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1 ,.. 

This  r e p o r t  documents t h e  computer code b l o c k  VENTURE des igned  t o  
s o l v e  mul t ig roup  n e u t r o n i c s  problems w i t h  a p p l i c a t i o n  of t h e  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 - t h e o r y  approximat ion  t o  n e u t r o n  t r a n s p o r t  ( o r  a l -  
t e r n a t i v e l y  s i m p l e  P I )  i n  up t o  th ree -d imens iona l  geometrry. It u s e s  
and g e n e r a t e s  i n t e r f a c e  d a t a  f i l e s  adopted  i n  t h e  c o o p e r a t i v e  e f f o r t  
sponsored  by the Reac to r  Phys ic s  Branch of t h e  D i v i s i o n  of Reac tor  Kesearch 
and Development of t h e  U. S.  Energy Research  and Development A d m i n i s t r a t i o n .  
S e v e r a l  d i f f e r e n t  d a t a  h a n d l i n g  procedures  have been i n c o r p o r a t e d  t o  p rov ide  
c o n s i d e r a b J e  f l e x i b i l i t y ;  i t  shou ld  b e  p o s s i b l e  t o  s o l v e  a w i d e  v a r i e t y  ~f 
problems on a v a r i e t y  o f  computer c o n f i g u r a t i o n s  r e l a t i v e l y  e f f i c i e n t l y .  
AI.so, i t  shou ld  b e  s t r a i g h t f o r w a r d  t u  improve t h e  e f f i c i e n c y  f o r  2 par-  
t i c u l a r  computer and small range  of  problem t y p e  by changing one of t h e  
programmed d a t a  h a n d l i n g  p rocedures .  The programming i n  F o r t r a n  i s  
s t r a i g h t f o r w a r d ,  a l though  d a t a  is  t r a n s f e r r e d  i n  b l o c k s  between a u x i l i a r y  
s t o r a g e  d e v i c e s  and main c o r e ,  and d i r e c t  access schemes are used .  The 
s i z e  of problems which can b e  handled  is e s s e n t i a l l y  l i m i t e d  o n l y  by c o s t  
o f  c a l c u l a 6 i o n  s i n c e  t h e  a r r a y s  are v a r i a b l y  dimensioned.  

The more common o r t h o g o n a l  c o o r d i n a t e  sys tems a r i s i n g  i n  r e a c t o r  
a n a l y s i s  a p p l i c a t i o n s  have  been  t r e a t e d  i n  from one through t h r e e  d imen- 
s i o n s .  These i n c l u d e  t h e  s l a b ,  t h e  c y l i n d e r ,  C-R, 0-R-Z, and hexagonal  
and t r i a g o n a l  c o o r d i n a t e  sys tems i n  two and t h r e e  d imens ions ,  Only t h e  
