With u p s c a t t e r  

... 

Since  t h e  c o s t  pena l ty  of o u t e r  i t e r a t i o n  r e l a t i v e  t o  inne r  i tera-  

t i o n  gene ra l ly  inc reases  as t h e  number of groups inc reases ,  t h e  r e fe rence  

i n i t i a l  i nne r  i t e r a t i o n  estimate i s  ad jus t ed  by t h e  fo l lowing  formulat ion 

t o  approximate an  economic optimum: 

12 = min (20, 11 [ma. (1.0, :+) O m 2 ] )  , (718-18) 

where B i s  t h e  maximum downscat ter  band i n  groups. 

This va lue  may be  reduced by one i f  this s i g n i f i c a n t l y  reduces t h e  

amount of d a t a  t r a n s f e r .  

Then a t  each group, t h e  number of i nne r  i t e r a t i o n s  i s  set a t  

(718-19) 
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except t h a t  .T i s  set  t o  u n i t y  f o r  one-dimensional problems, and a l s o  

f a r  a l l  o t h e r s  f o r  which t h e  t o t a l  number of space, energy mesh p o i n t s  

< 1 4 4  provided t h a t  t h e  problem w i l l  be  solved i n  t h e  all d a t a  s t o r e d  

mode. 

Outer I terat i021 L i m i t  

General ly  t h e  user  is expected t o  supply a maximum number of ou te r  

i t e r a t i o n s  which causes  t:ermination of t h e  i t e r a t i o n  process  when t h e  

i t e r a t i o n  count reaches t h i s  va lue .  When no va lue  is  suppl ied ,  an 

e s t ima te  i s  provided and used by the  code. 

s e r v a t i v e l y  high estimate, but  r a t h e r  a reasonable  estimate given t h e  

a v a i l a b l e  information. The estimate i s  as f o l l o w s  which may be u s e f u l  

f o r  e s t ima t ing  computation c o s t  

from t h e  requirements f o r  a c l a s s  of problems of i n t e r e s t :  

It i s  not  u sua l ly  a con- 

e s p e c i a l l y  given a d d i t i o n a l  information 

N = may (20 ,  - A RnE ), 4) 
L -1 

51 ’ &nu where A = max (l.59 - ---I Y (718-20) 

( A  without Chebyshev a c c e l e r a t i o n ,  
Y ’  I[$ ( 2 - A - 2 a  I] O a 4  otherwise,  

N = maximum number of ou te r  i t e r a t l o n s ,  

J = maximurn number of inner  i t e r a t i o n s ,  

I = minimum number of i nne r  i t e r a t i o n s ,  

L = number of i t e r a t i o n s  requi red  t o  e f f e c t  f u l l  propagat ion,  

E = s p e c i f i e d  maximum r e l a t i v e  f l u x  change on ou te r  i t e r a t i o n ,  
6 
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X = est imated dominant o u t e r  i t e r a t i o n  e r r o r  vec to r  e igenvalue 

wi th  normal ordered sweeps, and 

max = maximum ove r re l axa t ion  c o e f f i c i e n t .  B 

Data no t  a p p l i c a b l e  o r  no t  a v a i l a b l e  is dropped out  (L /L  i s  set t o  

zero f a r  one-dimensional problems). Note t h a t  t h e  default t o  one inner  

i t e r a t i o n  f o r  s m a l l  problems w i l l  cause  more o u t e r  i t e r a t i o n s  t o  be re- 

quired than  i f  s e v e r a l  i nne r  i t e r a t i o n s  w e r e  done, perhaps r equ i r ing  a 

l a r g e r  maximum t o  be s p e c i f i e d  than  t y p i c a l .  

d a t a  processor  f o r  d a t a  f o r  t h e  VENTURE code y e t  sets t h e  va lue  of N = 50 

i f  i npu t  0. 

Also,  t h e  s p e c i a l  i npu t  

END OF SECTION 

_. .... 
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Section 720: R e l i a b i l i t y  of S o l u t i o n  

A s o l u t i o n  obta ined  by an i t e r a t i v e  process is  gene ra l ly  no t  

e n t i r e l y  converged, 

c r i t e r i a .  Therefore ,  t h e  u s e r  r e l a x e s  t h e  c r i t e r i a  t o  t h e  e x t e n t  

p o s s i b l e  which w i l l  s t i l l  cause t h e  r e s u l t  t o  s a t i s f y  t h e  p a r t i c u l a r  

needs.  

is not  d i r e c t l y  a v a i l a b l e  from t h e  i t e r a t i v e  r e s u l t s ,  

measure of r e l i a b i l i t y  i s ,  however, o f  c r i t i c a l  importance. 

I t  i s  uneconomical t o  s a t i s f y  t i g h t  convergence 

Unfortunately,  a s imple measure of  t h e  r e l i a b i l i t y  of a s o l u t i o n  

A s a t i s f a c t o r y  

If t h e  i n n e r  i t e r a t i o n s  were continued enough times, t h e  f l u x  $n+l 

i n  Eq .  (716-1) would s a t i s f y  t h e  r e l a t i o n s h i p  i n  E q .  (720-1) provided 

t h e r e  were no u p s c a t t e r :  

(720-1) 

... ... 

The process  could now be w r i t t e n  as 

1 yn+r = M Yn . 
n 

Under t h i s  cond i t ion ,  bounds on ke can be i d e n t i f i e d  and c a l c u l a t e d  as 

simply t h e  maximum and minimum r a t i o s  of  t h e  source ,  components of Y, 

between o u t e r  i t e r a t i o n s ,  times k . Use has been made o f  t hese  bounds, 

e s p e c i a l l y  i n  t h e  PDQ s e r i e s  of  codes.  Unfortunately,  t h e  bounded range 

tends t o  be wide a t  low l e v e l s  o f  convergence, and r e l a x a t i o n  of  t h e  

n 
a 

%. R.  Cadwell, WAPD-TM-179. 
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i nne r  i t e r a t i o n  convergence des t roys  t h e  proof t h a t  t h e  es t imates  a r e  

bounds. Only with a r e l a t i v e l y  l a r g e  number of i nne r  i t e r a t i o n s  does 

one have assurance t h a t  'oounds have been i d e n t i f i e d .  

O F  i n n e r  i t e r a t i o n s  f o r  problem s o l u t i o n ,  considered he re  t o  minimize 

the  computation c o s t ,  may be f a r  

bounds on t h e  eigenvalue a r c  e s t ab l i shed .  

measure of r e l i a b i l i t y .  

'The optimum number 

fewer than  are requi red  t o  i n su re  t h a t  

Thus, we seek an a l t e r n a t i v e  

?'he Maximum Re la t ive  Flux Change 
l . . _ _ l _ _ ~ . . _ - ~  

The i t e r a t i v e  process ,  Eq. (716-1), may be descr ibed  as 

(720  - 2 )  

where t h e  f l u x  vec tor  froiii ou te r  i t e r a t i o n  n i s  operated on by the  

i t e r a t i o n  iiiatrix M The i t e r a t i o n  mat r ix  

M is i t e r a t i o n  dependent because it conta ins  t h e  l a t e s t  es t imate  o f  k e .  

Bounds on t h e  l a r g e s t  e igenvalue o r  s p e c t r a l  r ad ius  o f  M can be 

ca l cu la t ed .  

X i ,  and t h e  elements of M t o  be a . . .  

of t he  elcnients . 

t o  genera te  t h e  new es t ima te .  n 

a Consider t he  s e t  o f  components of  t he  f l u x  vec to r  Cp t o  be 

Now consider  the  new mat r ix  formed 
1 J  

X 
b i j  - - a.  . j . 

11 x. 
1 

The new matr ix  i s  t h e  r e s u l t  of  performing t h e  opera t ion  P-lMP; 

t h e r e f o r e ,  i t  is similar t o  t h e  mat r ix  M and has t h e  same eigenvalues .  

The s p e c t r a l  r ad ius  of t h i s  new mat r ix  i s  bound by t h e  maximum and t h e  

minimum of sums along columns o r  rows. 

t h e  r a t i o  of f l u x  values  a t  one po in t  between o u t e r  i t e r a t i o n s .  

The sum along a row i s  simply 

Due t o  M .  L .  Tobias,  unpublished. a 
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Therefore  

_. .. . 

... 

X 

X i i'n ,n-1 1 (720-3) 

Since p(M ) must tend t o  u n i t y ,  an i n d i c a t i o n  t h a t  t h e  i t e r a t i v e  process  

i s  convergent is t h a t  
n 

IEO,nl< IEOYn-1 1 3 (720-4) 

where 

= lmaxl ~- ' i ,n - i ,n-1 
i y ~ ~ - l  X E 

QYn (720-5) 

Fur the r ,  P(M ) i s  bounded by 1 k IE 
correspondence between bounds on k 

n 
appears i n  M.  

i n  kll is  

I .  There i s  no t  a one t o  one 
n O>n 

and on p(Mn) because of  t h e  way kn 

However, a reasonable  estimate of  t h e  probable  unce r t a in ty  

(720-6) 

Occasional ly ,  a r e s u l t  fa l ls  o u t s i d e  of t h i s  range,  so it should be 

i n t e r p r e t e d  as an approximate bound, perhaps two s tandard  d e v i a t i o n s .  

Increas ing  t h e  number of  i n n e r  i t e r a t i o n s  gene ra l ly  inc reases  t h e  

r e l i a b i l i t y  of  t h i s  bound, excluding t h e  u p s c a t t e r i n g  problem. 

Q J n  
The VENTURE code tests E aga ins t  a s p e c i f i e d  convergence 

c r i t e r i o n  as t h e  primary way an acceptab le  s o l u t i o n  i s  i d e n t i f i e d  and 

t h e  i t e r a t i o n  process  is d iscont inued .  'Ihus, i f  t h e  es t imated  k is 

d e s i r e d  t o  wi th in  0.01 pe rcen t ,  t h e  c r i t e r i o n  on t h e  convergence o f  t h e  

p o i n t  f l uxes  should be 0.0001. Quite  gene ra l ly  a va lue  of  0.00005 is  
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recommended f o r  wide u s e ;  a smal le r  va lue  when necessary ,  and a l a r g e r  

va lue  f o r  s i t u a t i o n s  where a lower degree o f  convergence i s  acceptab le .  

A t  t h e  time tliis is  w r i t t e n ,  i t  appears t h a t  t h e  pena l ty  a s soc ia t ed  

w i t h  reaccess  and/or s t o r i n g  away a copy o f  t he  i t e r a t e  f l u x  s e t  f o r  

each i t e r a t i o n  as necessary t o  determine t h e  maximum r e l a t i v e  po in t  

f l u x  change i s  not  j u s t i f i e d .  

p o i n t  f l u x  may be  t e s t e d  and the  maximum f o r  t h a t  i i iner i t e r a t i o n  

determined. ' lhus ,  a t  one energy g ,  o u t e r  i t e r a t i o n  n aid inner  

iteration m ,  we c a l c u l a t e  

A s  an a l t e r n a t i v e ,  each reeva lua ted  

by group g f o r  ou.ter i t e r a t i o n  n,  i i iner i t e r a t i o n  m. 

'lhen over t h e  inne r  i t e r a t i o n s ,  t ak ing  

= I I r  , and 
m g,n,m 

anti f i nd ing  t h e  rnaxiinum over  a l l  g ,  

w :: 
n 

Thus t h e  convergence proper ty  tes ted by E 

Experience with i t s  use i n d i c a t e s  t h a t  ]wn1  >> IE  
i s  a l so  t e s t e d  by w n >  

(P 3n 
I during t h e  early 4 , n  
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i t e r a t i v e  h i s t o r y ,  bu t  u sua l ly  approaches i t s  va lue  by t h a t  s t a g e  o f  t h e  

c a l c u l a t i o n  when t h e  convergence l e v e l  i s  low enough t o  te rmina te  t h e  

process .  

I t  should be noted t h a t  t h e  d i scuss ion  above is  d i r e c t e d  a t  t h e  

r e l i a b i l i t y  o f  a s o l u t i o n  regard ing  t h e  e r r o r  due t o  lack  of convergence 

of t h e  i t e r a t i v e  process> not  t h e  error  a s soc ia t ed  with the  f i n i t e -  

d i f f e r e n c e  approximations,  t h e  use of  d i f f u s i o n  theory ,  o r  t h e  d i s c r e t e  

energy group r ep resen ta t ion .  

The Residues Estimate 

An independent measure o f  r e l i a b i l i t y  is a l s o  a v a i l a b l e  unless  

overr idden by use r .  

which minimizes t h e  sum of  t h e  squares o f  t h e  residues of  t h e  po in t  

neutron balance equat ions cast  i n  t h e  form of  a c t u a l  r e a c t i o n  rates. The 

r c s i d u e  R is def ined  as 

The va lue  of t h e  m u l t i p l i c a t i o n  f a c t o r  i s  determined 

i 

( 7 2 0 - 7 )  

where K .  i s  t h e  r e s i d u e  which would be zero if t h e  problem were completely 

converged, F .  i s  t h e  a s soc ia t ed  f i s s i o n  source ,  S .  i s  t h e  i n s c a t t e r i n g  

p lus  in leakage  term, and T.  i s  t h e  t o t a l  removal and out leakage term. 

Each of  t h e  above terms is  eva lua ted  with the  s o l u t i o n  f l u x  vec to r  

components. Summing equat ions and determining 

1 

1 1 

1 

(720-8)  



720- 6 

Experience has shown t h e  r e s idues  estimate of  t h e  m u l t i p l i c a t i o n  

cons tan t  t o  be q u i t e  u s e f u l ,  e s p e c i a l l y  when a problem solved has  an 

unfami l ia r  i t e r a t i v e  behavior .  I f  t h e  r e s idues  es t imate  d i f f c r s  

markedly from t h e  va lue  used i n  t h e  i t c r a t i v e  process ,  then  the  problem 

is  no t  converged. 

The ana lys t  wants t o  know the  b e s t  e s t ima te  of  t h e  m u l t i p l i c a t i o n  

f a c t o r  f o r  a problem, c s p e c i a l l y  of concern when convergence c r i t e r i a  has 

been r e l axed .  Rcsul ts  from a wide range of problems i n d i c a t e  t h a t  t h e  

res idues  e s t ima te  is o f t e n  not  s u p e r i o r  t o  t h a t  from the neutron balance 

used i n  t h e  c a l c u l a t i o n .  We suggest  simply averaging t h e  two va lues .  

In  some s i t u a t i o n s ,  even t h e  r e s idues  e s t ima te  o f  k w i l l  no t  

r e f l e c t  l ack  of Convergence, one case being t h a t  where the flux i s  quite 

I l a t  over much of the system. 

used at each space-energy p o i n t  having fission source to yield tndepend- 

ent bounds on k 

e 

The po in t  neutron balance equations are 

e 

1 - F + si = Ti kb i 

(720-9) 
F; 

and maximum and minimum values  of k a r e  determined as bounds. 

Unfortunately,  i n  most s i t u a t i o n s  t h e r e  are loca t ions  where t h e  magnitude 

of  Fi i s  small r e l a t i v e  t o  Si, due e i t h e r  t o  small values  of  t h e  

macroscopic product ion c ross  s e c t i o n s  (v Cf) o r  a small d i s t r i b u t i o n  

f a c t o r ,  causing the  bound es t imates  t o  be u s e l e s s l y  wide. For more 

use fu l  estimates we r e s t r i c t  t h e  t es t  t o  loca t ions  and energy groups 

b 
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... .. . 
where "/Si > 0.0001 i f  Si > 0.  Since S. is zero f o r  t h e  f irst  energy 

group, a l l  o f  t h e  f i r s t - g r o u p  equat ions a r e  always considered.  A u s e r  

must r e l y  on experience i n  a s ses s ing  t h e  r e s u l t s  o f  such tests.  

1 

Premature Termination 

The i t e r a t i v e  process  may be terminated be fo re  an acceptab le  

convergence l e v e l  i s  achieved. The o u t e r  i t e r a t i o n  count may reach 

t h e  l i m i t  allowed. Cont inuat ion i s  gene ra l ly  no t  allowed i n  t h e  event  

of machine e r r o r ,  as i n  d a t a  t r a n s f e r ,  because an unreasonable amount of  

time may be r equ i r ed  f o r  recovery from such e r r o r .  

d i v i s i o n  by zero o r  exponent ia l  underflow o r  overflow a r e  deemed f a t a l  

e r r o r s  i n  t h i s  program. 

An at tempt  a t  

Another mode of  automatic  te rmina t ion  has  r e c e n t l y  been implemented. 

The number of  block d a t a  t r a n s f e r s  requi red  f o r  a f u l l  ou te r  i t e r a t i o n  

is determined. The number y e t  allowed before  te rmina t ion  by t h e  ope ra t ing  

system (as dependent on t h e  job  con t ro l  i n s t r u c t i o n s  and p a s t  usage) i s  

accessed and te rmina t ion  i n i t i a t e d  i f  less than  4 o u t e r  i t e r a t i o n s  would 

cause system te rmina t ion ,  o r  1 2  i f  t h e  pe r tu rba t ion  i n t e g r a l s  are t o  be 

done. The r e s idues  sweep o f  t h e  equat ions i s  made and wrap-up procedures 

followed regard ing  t h e  c a l c u l a t i o n  of  der ived r e s u l t s  and wr i t i ng  d a t a  

on f i l e s .  This p r o c e d u r e i s  a l s o  executed i f  t h e  remaining processor  

t i m e  allowed f o r  t h e  job  is  inadequate  for t h e  same number o f  i t e r a t i o n s ,  

o r  i f  t h e  u s e r  s p e c i f i e d  processor  t i m e  l i m i t  f o r  t h e  problem ( t h i s  

access of t h e  neut ronics  code) i s  exceeded. 

The a c c e p t a b i l i t y ,  r e l i a b i l i t y  o f  r e s u l t s  from an i t e r a t i v e  

procedure terminated prematurely must be quest ioned.  
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The Absolute Error  
~ ._.._..__..__ ____- 

The r e spons ib l e  ana lys t  must have some concern f o r  t-he abso lu te  

e r r o r  p o s s i b l e  i n  a repor ted  s o l u t i o n  a s soc ia t ed  with lack  of convergence 

o f  t h e  i t e r a t i v e  process .  Ce r t a in ly  the  i t e r a t i v e  change i n  any i n t e g r a l  

quan t i ty  must be siiiall i f  t h e  abso lu te  e r r o r  i s  small. However, t h e  

m u l t i p l i c a t i o n  f a c t o r  ca l cu la t ed  f o r  two success ive  i t e r a t i o n s  may be 

nea r ly  t h e  same and y e t  d i f f e r  considerably from a proper  s o l u t i o n .  

An i n d i c a t i o n  0% the  abso lu te  e r r o r  i s  a v a i l a b l e  from repor t ed  

es t imates  of  t h e  eigenvalue of  t h e  o v e r a l l  i t e r a t i v e  process  which 

dominates asymptot ic .  See Sect ion 716 f o r  f u r t h e r  d i scuss ion .  When 

i n  t h i s  asymptotic mode, t h i s  e igenvalue 1-1 i s  r e l a t e d  t o  t h e  i t e r a t e  

po in t  f l u x  values  by 

x - x  n n-1 
1 - I =  

'n-1 xn-2 ' 

where n r e f e r s  t o  ou te r  i t e r a t i o n ,  and 

Thus, p i s  a d i r e c t  measure of  t he  abso lu te  e r r o r  reduct ion  each 

i t e r a t i o n  I Fur ther  

(720 -10) 

(720 - 11) 

(720-1 2 )  

t h a t  i s ,  an estimate o f  t h e  r a t i o  o f  t h e  absolu te  e r r o r  t o  the  i t e r a t  

change is  given d i r e c t l y .  Given t h e  maximum r e l a t i v e  f l u x  change, 

t h e  abso lu te  e r r o r  i n  t h e  l o c a l  f l u x  is  est imated and repor ted  as 

ve 
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where t h e  va lue  of 1-( is  t h a t  ob ta ined  t h e  l as t  t i m e  t h e  s i n g l e  e r r o r  modc 

e x t r a p o l a t i o n  c r i t e r i a  was s a t i s f i e d ,  o r  t h e  upper bound e s t ima te  of t h c  

eigenvalue band when Chebyshev a c c e l e r a t i o n  is  done. 

Since t h e  procedure of c a l c u l a t i o n  a t tempts  t o  make use  o f  t h i s  

information and apply asymptot ic  e x t r a p o l a t i o n ,  r epor t ed  va lues  of 11 each 

i t e r a t i o n  have l i m i t e d  u t i l i t y .  Ilowever, asymptotic ex t r apo la t ion  i s  

only done when i t  appears t h a t  an aysmptot ic  mode has developed. 

t h e  e s t ima te  o f  1-1 a t  t h a t  p o i n t  i n  t h e  c a l c u l a t i o n  i s  of i n t e r e s t ,  

Thus,  

e s p e c i a l l y  so  i f  t h e  e x t r a p o l a t i o n  was e f f e c t i v e  as i n d i c a t e d  by 

subsequent va lues  of being cons iderably  smaller than before  

e x t r a p o l a t i o n .  In  applying E q .  (72O-13), t h e  l a r g e s t  e igenvalue o f  t h e  

i t e r a t i v e  process  should be used,  no t  a smaller one associ-ated with t h e  

dominating e r r o r  con t r ibu t ion  a t  any s t a g e  o f  the ca lcu la t . ion ,  nor any 

unusual ly  large e s t ima te  of i t .  Note t h a t  we recommend use  of  t h e  f a c t o r  

E ~ ,  which makes a primary con t r ibu t ion  i n  E q .  (720-13), as t h e  primary 

u s e r  con t ro l  f o r  te rmina t ion  of  t h e  i t e r a t i v e  process. 

i t e r a t e  estimates of the  eigenvalue of t h e  problem ( t h e  m u l t i p l i c a t i o n  

f a c t o r  o r  search  problem eigenvalue)  a r e  u n r e l i a b l e  a t  b e s t  I e s p e c i a l l y  

when a c c e l e r a t i o n  schemes are used. 

Tests on t h e  

F i n a l l y  we cau t ion  t h e  users t h a t  f u l l  propagat ion of boundary 

condi t ions  ac ross  a problem i s  e s s e n t i a l  for r e l i a b l e  r e s u l t s  which 

r e q u i r e s  a minimum product  of t h e  numbers of  o u t e r  and inne r  i t e r a t i o n s  

(see t h e  d i scuss ion  about sweep o rde r  i n  Sec t ion  716) .  

END OF SECTION 
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Sect ion 721: Per turba t ion  

. .- 

Discuss i o n  

The equat ions used t o  estimate t h e  e f f e c t  o f  small changes are 

d iscussed  he re .  F i r s t  o r d e r  p e r t u r b a t i o n  theory  is appl ied  which is  

p r e c i s e  only i n  t h e  l i m i t  o f  zero change. The a d j o i n t  f l u x  is  used which 

r e q u i r e s  s o l u t i o n  of  t h i s  s p e c i a l  problem. 

d i f f e r e n c e  equat ions must be d e a l t  with r a t h e r  than a continuum 

in t roduces  complexity. 

The fact  t h a t  f i n i t e -  

The fol lowing d i scuss ion  conta ins  an in t roduc t ion  cast i n  s imple 

terms. This is intended t o  h e l p  t h e  r eade r  who d e s i r e s  t o  understand t h e  

s u b j e c t  from a p r a c t i c a l  s t andpo in t .  Then t h e  a c t u a l  equat ions used i n  

t h e  code are presented .  A t h e o r e t i c a l  a n a l y s i s  has  been presented .a  

Consider a neutron balance a s soc ia t ed  with t h e  f i n i t e - d i f f e r e n c e  

volume about a mesh p o i n t  f o r  a one-energy-group, one-dimensional s l a b  

geometry problem. With usua l  terminology, 

Source = Removal + Leakage, o r  

1 - v Z ~ , ~  Vi Qi = CiViqi + DiAi 

where i refers t o  a l o c a t i o n ,  

(721-1) 

V refers t o  volume, A t o  t h e  leakage 

s u r f a c e ,  and A t o  mesh spacing.  Let A,+l = Ai . 
A change i n  t h e  nuc lea r  p r o p e r t i e s  would change t h e  f l u x  d i s t r ibu t ion  

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

and cons ider  t h e  p a r t i a l  d e r i v a t i v e  o f  terms of  Eq .  (721-1) with 

r e s p e c t  t o  Ci.  This opera t ion  gives  

Let us neg lec t  t h e  change i n  f l u x  

%elv in  Tobias,  T. B. Fowler and D .  R.  Vondy, "Firs t -Order  Pe r tu rba t ion  
' f ieory as used i n  t h e  Multigroup Dif fus ion  Code EXTERMINATOR-2," USAEC 
Report ,  OWL-lM-1741 (January 1967). 
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Considering change i n  C 

and summing equat ions gives  

only a t  c e r t a i n  po in t s  wi th in  some ma te r i a l  rn i 

I 1 
Since a(-) = - 7 ak , 

k k 

I f  we simply accept  t h a t  E q .  (721-1) may be inu l t ip l ied  through by a 

weighting f a c t o r ,  namely t h e  a d j o i n t  f l ux ,  +:9 which w i l l  cause both $.$I* 

and t h e  f l u x  s lope  i n  t h e  leakage terms t o  be i n v a r i a n t ,  i nc reas ing  t h e  

accuracy, then t h e  r e s u l t  becomes 

1.1 

(721-2) 

This expresses  t h e  change i n  t h e  m u l t i p l i c a t i o n  f a c t o r  a s soc ia t ed  with a 

u n i t  change i n  t h e  c ross  s e c t i o n .  S imi l a r ly  

(721-3) 
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Also, 

(721-4) 

where t h e  reg ion  o f  i n t e r e s t  m m u s t  be f o r  v C 

assoc ia t ed  with material i n t e r f a c e s  have been avoided he re ,  and t h e  

equat ions m u s t  be extended t o  cons ider  more than  one group and o t h e r  

dimensions, and t o  t rea t  t h e  t rans-group s c a t t e r i n g .  

# 0.  Complications f , i  

Once t h e  changes due t o  changes i n  macroscopic c ross  s e c t i o n s  have 

been determined, t h e  e f f e c t s  o f  nuc l ide  d e n s i t y  changes may be obtained,  

bu t  no t  i n  t h e  VENTURE code. Adding con t r ibu t ions  gives  

where N 

app ropr i a t e  c ros s  s e c t i o n s .  

Since 

i s  t h e  d e n s i t y  of a nuc l ide  i n  reg ion  m and index j i s  over  
b ,m 
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(721-6) 

This does assume c o n s i s t e n t  t rea tment  over t h e  ind iv idua l  zones of 

material. 

i n  accuracy as t h e  amount of change i n c r e a s e s ,  i s  then  

’Ihe e s t ima te  of  t h e  e f f e c t  of an a c t u a l  change, decreas ing  

Ak ak ..___ 
kANb kaNb * 

(721-7) 

~- The Pe r tu rba t ion  Equations 

Within reg ion  m ,  t h e  change i n  m u l t i p l i c a t i o n  f a c t o r  r e l a t i v e  t o  

change i n  a macroscopic proper ty  i s  c a l c u l a t e d  as 

(721-8) 

where XI1l,n r e f e r s  t o  a macroscopic proper ty  i n  reg ion  i n , i  refers t o  a 

space p o i n t  i n  geometric space and g and n t o  energy groups.  

def ined  below. 

Gi i s  

I t  i s  assumed i n  t h i s  d i scuss ion  t h a t  1 X(m,g) = 1. 
g 

(721-9) 

(721-10) 



X = D(n) 
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(721-11) 

G~ (n) = 1 A material i n t e r f a c e s ,  o r  
j ' 1  

any b lack  boundary. 

Here j r e f e r s  t o  each o f  t h e  n e a r e s t  neighboring mesh p o i n t s ,  A .  i s  t h e  

normal leakage area, and Ai i s  t h e  d i s t a n c e  from a p o i n t  t o  t h e  

appropri .ate i n t e r f a c e  between mesh p o i n t s .  C (n) i s  t h e  i n t e r n a l  o r  

e x t e r n a l  b lack  boundary cons tan t  ( see  Sec t ion  702). A t  r e f l e c t i n g  

boundaries t h e r e  i s  zero con t r ibu t ion .  

1 

S 

X = v C,(n) 

(721-12) 

Ca lcu la t ion  of a temperature  o r  power c o e f f i c i e n t  of  r e a c t i v i t y  

would be done d i r e c t l y  from t h e  p a r t i a l  d e r i v a t i v e s  d iscussed  above 

us ing  a d d i t i o n a l  d a t a ,  
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where X r e f e r s  t o  each con t r ibu t ing  macroscopic proper ty  inc luding  c ross  

s e c t i o n s  and d i f f u s i o n  cons t an t s .  To cons ider  t h e  general  s i tc ia t ion ,  

d i s c r e t e  changes would have t o  be considered.  Thus resoIiance c a l c u l a t i o n s  

may be clone a t  two tcinperatures r ep resen t ing  some des i r ed  change,and 

t h e  generated microscopic d a t a  used i n  t h e  form: 

R 

(721 -13) 

where X (P  ) r e f e r s  t o  a macroscopjc c ross  s e c t i o n  deterrnined from 

i n i t i a l  nuc l ide  d e n s i t i e s  and t h e  o r i g i n a l l y  s p e c i f i e d  microscopic 

c ross  s e c t i o n s ;  X (P ) r e f e r s  t o  t h e  a l t e r e d  va lue  due t o  s p e c i f i e d  

changes i n  nuc l ide  d e n s i t i e s  and new microscopic d a t a .  

R 1  

R 2  

Importance maps over space inay be obta ined .  "Importance" i s  used 

he re  t o  mean t h e  con t r ibu t ion  t o  t h e  m u l t i p l i c a t i o n  f a c t o r  pe r  u n i t  

volume froin some f a c t o r ,  namely 

(721 -14)  

f o r  t h e  one-group s i t u a t i o n  t r e a t e d  above, where i rep resen t s  a mesh 

po in t  l o c a t i o n  and t h e  con t r ibu t ion  from component c t o  t h e  macroscopic 

c ross  s e c t i o n  X on a u n i t  volume b a s i s  i s  shown t o  be given t h e  f l u x  

times a d j o i n t  weighting. 

Prompt Neutron Lifetime 

For t h e  e s t ima te  of t h e  prompt neutron l i f e t i m e ,  t h e  weighting i s  

of  r ec ip roca l  neutron v e l o c i t y ,  E q .  (721-15) app l i e s  

(721-15) 
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Resul ts  Produced 

Given forward and a d j o i n t  f l u x  s o l u t i o n s ,  t h e  d e r i v a t i v e s  of  k w i t h  

r e s p e c t  t o  each macroscopic (zone) c ross  s e c t i o n  are ca l cu la t ed  and 

e d i t e d ,  Eqs. (721-9) through (721-12) above. No c a l c u l a t i o n s  are done 

which r e q u i r e  reaccess  of  microscopic d a t a  o r  nuc l ide  concen t r a t ions .  

The b a s i c  zone i n t e g r a l s ,  V . @ . @ X ,  are w r i t t e n  on an i n t e r f a c e  d a t a  f i l e  

f o r  f u r t h e r  use.  On op t ion ,  pointwise importance maps are e d i t e d  of  
1 1 1  

VCf , Ca, and VCf -- Ea. 

To produce a d d i t i o n a l  information a t  t h e  macroscopic c ros s  s e c t i o n  

leve l ,  t h e  e f f e c t s  o f  r e l a t i v e  changes i n  t h e  c ross  s e c t i o n s  are 

ca l cu la t ed .  Consider 

(721. - 16) 
... 

where f r ep resen t s  a f r a c t i o n a l  change, s e t  t o  u n i t y  f o r  t h e  c a l c u l a t i o n s  

(100% change). The con t r ibu t ions  t o  Ak a r e  determined f o r  neutron 

product ion ,  absorp t ion ,  s c a t t e r i n g  and t r a n s p o r t  and t h e  t o t a l  f o r  t h c  

common va lue  of  f u n i t y .  

energy, zone dependence, summed over  zones t o  y i e l d  energy dependence, 

summed over  energy t o  y i e l d  zone dependence, and t o t a l s  are gcnerated.  

These r e s u l t s  are e d i t e d  by opt ion  t o  r e f l e c t  

Addi t iona l  information is produced t o  i n d i c a t e  t h e  e f f e c t  of 

u n c e r t a i n t i e s  a t  t h e  macroscopic cross s e c t i o n  l e v e l .  Consider t h a t  i n  

an unce r t a in ty  sense ,  

(721-17) 

and aga in  f i s  se t  a t  u n i t y .  The r e s u l t s  are obta ined  f o r  ind iv idua l  

c o n t r i b u t i o n s ,  summed over  zones, energy, zones and energy,  and 
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ind iv idua l  components added. In  t h i s  c a l c u l a t i o n ,  t r a n s f e r  from group- 

to-group is  t r e a t e d  as an e n t i t y  ( lo s s  and source ) ,  c o r r e l a t e d  r a t h e r  

than independent.  

END OF SECTION 
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CONCLUSION AND GLOSSARY 

We expect  t h i s  code block and i t s  documentation t o  improve with 

Feedback o f  information from a n a l y s t s  applying t h e  procedures time. 

t o  genera l  s i t u a t i o n s  and q u i t e  s p e c i a l  problems allows upgrading t h e  

c a p a b i l i t y ;  it a l s o  permits  t h e  documentation t o  be improved, removal 

of e r r o r s  and incons i s t enc ie s  and expansion o f  t h e  coverage to f u r t h e r  

address  and c l a r i f y  troublesome a r e a s .  Keep us posted1 

The c a p a b i l i t y  contained i n  t h e  VENTURE code block is a d i r e c t  

r e f l e c t i o n  of  experience i n  nuc lea r  r e a c t o r  a n a l y s i s  and t h e  requirements 

found over  a pe r iod  o f  yea r s  a t  ORNL. Severa l  a n a l y s t s  have made 

d i r e c t  con t r ibu t ions .  Methods i n  use  have undergone a cont inuing  

improvement which has been i n  p a r t  a t r i a l - a n d - e r r o r  process ,  bu t  a l s o  

b e n e f i t t e d  from t h e  d i r e c t  con t r ibu t ions  of s e v e r a l  i n d i v i d u a l s ,  and w e  

p a r t i c u l a r l y  acknowledge those of M .  L .  Tobias.  

A g lossa ry  fol lows which i s  intended t o  convey an intended meaning 

of c e r t a i n  terms used i n  t h i s  r e p o r t ,  
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G l o s s  ary 

Absolute Convergence. 'The d i f f e r e n c e  between an est imated o r  

i t e r a t e  va lue  of  depcndent v a r i a b l e  and i t s  value a t  s o l u t i o n  d iv ided  

by t h e  l a t t e r ,  g iv ing  a d i r e c t  e r r o r  measure. 

Acce lera t ion .  The i t e r a t e  estimate of the f l u x  values  a r e  dr iven  

i n  some manrier toward an apparent  s o l u t i o n .  

~ _ _ _ _ _ _ _ _ . . .  Adjoint  SoluLion. ___ A s  opposed t o  t h e  d i r e c t ,  forward o r  r e g u l a r  

s o l u t i o n  of The di f f e r e n t i a l  equat ions expressing a neutron balance,  

iliese equat ions a r e  r e c a s t  i n  t h c  t r u e  a d j o i n t  e igenvalue problem form 

appropr ia te  i o  pe r tu rba t ion  theory (matrix elements are transposed 

about t he  main d i agona l s ) ,  bu t  an a r b i t r a r y  f ixed  source a d j o i n t  

problem m y -  a l s o  be so lved .  

- Blunder. 'I'hat which produced an e r r o r ,  more o f t e n  having human 

source than iiiachine (as developers always say ,  "check t h e  input  

f i r s t  I ") . 

Convergence C r i t e r i o n "  'I'he s p e c i f i e d  maximum r e l a t i v e  change 
-.I___ .- . . . ..__I____. . 

between i t e r a t i o n s  of a dependent v a r i a b l e  used t o  te rmina te  an 

i n t e r a t i v c  process .  

Convergence Level (Relati-ve Convergence ___I. Level) .... . The r e l a t i v e  
~~ ....... ___s.__l I._____... ____I 

change From one i t e r a t i o n  t o  t h e  next  of  t h e  i t e r a t e  va lue  of a 

dependent v a r i a b l e ,  genera l ly  t h e  maximum of  a se t  when s e v e r a l  

va r i ab le s  a r e  involved such as p o i n t  f l u x ,  j.s termed t h e  convergence 

l e v e l .  

Convergence Rate P l o t .  A graph of t h e  logari thm of  t h e  convergence ____ ..-I__I_______ ...- 

l e v e l  as dependent on i t e r a t i o n  number, which is  asymptot ica l ly  l i n e a r  

f o r  a wide v a r i e t y  o f  problciiis as a s o l u t i o n  i s  approached but 
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f l u c t u a t e s  about some va lue  when f u r t h e r  r e s o l u t i o n  is no t  poss ib l e  due 

. ,..... . 

.... . .  

t o  l i m i t e d  s i g n i f i c a n t  f i g u r e s  c a r r i e d  i n  d i g i t a l  c a l c u l a t i o n s .  

D i sc re t e  Formulation. A d i f f e r e n t i a l  and/or i n t e g r a l  equat ion 

involv ing  continuous func t ions  i s  recast i n t o  a f i n i t e - d i f f e r e n c e  

r e p r e s e n t a t i o n  by d i s c r e t i z a t i o n  of  some o r  a l l  o f  t h e  independent 

v a r i a b l e s .  Thus t h e  neutron popula t ion  i.s d iv ided  i n t o  groups,  each 

a s soc ia t ed  with an energy range over  which t h e r e  i s  no energy dependence. 

Direct Search. The search  eigenvalue problem is  i t e r a t e d  d i r e c t l y  

toward a d e s i r e d  s o l u t i o n  without us ing  t h e  convent ional  approach o f  

so lv ing  each o f  a s e r i e s  of  problems f o r  t h e  m u l t i p l i c a t i o n  f a c t o r .  

Eigenvalue.  Root o f  t h e  de te rmina te  o f  a mat r ix ,  o f t e n  used as 

t h e  most p o s i t i v e  r o o t .  Given a s e t  of  N equat ions f o r  N unknown 

neutron f l u x  va lues ,  t h e r e  remains a le  unknown i n  a mul t ip ly ing  system; 

t h i s  unknown m u l t i p l i c a t i o n  f a c t o r  i s  termed t h e  eigenvalue of t h e  

problem and an a d d i t i o n a l  equat ion  must be used t o  supply a complete 

s e t  of  equat ions .  

Ext rapola t ion .  This term i s  reserved  h e r e i n  t o  mean t h a t  

occas iona l ly  a complete i t e r a t e  s e t  o f  f l u x  values  are d r iven  t o  a new 

ex t r apo la t ed  s e t  f o r  usc i n  t h e  next  i t e r a t i o n ;  d r i v i n g  i s  gene ra l ly  

i n  t h e  d i r e c t i o n  of t h e  ind iv idua l  changes between t h e  las t  two 

i t e r a t i o n s  (or  las t  and two i t e r a t i o n s  back) and i.s based on t h e  

i t e r a t i v e  behavior  over  t h r e e  o r  more previous i t e r a t i o n s .  

F i s s ion  Source Dis t r ibu t i .on  Function. ~ In  t h e  d i s c r e t e ,  

multienergy-group r e p r e s e n t a t i o n ,  neutrons produced from t h e  f i s s i o n  

r e a c t i o n s  a t  one geometric l o c a t i o n  a r e  summed and t h e  t o t a l  is  then  

d i s t r i b u t e d  i n  energy by t h i s  d i s t r i b u t i o n  func t ion .  

. . . . . . . . . . . . . 
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Flux. Neutron f l u x  is  neutron dens i ty  times speed. Si.nce f l u x  -.._I_ 

times c ross  s e c t i o n  gives  r e a c t i o n  r a t e ,  f l u x  i s  t o t a l  t r a c k  length  

p e r  u n i t  volume. 

-. Foot-Draggers ... .- .._. - Disease. This expression i s  reserved  for  t h e  

s i t u a t i o n  where e i t h e r  a poor arrangeinent of  t h e  terms i n  equat ions 

o r  t h e  ordered sweep of  t h e  equatioiis causes slow r a t e  of  convergence 

(per Tobias) .  

-. I n n e r - I t e r a t i o n .  . . . Several  sweeps are made of only p a r t  of t h e  whole 

prob em, gene ra l ly  over  geometric space a t  one energy; t h e  process  i s  

coi-lt nued u n t i l  a s e t  number of  i n n e r - i t e r a t i o n s  on t h i s  p a r t i t i o n e d  

i t e r a t i v e  problem i s  reached, a t  which time t h e  c a l c u l a t i o n  proceeds 

t o  t h e  next  p a r t i t i o n e d  problem f o r  i t e r a t i o n .  

sweep has been made of  a l l  t h e  space-energy mesh p o i n t s  i s  an ou te r -  

i t e r a t i o n  completed arid a new estimate made of  t h e  eigenvalue of t h e  

problem f o r  use i n  t h e  next  sweep. 

Only a f t e r  a complete 

- Line .. . ._. .._ Relaxat ion.  'The equati.ons f o r  t h e  f l u x  values  a long a row of 

po in t s  a t  one energy a r e  so lved  s imultaneously (a forward-backward 

sweep t o  s o l v e  a t r i - d i a g o n a l  mat r ix  with s imple coupl ing) ;  source  terms 

are he ld  f i x e d  as are f l u x  values  along ad jacent  rows. 

Material. _I_ A ina te r ia l  i s  considered t o  be hoiiiogeneous and have 

nuc lea r  p r o p e r t i e s  which are p ropor t iona l  t o  ind iv idua l  nuc l ide  

d e n s i t i e s  and a d d i t i v e  i n  t h e  usua l  s ense .  See _....._I Zone. 

Ou te r - I t e r a t ion .  A complete sweep of  t h e  mesh p o i n t s ;  t h a t  i s ,  

t h e  equat ions f o r  each unknown f l u x  va lue  have been so lved ,  i n d i v i d u a l l y ,  

a t  l e a s t  o n c e  (more than once with i n n e r - i t e r a t i o n ) .  

The newly c a l c u l a t e d  va lue  of  each dependent Overrelaxat ion.  - 
v a r i a b l e  i s  dr iven  i n  t h e  d i r e c t i o n  of  t h e  change between i t e r a t i o n s  t o  
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a c c e l e r a t e  t h e  i t e r a t i v e  process, and t h e s e  over re laxed ,  i t e r a t e  values  

o f  t h e  f l u x  are used a t  l a t e s t  values  dur ing  an inner -  o r  ou te r -  

i t e r a t i o n .  

Predominant Error Mode. Cont r ibu t ions  t o  t h e  e r r o r  i n  i t e ra te  

f l u x  estimate a r e  dominated by one o r  two e r r o r  v e c t o r s ,  u sua l ly  those  

having t h e  l a r g e s t  e igenvalues .  Cont r ibu t ions  from the o the r s  have 

decayed and t h e r e f o r e  have bu t  l i t t l e  inf luence  on t h e  changes i n  poin t  

f l u x  va lues  with i t e r a t i o n ;  they  tend t o  move i n  a s i n g l e  mode. 

P r imi t ive  Conversion Rat io .  The r a t i o  of volume i n t e g r a t e d  

cap tu re  rate i n  def ined  f e r t i l e  nuc l ides  t o  t h e  volume i n t e g r a t e d  

absorp t ion  rate i n  def ined  f i s s i le  nuc l ides .  

Production Cross Sec t ion .  This is used t o  mean t h e  product of  t h e  

c ros s  s e c t i o n  f o r  f i s s i o n  and t h e  number o f  iieutrons produced by t h e  

f i s s i o n  r e a c t i o n ,  e i t h e r  i n  a macroscopic or a microscopic sense, 

e .g . ,  v Cf = v ( E f ) .  

Rate o f  Convergence. A measure of  t h e  rate o f  approach t o  a 

s o l u t i o n :  o f t e n  t h e  r e c i p r o c a l  o f  t h e  number o f  i t e r a t i o n s  (computer 

mesh sweeps) r equ i r ed  t o  reduce t h e  r e l a t i v e  f l u x  change by a f a c t o r  of 

e or t o  reduce t h e  abso lu te  e r r o r  by a f a c t o r  of e. 

Region. A volume conta in ing  mesh po in t s  which are loca ted  a t  t h e  

geometric cen t ro ids  of f i n i t e - d i f f e r e n c e  volume elements of  equal  volume. 

Removal Cross Sec t ion  (CtL. This i s  used as t h e  sum of  a l l  c ross  

s e c t i o n s  f o r  removal of neutrons from t h e  energy of i n t e r e s t  inc luding  

absorp t ion  ( s ink)  and out-of-energy scat ter .  

Residue. The equat ion  used f o r  s o l u t i o n  of  an unknown (poin t  

neutron balance)  i s  rearranged with a l l  terms on one s i d e  and t h e  r e s u l t  

ob ta ined  by use  of  cu r ren t  i t e r a t e  estimates of  t h e  unknowns is  c a l l e d  
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here  t h e  r e s idue  of  t h e  equat ion f o r  the  i terate  s e t .  Weighting i s  

a r b i t r a r i l y  on t r u e  volumetr ic  r e a c t i o n s .  

- Slab Geometry. .___ This r e f e r s  t o  t h e  Car tes ian  coord ina te  system with 

orthogonal axes (one-dimensional s l a b  geometry has syinmetry i n  two 

dimensions as would be t h e  s i t u a t i o n  if condi t ions  were uniform over a l l  

space i n  these  dimensions).  

Time,  Machine. __ __x The machine time repor ted  t o  r e so lve  a problem by 

i t e r a t i o n  is  t h e  t o t a l  t ime requi red  f o r  t h e  c a l c u l a t i o n  but  gene ra l ly  

excludes t h a t  f o r  a u x i l i a r y  opera t ions  of reading d a t a ,  s e t t i n g  up t h e  

problems, and processing r e su l t s .  Both t h e  amount o f  t i n e  t h e  c e n t r a l  

processor  i s  a c t i v e  and t h e  t o t a l  (clock) time are measured. 

Zone. A volume, cons i s t ing  o f  one o r  more Regions, wi th in  whi-ch 

macroscopic nucl e a r  p r o p e r t i e s  are cons tan t .  A zone may conta in  

ma te r i a l  (have nuc l ide  concent ra t ions)  and a d d i t i o n a l l y  conta in  one o r  

more subzones of  ma te r i a l  having s p e c i f i e d  volumes (each having nuc l ide  

concen t r a t ions ) .  

END OF SECTION 
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Appendix A: CROSS-SECTION PROCESSOR CODE BLOCK 

Presented he re in  i s  primary documentation of a code block designed 

t o  process  microscopic c ross -sec t ion  da ta .  For example, i t  w i l l  con- 

v e r t  a nuclide-ordered ISOTXS f i l e  t o  a group-ordered GRUPXS f i l e  as 

would u s u a l l y  be requi red  before  the VENTURE neutronice; code could be 

used. Local ly  w e  c a l l  t h i s  code b lock  CasSandraFiC- 

are covered: 

The fol lowing i tems - -  

SUBJECT 

SECTION 

A 1  . Code Block S p e c i f i c a t i o n s  

A2. Tasks Performed and Order of Performance 

A3. Computer Requirements 

PAGES 

A I - 1  3 

___I 

A2-1 

A3-1 

A 4 .  84-1 p 4 

A5. Code S t r u c t u r e  and Subrout ine Referencing A5-4.,4 

A 6 .  F i l e  S p e c i f i c a t i o n s ,  VERSION-II I  f o r  crass s e c t i o n s  n5-a, 5 

Use of Logica l  Data Storage Uni t s  and I n t e r f a c e  F i l e s  

excluding an extended blocking of the p r i n c i p a l  c r o s s  

s e c t i o n s  i n  GRUPXS, and t h e  s p e c i a l  code block dependent 

i n t e r f a c e  f i l e  CXSPRR 

... 
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Code Block Spec i . f ica t ion  

Code Block - Broad Group Microscopic Cross Sec t ion  Processor  

Basic Functions - 

1. Convert a microscopic l i b r a r y  o rde r  by nuc l ide  t o  a 

microscopic l i b r a r y  ordered by group - going from one 

s t anda rd  i n t e r f a c e  format t o  another .  As an op t ion ,  a 

second nucl ide-ordered l i b r a r y  cons i s t e n t  with the  

group-ordered f i l e  may be generated.  

2 .  Provides s e l e c t i v i t y  t o  e l imina te  extraneous d a t a .  

3 .  Provides f l e x i b i l i t y  t o  c o l l e c t  d a t a  f o r  i so topes  o r  o t h e r  

mixtures as des i r ed  ~ 

4 .  Provides f o r  adding l i b r a r i e s  ( f i l e s )  t oge the r ,  as well as 

s e l e c t i n g  d a t a  from two o r  more nucl ide-ordered f i l e s .  

(not done) 5. Provides f o r  b a s i c  i n t e g r a l s  ( r e a c t i o n  r a t e s )  over  energy o f  

p r i n c i p a l  c ross  s e c t i o n s  t o  test d a t a .  

6 .  Provides f o r  condensation o f  such d a t a  as xvcs (pg') f o r  f 

simple t rea tment .  

Provides f o r  m e r  inpu t  of d a t a  t o  ove r r ide  t h a t  i n  t h e  

l i b r a r y  i n  s h o r t ,  se lect  d a t a  blocks as wel l  a5 f u l l  d a t a  f o r  

a d d i t i o n a l  nuc l ides .  

7. 

8. Provides a t  least  elementary c a p a b i l i t y  f o r  conver t ing  d a t a  

from o l d  formats .  

Energy Groups - 1 t o  1,000, bu t  f u l l y  va r i ab ly  dimensioned. 

Nuclides - 1  t o  500, bu t  f u l l y  va r i ab ly  dimensioned. 

Legendre Order - -P rov i s ion  through o rde r  20. 
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- Library P ro tec t ion  and Recovery 

Care and some s a c r i f i c e  i n  e f f i c i e n c y  i s  t o  be taken t o  p r o t e c t  

l i b r a r i e s .  Reasonable tests are t o  be made t o  in su re  i -n t eg r i ty  o f  da t a .  

Ful l  recovery i s  normally poss ib l e  when o ld  l i b r a r i e s  a r e  preserved and 

t h e  na tu re  of f a i l u r e  i s  made known. 

Inisunderstanding of  procedures on t h e  p a r t  of t h e  production use r  i s  t o b e  

Even t h e  p o s s i b i l i t y  of  

taken i n t o  account.  

Edi t s  - Not under use r  op t ion:  

1. Descript ion of what was done by t h e  code block when accessed,  

and a s soc ia t ed  d a t a  s to rage  use.  

2 .  I n t e g r a l s  over  energy ( r eac t ion  r a t e s )  when these  c a l c u l a t i o n s  

are reques ted .  

Under user  opt ion:  

F u l l  e d i t s  o f  f inal .  i n t e r f a c e  d a t a  f i l e s .  

Spec ia l  Input _._ Data Requirements ____ - See i n t e r f a c e  f i l e  CONTRL, record  XCPINS 

(Sect ion 204) : 

1. 

2 ,  Edi t  c o n t r o l .  

3 .  Input d a t a  con t ro l .  

4 .  S e l e c t  d a t a  t o  ove r r ide  t h a t  i n  t h e  l i b r a r y .  

5. Nuclide d a t a  f o r  adding t o  t h e  l i b r a r y .  

6.  A broad-group neutron f l u x  spectrum f o r  i n t e g r a l s  and f o r  

Control op t ions  f o r  s e l e c t i o n  of procedures and d a t a  f i l e h a n d l i n g .  

condensing such d a t a  as xva ( g k g f ) .  
f 
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Pata Conversion - 

I n i t i a l l y  only s imple CITATION c ros s - sec t ion  d a t a ,  elementary l D X ,  a 

a and b a s i c  LASL Sn 

ordered s tandard  i n t e r f a c e  d a t a  f i l e  as needed a t  s e v e r a l  i n s t a l l a t i o n s  

forms o f  d a t a  are t o  be converted t o  t h e  nuc l ide-  

t o  support  methods development e f f o r t .  

Programming Note - 

I t  i s  noted t h a t  d i r ec t - access  t e c a i q u e s  must be used t o  permit  

e f f i c i e n t  d a t a  processing.  

I n t e r f a c e  Data Fi les  - 

Used Generated 

I SOTXS GRUPXS 
(ISOTXS) 

- 

Not done e 
a 





... 
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- Tasks  Performed 

A primary func t ion  of t h e  code is t o  convert  a nucl ide-ordered 

c ros s - sec t ion  i n t e r f a c e  f i l e  (ISOTXS) t o  a group-ordered c ross - sec t ion  

i n t e r f a c e  f i l e  (GRUPXS). 

Addi t iona l  func t ions  inc lude  c r e a t i n g  a nucl ide-ordered f i l e  from 

t h e  O W L  CITATION code c ross - sec t ion  format ,  updat ing an e x i s t i n g  

nucl ide-ordered f i l e ,  o r  merging two e x i s t i n g  nucl ide-ordered f i l e s .  

Each of  t h e s e  func t ions  may, on op t ion ,  e l imina te  s e l e c t e d  nuc l ides  o r  

r ep lace  cer ta in  d a t a  ( fo r  example, H o l l e r i t h  names) f o r  a nuc l ide .  

The c a p a b i l i t y  f o r  c r e a t i n g  nuc l ide  mixtures i s  a l s o  a v a i l a b l e .  

I t  i s  p o s s i b l e  t o  genera te  a complete se t  of macroscopic data  i n  t h e  

nucl ide-ordered format .  Any nuc l ide  used i n  a mixture  w i l l  be excluded 

from t h e  r e s u l t i n g  i n t e r f a c e  f i l e .  

. .. 
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STAKT 

..-- 

..... 

T- 
I X ( 5 )  .EQ.O 

Update 

1npu t : 
CXSPRR ver s ion  n 

Output:  

ISgTXS 

I I 
coriver t c ITAT lTi<-- 

Input :  

to IS@TXS 

CXSPRR v e r s i o n  11 

CITATION 
Output : 
I S ~ T X S  v e r s i o n  n 

Input  : 
CXSPKK v e r s i o n  n 
IS~TXS v e r s i o n  11-1 
IS@rXS v e r s i o n  n 

1 output :  

rs(hTXS v e r s i o n  n 
Output : 
GRUPXS v e r s i o n  n 

. . .. 

Input :  
.. 

*Note - 
"vers ion  n" r e f e r s  t o  t he  
c u r r e n t  l a t e s t  v e r s i o n a t  
t h a t  s t a g e  of process ing .  



A3-1  
.- ..... 

- Computer Requirements 

The requirements of this code on an IBM-360/370 machine are given 

here. 

Allocation to 

Program 

System Routines 

Data 

Typical Buffers 

Total  

Core Storage (4-byte words) 
Without Overlay With Overlay 

33K 14K 

7K 7K 

10K 10K 

9K 

59K 

9K 

40 K 
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Use o f  Logical Data Storage  Units  and I n t e r f a c e  F i l e s  

The use of  l o g i c a l  u n i t s  and interface f i l e s  f o r  each t a s k  is  

presented  he re .  

numbers t o  t h e  i n t e r f a c e  f i l e s  a t  t h e  con t ro l  module l e v e l .  

Unit  numbers shown are f o r  d e f a u l t  assignment of  u n i t  

Always Required 

ITRL (A) 

ISOTXS t o  ISOTXS (Update) 

I OUT 

ICXS (A) 

Icrr  (A) 

Ism (B) 

ISCK 

CITATIgN t o  ISeTXS (Create)  

I @UT 

ICXS (A) 

I C I T  

rspr (u) 
ISCK 

CgNTRL 

s t anda rd  output  

CXSPRR 

inpu t  I S@rXS 

output  I SaTXS 

s c r a t c h  

s t anda rd  output  

CXSPRR 

C ITAT I @N 

output  ISOTXS 

s c r a t c h  

10 (s tand-alone 
u n i t ,  t y p i c a l )  

6 

30 

32 

34 a 

45 

6 

30 

8 

32 

45 

ISPTXS + lS@TXS t o  ISaTXS (Merge) 

IgIJT s tandard  output  6 

ICXS (A) CXSPRR 30 

ICIT (C) primary input  ISgTXS 31 

In  genera l  t h i s  i s  t h e  first a v a i l a b l e  unassigned i n t e r f a c e  d a t a  f i l e  
number i n  t h e  allowed s e t .  

a 
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secondary input  
1 SOTXS 

rsg'r (B)  o u t p u t  rspcrxs 

Pscn s c r a  t ch 

IS@'rXS t o  iSpTXS [Create Mixtures) - lll_ - --I_--- __I_-.. 

IgrJT s tandard  output  

ICXS (A) CXSPKK 

isgr (El) 

ISCR 

output  I SPTXS 

s c r a t c h  

1 x 2  s c r a t  ch 

IDAS 

EDIT iS8TXS 

IPUT 

Is@r (A) 

isa'rxs t o  GKUPXS 

s CF a t  ch 
( d i r e c t  access)  

s tandard  output  

IS@TXS 

32 

34 a 

45 

6 

30 

32 o r  34 

34 o r  35 

45 

46 

40 

6 

32 o r  34 o r  35 

I@UT s tandard  output  6 

ISgT (A) I S@TXS 3 2  o r  34 o r  35 

I G R U  (D) GRlJPXS 11 

ISCR s cra-tch 45 

I DA1 

IDA2 

s c r a t  ch 
( d i r e c t  access)  2 7  

s c r a t c h  
(direct  access) 24 

aIil general  t h i s  i s  t h e  f i r s t  a v a i l a b l e  unassigned i n t e r f a c e  d a t a  f i l e  
iiumber i n  t h e  allowed s e t .  
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EDIT GRUPXS 

IPUT 

IGRU (A) 

s tandard  output  

GRUPXS 

6 

lla 

Notes : 

(A) Asks SEEK f o r  l a t e s t  ve r s ion  t o  r ead .  

(B) Asks SEEK f o r  a new ve r s ion  t o  w r i t e .  

(C) Asks SEEK f o r  t h e  next  t o  t h e  latest ver s ion  t o  read .  

(D) Asks SEEK f o r  t h e  l a t e s t  vers ion  t o  write,  i f  none a v a i l a b l e ,  

asks  SEEK f o r  a new ve r s ion  t o  write. 

O r  t h e  first a v a i l a b l e  unassigned i n t e r f a c e  data f i l e  u n i t  number i n  
t h e  allowed s e t  if not  ass igned  by t h e  d e f a u l t  procedure a t  t h e  con t ro l  
module l e v e l .  

a 



c 
c 
e 
c 
C 
c 
c 
c 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 
c 
c 
C 
c 
c 
c 
C 
C 
e 
C 
c 
c 
C 
c 
c 
6: 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

e 

D I E E C T  ACCESS 
L O G I C A L  U N I T  40 ( T Q A 3 )  

NUPIBEE QP RECORDS F S I X O * ( l  +- N G B B U P * ( 1  + (MAXORD + 1) *NTYPE) 9 
L E N G T H  OF RECORD H A X I H U M (  3*IDP + 7 , 

2 2  + 2 * ( H A X O B D  + 1 )  , 
b 4 N G R O U P  ) WORD S 

A Y S  REQUIRED IN C R E A T I N G  MIXTURES 
L O G I C A L  UNIT 27 ( I D A 1 )  

N U B B E B  OF RECORDS W I S O * ( l  + N G R O U P )  
L E N G T H  ap BECORD H A X I H U M (  3 * I D P  + 7 , 
ALWhY'S R E Q U I R E D  T t i  C O N V E R T I N G  I S O T X S  TO GRUPXS 

NUBSBEA OF R E C O R D S  M H S O * I T Y P E * ( N E W Q R D  + I )  * N G B Q U P  
L E N G T H  OF R E C O R D  4 4 HOD WOR BS 
A L U A Y S  f i E Q U I R E D  IN C O N V E R T I N G  I S O T X S  "0 GRUPXS 

2 2  + 2 * ( B A X O R D  + 1)  ) WORDS 

LCGPCAL UNIT 2U (IDA2) 

S E 6 0 EN T I AI. 
LOGICAL U N I T  45 (ISCR] 

T O T A L  [AEPRoxnnaTe) (341DP + 1 7 )  *NHSQ 
+ (12 + 2 * ( H A X O R D  + 1)) * N X S O * N G R O U P  
+ NISO*NTYPE* (HAXORD 4 l ) * N G R O U P * M U D  WORDS 

A L P A H S  REQUIREQ W H E N  WRITING AN ISQTXS 
A N D  IN COHV'ERTEWG ISOTXS T O  GBDPXS I F  CHI M A T R I X  D A T A  IS 
PRESENT 

L O G I C A L  LJmT 46 (rscz) 
TOTAL [AEPRQXIRATE) ( 3 * P D P  4 1 7 )  *BUS0 

+ (12  + 2 * ( N A X O W D  + l ) ) * M U S O * N G R Q U P  
t MUSO*HTYPE* (HAXoReP 4 1)  * N ~ ~ ~ ~ ~ ~ ~ ~ ~  BFBRDS 

AILVAPS REQUIRi?,D IN CREATING HIXTORES 

DE P 1 NIT I ON S 
i ¶ I X O  = BUS0 4 H I I X  
!¶UD = IIMIHtJI( BAXUP 4 H A K D N  4 ? , N G R O O P )  

O F  ENERGY G R O U P S  
OF N U C L I D E S  IN CROSS S E C T I O N S  

RAXTPW ~~~1~~~ I O H B E R  OF DQWNSCATTEW GROUPS 

I S C H I X  PIAXTPIPSB I U B B E R  O F  BLOCKS OP S C B T F E R I N G  D A S B  
IDP 2 F O R  SHORT WORD HACICHINEe 1 F O R  L O N 6  WORD P I A C H I N E  
NTYPE NUFIBER OF DIPPERE 4" SChTTERlCNG TYPES 
n O S 0  1U914BER OF BIPFEBE T NIJJCLIDES I N  PLIXTURES 

fl IOBBER OF CJPSCATTER G R O U P S  

 XI^^^ S C A T T E R I N G  ORDER 

I X  BOFIBEI? OF H I X T U B E  
EBORD & % f I I I U t l  SCATTERING ORDER TO B E  POT ON GWEIP 

ITSIBE 1 O R  4 D E P E N D I N G  01 THE V A L U E  OF BSC&lBX,  ANC WHETHER QNLP 
THE TOTAL S C A T T E R I N G  IS TO B E  PUT ON GBUPXS, A N D  
WHETHER THE TOTAL SCATTERING I S  T O  B E  C O H P U T E D  
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c 
C 
C 
c 
C 
C 
C 
c 
C 
c 
C 
C 
C 
C 
C 
C 
c: 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
c. 
C 
C 
C 
C 
C 
C 
C 

INFORMATION ABOUT SUBROUTINES 

C**** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *~*~*** * * * * *  ***** 
CROSS SECTION PROCESSOR MODULE SUBROUTINE D E S C R I P T I C R  

c BOL 
C T I 1  
C T I 2  
C T I 3  
G X S 1  
G X S 2  
HCBK 
If1 1 
I T 1 2  
I X S l  
IXS2 
H A I N  
N xxc 
NIX7 

U I X 3  
M 1x4 
N I X 5  
8211  
M2I2 
NPCR 
TBLR 
XLBI  
X Q R D  
X S C I  

xscu 
XSCl 
xsc2 
x sc3 
XSC4 
XSCS 

n 1x2 

CONVERT HOLLERITH TYPE 
CITATION TO I S O T X S  
CITATIOU TO I SOTXS 
CITATION TO I S O T X S  
EDIT  GBUPXS 
E C I T  GBUPXS 
CHECK FOR UNIQUENESS I N  NUCLIDE NAME5 
UPDATE I S O T X S  
UPDATE I S Q T X S  
EDIT  ISOTXS 
EDIT ISOTXS 
I N I T I A L I Z E  INPUT/OUTPOT U N I T S  
CREATE NUCLIDE NIXTUBES ON I S O T X S  
CREATE NUCLIDE l5IXTURES ON I S O T X S  
CREATE NUCLIDE HIXTURES ON ISOTXS 
CREATE NUCLIDE MIXTURES ON ISOTXS 

CREATE NUCLIDE UXXTURES ON I S O T X S  
BERGE TSBTXS 
MERGE I S O T X S  
CALCULATE NUMBER O F  P R I N C I P A L  CROSS SECTIONS 
CCNTROLS PROCESSING OPTIONS 
DETERKINE SCATTERING TYPE A N D  ORDER FOB E D I T  
DETERMINE SCATTERING TYPE A N D  ORDER 
OBTAIN CROSS SECTION PROCESSOR CONTBOL INFORHATION FROR 

SETUP DYNARIC DATA STORAGE SPACE 
CONVERT I S O T X S  TO G R U P X S  
CCNYERT I S O T X S  TO GRUPXS 
CCNVEAT IISOTXS TO GSUPXS 
CONVERT I S O T X S  TO G R U P X S  
CCNVERT I S O T X S  T O  GRUPXS 

CREATE NUCLIDE HIXTUXES O N  I s o T x S  

INTERFACE CQNTRL 

c**** ** ************** . . . . . . . . . . . . . . . . . . . . . .  **** **** ** **** *******e****** * 

(CON T) 
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c** ** ** * *** * * * * +* * + * * * ** c * * * * *** f *  * * * * ** ** * * ** * * ** 4 4 * * * * * +* * ****a* ** * * * 
c 
C 
C 
C 
c 
c 
C 
C 
C 
c 
C 
c 
c 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
C 
c 
C 
c 
c 
c 

c ROL 
C T I I  
CSI2 
CS13 
G X S 1  
G X S 2  
HCHK 
IT11 
IT12 
I X S l  
IXS2 
P I A I N  
B I X C  
H I X I  
R I X 2  

MIX3 
n I X  
EIX5 
8 2 1 1  
n212 
N f C R  
TBLR 
XLEI 
XCRD 
x S C I  
XSCU 
xsc1 
xsc 2 

x sc3 
XSC4 
X S C S  

CTI 2 
c HOL 
REED 
G X S 2  
REED 

I T 1  2 
HCH K 
IXS 2 
I STR 
DOPC 
REED 
81x2 
DOPC 
N K R  
I S T R  
ISTR 
NPCR 
1 2 2  
RCH K 

CTI 1 

P ERR 
DOPC 
DOPC 
REED 
xsc5 
ISTR 
HCHK 
I S T R  

CT13 
BCWK 

REED 
X L E I  

REED 
I S T R  
REED 
REED 
XSCI 

REED 
HCBK 
R E E D  
NPCR 
REED 
REED 
R ZED 
I S T R  

G X S  1 

REED 
RQXX 
REED 
R I T E  

REED 
REED 
REED 

REED 
ISTR 

SEEK 

SEEK 
NPC B 
SEEK 
XLEI 
XSCU 

SEEK 
I S T  B 
BITE 
REED 
R I T E  
R I T E  
SEEK 
NPCR 

ZTI 1 

SEEK 
ROXY 
SEEK 
RSTI 

RITE 
R I T E  
RITE 

SEEK 
REED 

REED 

n1xc 
XOR D 
R I T E  
R S T I  
S TOR 

REED 

IXSl 

S K E B  
TBLR 
xsc2 
STQR 

XOBD 
R S T I  

R I T E  

R I T E  

aIX3 

R S T I  

XOBD 

BITE 

W I X l  

FRECOR 

XORD 

BSTX 

R S T I  

81x4 n1x5 

XORD 

RSTI 

e4211 X S C l  

G ETCOR 

xse3 XSCI) 

e**** ************** ************** ****** +* ** * *** **+*****+ *********** **** * 

C 
c CROSS SECTION PROCESSOR S U B R O U T I N E  CROSS-REFERENCING 
C 
C S U B R O U T I N E  ***** ** ** ***** CALLED FROB S UBRBUTIBE ****************e * 
C 
c CROL C T I 2  
C C T I  1 T BLR 
C C T I 2  C T I 1  
c CPI3 C T I  1 

(CON T) 
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. .  

c 
C 
C 
C 
c 
C 
C 
c 
C 
c 
c 
c 
c 
c 
c 
c 
C 
C 
C 
C 
c 
c 
c 
e 
c 
C 
C 
C 
C 
C 
C 
e 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
c 
c 

DCPC n m  
FERR XSCI 
FBECOR X S C U  
GETCOR XSCU 
GXSl 
G X S 2  
HCHK 
I STR 

r n i  
I T 1 2  
I X S 1  
IXS2 

A I N  
MIXC 
M I X 1  
MIX2 
M I X 3  

u4x5 
n 211 
H212 
NPCR 
REED 

n 1x4 

RITE 

BCXX 
R C X Y  
R STI 
SEEK 

S KER 
STOR 
TRLR 
X L E I  
XORD 
XSCI 
xscu 
x s c 1  
xscz 
xsc3 
xsc4 
x sc5 

TRLR 
G X S  1 
C T I  2 
CTI 2 
xsc3 
TRLR 
ITXl 
T BLR 
I X S  1 

H I X 2  
TBLR 
nrx 1 
H M 2  
n1x2 
MIX2 
I R L R  
a21 1 
I n 2  
C T I  1 
IXSl 
H Z 5  
X 9 c 4  
CTI 2 
x s c 2  
xscu 
xscu 
CTI 2 
CTI 1 
XSC 1 

HI85 
xscu 
G X S 2  
U I X 2  
MAIN 
UAIH 
TRLR 
X s c l  
xsc2 
xx2 
xscz 

xscr 

U I X 2  

I T 1 2  
IT12 
xsc5 

UIX2 
CTf2 
I xs2 
8 2 1 1  
xsc5 
I T 1 2  
xsc3  

I T 1 2  
GXS 1 

x sc2 

IXS2 
U 1x3 

xscu 

MIX2 
IXS2 

R I X 3  
C T I  3 
UIXC 
H212 

n1x 2 
xsc 4 

HIX 3 
ITI 1 

MIX5 

X S C l  

H212 
~ 1 x 2  

N I X 5  
G X S l  
UIXl 
XSCI 

M I X 3  
xscs 

NIX4 
IXSl 

x sc2 

xsc4 
M 1x3 

a212 
G X S 2  
H X X 2  
X S C l  

MIX4 

R2I2 
BXX1 

xsc4 

H I X @  

I T 1  1 
RIX3 
xscz 

BIX5 

x sc2 
H21 1 

n2x2 

KIP12 
lIX4 
xsc 3 

M2K 2 

xsc5 
XSCI 

(COIVT) 

... 
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C*+*+ ***********************e********** **********+*+**$***~****~****~*** 
c 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
c 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 

SIHPLE OVERLAY STRUCTURE FOR CROSS SECTION PROCESSOR 

M A I N  
XSCI  
XSCU 
TRLR 
HCHK 
NPCR 

XLEI  
DOPC (ROXY) 
R I T E  ( R E E D . R O X X )  
SEEK 
STO R 
I S T R  
R S T I  
SKER 
PER R 
GETCQ R 
PRECOR 
D E F I L E  
CLO SD A 

x a m  

* 
* 

LI BR ARI 
LIBRARY 
LIBRARY 
LIBRARY 
LP: BR A R Y  
L T  BR ARP 
LIBRARY 
L I  RR A RP 
LIBRARY 
LIBRARY 
LIBRARY 
LIBRARY 

** **** * *** ** ** ** ** ** * ** *** *** 4r e* ** ** * *** ** ** ** ** * * + * * * 4 * 
I T 1 1  CTI 1 a211 MIX 1 I X S l  X S C l  G X S 1  
I T 1 2  CTI2 n212 M I X 2  1 X S 2  xsc2 G X S 2  

CTI. 3 HIX 3 xsc3 
C W L  HI XC xscll 

H I X 4  X S C 5  
n1x5 

C * * * * * * * * * * * * * * * * * * + * * * * * * t + * * * * * * * * ~ * * * * * ~ * * * 4 * ~ ~ * * * ~ * * * * * * * * 4 * * ~ * * * * * * * * *  
c**** +****e***+**** ** ** ***** +************** e*** ** **** ****+********* **** * 
C NOH-STANDARD SClBBOUTINE USAGE IN CROSS SECTION PROCESSOR 
C 
c D E F I L E  (CALLED FROH DOPC) ASSEIBLER L A N G U A G E  ROUTINE 
C USED T O  OPEN D I R E C T  ACCESS P I L E S  - REPLACES THE 
C I B R  D E F I N E  F I L E  STATEBENT 
C CLOSDA (CALLED FEOH DOPC) BSSEHBLER LANGUAGE ROUTIHE 
C USED TO CLOSE DIRECT ACCESS F I L E S  OPENER 
C WITH D E F I L E  
c GETCOR/FRECOR (CALLED FROH XSCU) ASSEFIBLER LANGUAGE ROUTINES 

C CORE STORAGE 
C CBOL (CALLED PROH C T I 2 )  NON-STANDARD POBERWN ROUTINE 
C USED TO CONVERT FOUR CHARACTER S I N G L E  PRECISION 
C HQLLERITH WORDS TO SIX CHARACTER DOUBLE PRECISION 
C HOLLERITH WORDS. USED ONLY I N  CQNVERSIOPI OF 
c CITATION CROSS S E C T I O N S  TO ISOTXS 
C 

C USED TO DYNAMICALLY ALLOCATE A N D  RELEJLSE n A n a  

C**** e******* ***+** ** ** 4+**** $*** Ire *e** **rF* * la** ** **** ** ********** *+ ** *9 * 
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INTERFACE DATA P I L E  S P E C I F I C A T I O N S  

C**** ******** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C PREPARED 10/18/73 - 
C - 
C F  CXSPRR - 
CE DATA FOR CROSS SECTION PROCESSOR - 
C - 
CN SEI? IHTEBPACE F I L E  CONTRL, RECORD X C P I N S ,  POR REFERENCES - 
CN TC A R R A Y  I X  - 
C 
C******************#*************************************************** 

(CON T) 



CR 
C 
CL 
C 
cw 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CB 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 

PILE CONTROL 

( N O P ( 1 )  , I =1 ,2U)  

24 

N O P  (1) 

NOP (2) 

NOP (3)  

NOP (a) 

N O P  (5) 

NOP (6) 
NCP ( 7 )  

NOP (8-9) 
N O P  (10) 

NOP (11-23) 
NOP (243 

- - - 
NUHBER OF CITATION CROSS SECTION SETS TO PBOCESS - 

( I F  H O P ( 1 )  EQ 0 A N D  P X ( 3 )  E@ 1 A N I ?  I X ( 5 )  EQ 1, - 
SET ONE WILL BE PROCESSED] - 

SCATTERING BLOCKING FACTOR F O R  NUCLXCE-ORDERED .I 

PILE C R E A T E D  moa CITATION CROSS SECTIONS - 
0 - NSBLOK = 1 
N - NSBLOK = I, IF ( N G R O U P / N ) * N  EC #GROUP, ... 

OTHERWISE NSBLOK = I ... 
OPTION TO INPUT A NEUTRON ENERGY SPECTRUll ... 

N - Y E S  ( N  SBOUEB B E  EQUAL TO THE WnEBER QP - 

- 

- 0 - NO 

ENERGY GROUPS ON THE CROSS SECTION F I L E )  - 
OPTION TO CREATE PSEUDO DIRECTION DEPENDENT 

TRANSPORT DATA 
0 - NO 
1 - YES 

0 - NO 
N - YES [ N  IS THE NUHBER OF RECORDS OF DATA) 

O P T I O N  TO INPUT OVERRIDE DATA FOB I S O T O P E S  

N f f H B E R  OF MIXTURES (REQUIRED I F  P X ( 1 1 )  EQ 5 )  
M A X I B U M  NUMBER OF I S Q T B P E S  ZW ANY BUIIXTUBE 4 

RESERVED 
OPTION ON USE O F  THE OVERBXDE DATA FOR ISOTOPES 

(REQUIRED IF IX(l1) EQ 1) 

W H E N  NOP(S)  GT o (APPLICABLE amy W H E N  
I X ( 3 )  EQ 1 A N D  IXC(5)  EQ 0) 
0 - DATA CORRESPONDS I T H  THE ORDEB OF 

I S O T O P E S  IN THE P I L E  
1 - DATA I D E N T I F I E S  X S O T O P E S  TO BE SELECTED 

BY UNIQUE I S O T O P E  LABEL 
RESERVED 
OPTION ON EDIT DURING G I T M I O l  CROSS SECTION 

PRO CES S I N G  
0 - NO 
1 - Y E S  
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. -. 

-. .. . 

CR 
C 
CC 
cc 
C 
CN 
CN 
CN 
CN 
CN 
CN 
CN 

I S O T O P Z  DATA 

PRESENT I F  WOP(5) GT 0 
THERE UOST BE WOP(5) RECORDS 

WHEN N O P ( 1 0 )  EQ 0, 
T H I S  DATA UALP B E  USED WHEN I X ( 3 )  EQ 1 TO CONTROL THE 
PROCESSING OF THE INPUT CROSS SECTFONS. THE ORDER 
OF THESE RECORDS HUST BE ONE-TO-ONE WITH THE ORDER 
O F  THE I S O T O P E S  I N  THE I N P U T  CROSS SECTIONS.  POB EACH 
I S O T O P E  READ FROB THE I N P U T  CROSS S E C T I O N S ,  ONE RECORD 
I S  READ FBOH T H I S  DATA 

{CONT) 

-. ..... 
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CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 

CN 
CN 
CN 
CN 
CU 
CN 
CN 

CH 
CM 
c 
@E 
C 
cw 
CD 
CD 
CD 
CD 
CD 
C D  
CD 

CD 

eN 

eN 

e 

eD 

A) IF HISONN EQ GHDELETE,  T H E  DATA F O E  T H I S  I S O T O P E  - 
I S  NOT WRITTEN ON T H E  NEW HUCLIDE-ORDERED F I L E  - 

B) I F  H I S O N &  NE S H D E L E T E ,  THE DATA FOR T H I S  I S O T O P E  - 
WXLL B E  C O P I E D  TO THE NEW NUCLIDE-CRDERED P I L E  - 
(NOM-BLANK OR NON-ZERO DATA WILL REPLACE THE - 
DATA ON TUE NEW F I L E )  - 

c) XP AFTER READING NOP(5) RECORDS,  THEBE ARE I S O T O P E S  - 
REMAINING I N  THE I N P U T  CROSS S E C T I O N S ,  THOSE - 
REHAINIMG WILL. BE DELETED FROB THE N E W  PILE - 

W H E N  N O P ( I 0 )  EQ 1, - 
THIS DATA M A P  B E  USED WHEN I X ( 3 )  EQ 1 A N D  I X ( 5 )  EQ 0 TO - 
CONTROL THE CONTENT O F  THE NEW ISOTXS F I L E ,  THE ORDER - 
O F  THE RECORDS I S  NOT S P E C I F I E D  SINCE THE UNIQUE LABEL - 
(HISONM) TS USED TO I D E N T I F Y  ISOTOPES TO BE C C P I E D  T O  - 
THE NEW P I L E .  NON-BLANK OW NON-ZEWQ VALUES FOR THE I 

R E S T  O F  THE DATA WILL BE PUT ON THE NEW FILE. I 

THE U N I W E  LABEL CAN NOT B E  CHANGED WHEN USING THIS O P T I O N . -  

- 

- 
I F  THIS  DATA I S  NOT P R E S E N T ,  ALL I S O T O P E S  ON THE INPUT - 
C R O S S  S E C T I O N S  WILL BE C O P I E D  TO THE NEW F I L E  - 

HISONM, H A R S I P , H M A T ,  A M A S S , E F ~ S S , E C A P T , K B B ,  (IOP (I) , I=9,3) - 
3*UOLT 4 7 - 

- 
- 
I 

HISONM H O L L E R I T H  I S O T O P E  LABEL ( U N I Q U E )  (A6) - 
H I E S I D  H O L L E R I T H  I S O T O P E  LABEL (ABSOLUTE)  (A6) - 
H NAT HOLLERITH I S O T O P E  LABEL ( R E F E R E N C E )  (A6) I 

EFISS TOTAL T HERHAL ENERGY Y I B L D / B I S S I Q N  (W .SECpPISS) - 
ECAPT TOTAL THEBRAI. ENERGY Y r e C D / C a P T o R E ( N , G A n M A )  I 

A PlASS GRAB A T O B I C  WEIGHT - 

(W. SEC/CAPT)  I 

RBR I S O T O P E  C L A S S I F I C A T I O N  - 
IQP R E S E R V E D  - 

CR 
c 
CC 
CC 
cc 
c 
C 
CW 
C 
CD 
CB 
C 
CH 
CN 

e L  

I S O T O P E  NAMES I N  HIXTUBE - 
- 

PRESENT IF' N O P ( 6 )  GT 0 - 
THIS  RECORD A N D  THE RECORD POLLORING APPEAB IN PAIRS - 
TBER'PI RUST BE N O P ( 6 )  P A I R S  

( H I S O H X  (I] , I =  1, NOP7)  

PIDLT*NOP7 = BULT*NOP (7) - 
ES &RE I G N O R E D )  .." 

A M Y  I S O T O P E  I N C L U D E D  IN Ih MIXTU E BILL BE DELETED P8BFl T H E  - 
NEW F I L E  - 

- 

- 
H I S O H X  U N I Q U E  HAPIE OF I S O T O P E  TO B E  I N C L U D E D  IN €iIXTURE - 

.." 

(CONT) 
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cc PRESENT I F  NOP(6)  GT 0 
C 

CR 
C 
cc 
cc 
C 
CL 
c 
CY 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CN 
CN 
CN 
CN 
c 

HIXTURE DATA 

PRESENT I F  NOP(6)  GT 0 
THERE HUST BE NOP(6) RECORDS 

HISONH, HAESID,HNAT, AMASSVEFISS, ECAPT, KBR, (IOP ( I )  , I = l r 3 )  

3*NULT + 7 

HISONH 
B A B S I D  
H UAT 
A B A S S  
E F I S S  
ECAPT 

K ER 
IOP 

HOLLERITH BIXTURE LABEL (UNIQUE] (A6) 
HOLLERITH HIXTURE LABEL (AB SOLUTE) ( A 6 )  
HOLLERITH HIXTURE LABEL (REFERENCE) (116) 
G R A M  ATONIC WEIGHT 
TOTAL THERUAL ENERGY YIELD/FISSION (W .SEC/PISS) 
TOTAL T HERMALL ENEBGY PI EL D/CAPTURE (N ,GAPIlIA) 

M IX TU RE CL ASS I P I C  AT ION 
R ES ERV E D 

(W. SEC/CAPT) 

NOH-BLANK DATA SHOULD BE SUPPLIED F O R  LABELS 
A N D  NON-ZERO DATA FOR KBB 
AMASS, EFISS, A N D  ECAPT ARE CALCULATED FOB MIXTURE BOT 
N A Y  BE RJ3PLACED BY NON-ZERO ENTRIES 

END OF APPENDIX A 

... 
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Appendix B: CODE BLOCK TO CALCULATE REACTION 'RATES, ETC. 

.. . 

This  code b lock  r e a c t i o n  rate i n t e g r a l s  by nuc l ide ,  c e r t a i n  summary 

t a b l e s ,  and such a u x i l i a r y  r e s u l t s  as t h e  p r i m i t i v e  f u e l  conversion (breed- 

ing )  r a t i o .  

l y  as a s e p a r a t e  module i n  t h e  code system r e q u i r i n g  less than  50K words 

t o t a l  memory usua l ly .  

Basic c o n t r o l  parameters are ind ica t ed  i n  t h e  s p e c i f i c a t i o n s  f o r  t he  CONTRL 

f i l e  i n  t h e  body of t h i s  r e p o r t .  

It i s  compatible wi th  t h e  VENTURE code and ope ra t iona l  l oca l -  

F i l e  communication is  compatible wi th  VENTURE. 

It i s  intended t h a t  t h i s  code b lock  perform a v a r i e t y  of tasks on de- 

mand, independent of the neu t ron ic s  model appl ied ,  u s ing  c r o s s  s e c t i o n s  

and nuc l ide  concent ra t ions  from t h e  f i e l s  used by the  neu t ron ic s  codes and 

f l u x  d a t a  produced by neu t ron ic s  codes,  and perhaps genera te  a new in te r -  

f a c e  d a t a  f i l e .  

is  implemented i n  t h e  p re sen t  release vers ion .  

A pre l iminary  l i s t  of t h e  t a s k s  fo l lows ,  b u t  only t h e  first 

1. Ca lcu la t e  by zone (and subzone) average neutronS nuc l ide  r e a c t i o n  

rates and i n t e g r a t e d  summary tables us ing  i n t e r f a c e  d a t a  f i l e s  

wi th  u s e r  c o n t r o l  over  e d i t  levels 

a. Using f i l e s  NDXSRF, ZNATDN, RZFLUX AND GRUPXS. 

b.  Repeat wi th  f l u x ,  a d j o i n t  weighting on op t ion  us ing  

f i l e  PERTUB. 

2. Ed i t  s e l e c t e d  maps of i n d i v i d u a l  r e a c t i o n  rates ( t r a v e r s e  or on 

a p lane)  

3 .  Basic c r o s s  s e c t i o n  c o l l a p s e  c a p a b i l i t y  i n  Energy and space.  

The code s t r u c t u r e  and subrout ine  r e fe renc ing  s tar t  on page B1-1  

An over lay  and informat ion  about l o g i c a l  input /output  u n i t s  on B2-1. 

s t r u c t u r e  will n o t  be  needed f o r  t h i s  release vers ion .  

... 
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INFOBHATION ABOUT SUBROUTINES 

C**** **************** ** *** ** *************** ****** **************** ** ***** 
C 
C 
C 
c 
C 
c 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
c 
C 
C 
C 

REACTION RATE HODULE SUBROUTINE D E S C R I P T I O N  

A Q X R  
M A I N  
R R C I  
R RDS 
BRTA 

RBTB 

RRTC 
RRTD 
BEYE 

BRTP 

RRTG 
RRTH 
B RTI 
R B T J  
RRTK 

R RTL 

RRTR 

BRTN 

RBTO 
BRTP 
BBTS 

RRTT 
R R T l  

RRT2 
R 8T3 

BRT4 
RRTS 
BBT6 

RRT7 
B RT8 
BRT9 

WRITE CONDENSED E D I T  
I I I T I A L I Z E  INPQT/OUTPUT UNITS 
OBTAIN REACTION RATE CONTROL INPORHATION FRCH CONTBL 
SETUP DYNBBIC DATA STORAGE SPACE 
COMPUTE S P E C I F I C  REACTION RATES FOB ABSORPTION, F F S S I O N ,  

W * F I S S I O N ,  ( I , G )  , ( N i A )  v @ , P I ,  (N,2N)  ( N , D I  AND {N,T) 
COHPUTE REACTION RATES, INVENTORY, A N D  P o n m  PER UNIT 

VOLBHE BY ZONE AND SUBZONE 
COMPUTE REACTION RATES, INVENTORY, A N D  POWEB BY ZONE, SUEZ 
EDIT  REACTION BATES, INVENTORY, A N D  POWER BY ZONE, S U E Z  
WRITE REACTION RATES, INVENTORY, AND POWER ON SCRATCH 

C I E  RECORD FOR EACH ZONE A N D  SUBZONE (IF NOT ON D I R E C T  
ACCESS U N I T )  

NUCLIDE, NUCLIDE CLASS,  A N D  ZONE CLASS 
SETUP INTERNAL CROSS-REPERENCI N G INFO RHATION FOB ABSOLUTE 

COBPUTE REACTION RATES, INVENTORY, AND POWER BY ZONE 
EDIT  REACTION PATES, INVENTORY, A N D  POWER BY ZONE 
COHPUTE REACTIOW BATES, INVENTORY, A N D  POUER BY ZONE CLASS 
EDIT  REACTION RATES, INVENTORY, AND POWER BY ZONE CLASS 
COLlPUTE TOTAL REACTION RATES, INVENTORY, AND POWER BY 

QNIQUE NUCLIDE 

UNIQUE NUCLIDE 

A3 SOLUTE NUCLIDE 

ABSOLUTE NUCLIDE 

ECFT TOTAL REACTION RATES, INVENTORY, AND POWEB BY 

COHPUTE TOTAL REBCTION PATES, INVENTORY, AND POllEB BY 

ECIT TOTAL REACTION BATES, INVENTORY, AND POWER BY 

PREPARE AND E D I T  F I N A L  S U H H A R Y  TABLE 
COMPUTE AND E D I T  ENERGY PRODUCING UNIQUE NUCLIDES 
DETERIIINE STORAGE REQUIRED A I D  LlODE OF SOLUTION AND 

PEE-URITE D I R E C T  ACCESS U N I T S  IF NEEDED 
CONTRGLS INTERFACE F I L E  PBOCESSXHG AND DATA PREPARATION 
AND CALCULATION 
COHPUTE ZONE VOLUMES FROH REGION VOLUHES 
PROCESS RZFLUX A N D  U R I T E  ZONE AVERAGE FLUX ON SCRATCK 

CHECK UABES A N D  CLASSES OW WDXSRF AND GRUPXS FOR AGREERENT 
CHECK ZONE VOLUBES 

I N I T I A L I Z E  DIRECT ACCESS U N I T S  I F  NEEDED 

ONE GROUP AT A TIME 

PUT REBCTION BATES, INVENTOBYI AND POWEB BY ZONE CLASS 
CN WHOLE SYSTEM B A S I S ( D 1 V I D E  BY FRACTION OF CORE TREATED) 

COPY P R I N C I P A L  CROSS SECTIONS FROH GEUPXS TO SCRATCH 
COIIPUTE TOTAL DESTRUCTION RATE BY UNIQUE NUCLIDE 
PROCESS INTERFACE FILE PERTUB AND U R I T E  ZONE PORWARD- 

ADJOINT FLUX INTEGRALS ON SCRATCH ONE GROUP AT A T I B E  

C** ** ** ****** ** ** ****** *** * * ***** ** * * * ***** **** ** ** ** ************ ** **** * 
(CONT) 



c 
C 
C 
c 
C 
C 
c 
<: 
c 
c 
c 
c 
c 
c 
c 
C 
C 
C 
c 
e 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 
C 
c 
c 
c 
C 
c 
c 
c 
c 
c 

B U X R  
BIAEN 
B BClC 
R R D S  
BRTA 
RRTB 
A RTC 
RRTD 
RETE 
R RTP 
B BTG 
BBTH 
R BTI 
RRTJ 
R R T K  
R ETL 
R R T H  
RBTW 
R ET0 
R RTP 
A ET5 
R BTT 
BRT t 

88T2 
R RT3 
RRT4 
BET5 
R B T 6  
R ET7 
BET8 
BRT9 

DOPC 
IPBRR 
DOPC 
E EED 
REED 
REED 
REED 
RITE 

REED 
R E E D  
REED 
REED 
REED 

BOX R 

COPC 
R I T E  
PEBB 
RRTP 
R R T  
BRT3 
SEEK 

R FED 

REED 
REED 

REED 

R RCI RRD s 
R E E D  SEER S K E R  
ROXX BOXP R B T I  FRECOB GETCOR 
R I T E  
R I T E  
B I T E  

R I T E  

R I T E  

REED 

FEBR 

R E E D  RRT A R R T B  RWTC RBTD RRT E 
RRTG BBT n RUT1 A R T J  RRTK BRTL 
BRTl BBTQ BRTP RETS RRTT RBT2 
RRT4 BRT 5 R R T 6  PRT7 RRT8 BET9 
SKER STOB 

R I T E  SEEX SKEB 

BITE 
RITE 

R I T E  SEEK SKER 



... 
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C** ** ** * *** ** * * ** ** ** ** *** * ** ***** ***** ** ** * **+ * 9 ** * * ** * * *** ***** ** ** ** * 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
C 

& U X R  
D O P C  
P E R R  
P R E C O R  
G E T C O R  
f l A I N  
R E E D  

R I T E  

R C X X  
R C X Y  
R A C I  
R R D S  
R R T A  
R H T B  
R RTC 
R R T D  
RRTE 
R RTP 
R R T G  
R H T H  
R R T I  
R E T J  
R RTK 
R RTL 
R R T H  
R E T N  
R R T O  
R ETP 
R R T S  
R RTT 
R R T 1  
RbT2 
R R T 3  
R RT4 
B R T S  
BAT6 
B R T 7  
R bT8 
R R T 9  
SEEK 
S RER 
S ' I O R  

B R T Q  
H A I N  
RRCI 
B R D S  
ERDS 

R R C I  
RKTI 
RRT7 
R R T A  
RRT3 
R R D S  
R R D S  
B A I N  
B U N  
R R T l  
R R T l  
RRTl 
R A T 1  
R R T l  
R R T  1 
RRT 1 
R R T 1  
R R T l  
B R T l  
B R T l  
R R T l  
B R T  1 
R R T  1 
R R T l  
R R T l  
R R T  I 
R R T 1  
R R D S  
R R T l  
R R T l  
RAT 1 
R R T l  
R R T l  
R R T 1  
R R T  1 
B R T l  
REI 
RRCI 
B R T l  

R R D S  RRTS 
RRPS R R T  1 

R R T  A R R T B  R B T C  R R T D  R R T G  R R T H  
RRTJ R R T K  R R T O  R R T l  B R T 3  R R T 6  
R R T 9  
R R T B  R R T C  R R T E  R R T G  B R T I  R R T T  
R R T 6  R R T 7  R R T 9  

R R T l  R R T  3 R R T 9  
R R T l  R R T  3 R R T 9  

C**** **************** ** *************e**  ***** *** . . . . . . . . . . . . . . . . . . . .  ***** 

( C O N T )  

........_. .... .. ... . - . ~  , . . . _. . . . . . . . , . . . . . . . . . , , . , . . . . . . . . . . . . . . . . . . . . 
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c***+ ***********************~*****t***++***++**~************+*****~*** 
C 
C 
c 
C 
C 
C 
c 
C 
c 
C 
c 
c 
C 
c 
c 
c 
c 
c 
c 
C 
c 
c 
C 
c 
c 
C 
C 
c 
C 
c 
c 

SIMPLE OVERLAY STRUCTURE FOR REACTION RATE MODULE 
HODULE H A Y  BE USED WITHOUT OVERLAY AT THIS TIME 

H 
BRCI 
BRDS 
RBT 1 
DOPC (ROXY) LIBRARY 
B I T E  (BEED,ROXX)  LIBRARY 
SEEK L I  BB ABP 

SKER L I  BR A R Y 
PER R L I B B  A R Y  
GETCO R LIBRBRY 
FRECOR LIBRARY 
DEFILE LIBRARY 

STOB L I B R A R Y  

CLosna LIHBARY * * 
* * * * 4 t * * * + * * * * * * * 8 * + * * * 3 * ~ ~ * * * * 5 4 * ~  * 

s * * s * 
B ET2 RRT3 R R T A  RRTG RWTI RRTO 

BRT7 BRTT RRTC RBT6 AIIX'B 

B RTF R RTE R RTL 
RETS RRTM 

RRTN 
RRT8 

RAT5 RAT9 R R T B  RXTH B B T J  RRTP 

RRTY RRTD B RTK 

c 
C D E F I L E  (CALLED PROPS DoPC) ASSEHBLER LANGUAGE ROUTItfE 
c 
C I B M  DEFINE BILE STATEMENT 
C CLOSDA (CALLED FRON DOPC) ASSEflBLER LANGUAGE R O U T I N E  
C 

USED T O  OPEN DIRECT ACCESS F I L E S  - REPLACES THE 

USED T O  CLOSE DIRECT ACCESS F I L E S  OPENED c 'RITH D E F I L E  
c GETCOR/PRECOR (CALLED FROB BRDS) ASSEMBLER LANGUAGE ROUTINES 
c USED TO DYNAHICALLY ALLOCATE WND RELEASE E A X N  - 
C CORE STORAGE 
c c**** * f  **** *I* * * ***+ *+* * *** ** le**+* ** **+* **********+******+****+***** ** ** * 
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REACTION RATE MODULE SCRATCH INPUT/OUTPUT 

C**le*4**4******4***~*******+**4~* +*e**  
c 
C 
c 
C 
C 
C 
c 
c 
c 
C 
C 
c 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
e 
c: 
C 
e 
c 
E 
c 
C 
c 
c 
c 
c 
C 
C 
C 
C 
c 
c 
C 
C 
C 

DIRECT ACCESS 

LOGICAL UNIT 40 ( I D A l )  REACTION RATES B Y  ZONE 
NUMBER OF RECORDS N ZON E 
LENGTH OF RECORD N ACT*N IS00 WORDS 
OPTIONAL DEPENDING ON HEMORY STORAGE At? AILABLE 

LOGICAL UNIT 2U ( I D A 2 )  REACTION RATES B Y  ZONE A N D  SUBZONE 
NWMRER OP RECORDS NZONE + NSZ 
LENGTH OF RECORD NACT*NNS 
OPTIONAL DEPENDING ON IIEllOBY STORAGE AVAILABLE 

WORDS 

LOGICAL UNIT 27 ( I D A 3 )  REACTION RATES BY ZONE CLASS 
MUMBEB OF RECORDS NZCLAS 
LENGTH OF RECORD I ACT*NISOU 
OPTIONAL DEPENDING ON REHORY STORAGE AVAILABLE 

UOR DS 

SE Q U EN T I  AL 

LOGICAL UNIT 45 ( I S R l )  ZONE AVERAGE FLWX 
NUBBEB OF RECORDS NGROUP 
LENGTH OF RECORD NZONE WORDS 
ALWAYS USED 

LOGICAL UNIT 46 ( I S R 2 )  R E B C T X O N  RATES B Y  ZONE A N D  SOBZONE 
N U t l B E R  OF RECORDS NZONE + NSZ 
LENGTH OF RECORD I ACT*MNS WORDS 
WSED UHEW LOGICAL U N I T  2U IS NOT U S E D  

LOGICAL UNIT 48 (ISR3) P R I N C I P A L  CROSS S E C T I O N S  
NGROUP HUHBEE OF RECORDS 

LENGTH OF RECORD NPSCS WORDS 
ALWAYS USED 

LOGICAL UNIT 49 ( I S R 4 1  ZONE AVERAGE PORWBBD-ADJOINT FLUX 
NGROUP NUEIBEB OP RECORDS 

LENGTH OF RECORD N Z O l E  WOE DS 
OPTIONAL 

DEF I U T I  QNS 

I R S U H  = IALF + I N P  + I N 2 N  + I N D  + I # T '  
NACT = 7 * KRSUB 
NPSCS = (4 * IRSUN f 2* (BAXORD + 1) + NSTRPD) *NISO 

NGPLOWP 
8 IS0 
B AXOBD 
NFSCS 
NSTBPD 

f ALP 
I N P  
II2N 
I N D  
I IT 
WZONE 
IS2 
N NS 
H I S O U  
NZCLAS 

NUBBER OF ENERGY GROUPS 
NDPlBER O F  NUCLIDES I N  CROSS S E C T I O N  DATA 
PIAXIIEIR SCATTERING ORDER 
LENGTH O F  P R I M C I P A L  CROSS SECTION RECORD 
NUBBER OF COOBDIRATE DIRECTIOHS FOR WHICH TBANSPORT 

(N,A) CROSS SECTION FLAG 0,1 
(N,P) CROSS SECTION FLAG Q,1 
(N.21) CROSS SECTION FLAG 0 , l  
( R , D )  CROSS SECTION PLBG 0 , l  
(M,T) CROSS SECTION FLAG 0,1 
BURBER O F  ZONES 
NUMBER OB SUBZONES 
B A X I H U H  NUMBER OF NUCLIDES Ill A N Y  S E T  
NOUBER O F  DIFFERENT U N I Q U E  NWCLIDES FOUND I N  SYSTER 
NUMBER O F  DIFFERENT 20 

CROSS S E C T I O N S  ARE GIVEN 

** * * * * * * 4 9 * 4 4 1% ** * 4 4* * * 4* * * * * 4 * 4 * * * * 4 4 * * * * * * 4 ** 4 * * * * * * * * * * * * * * * * * ** * 4 * * * 
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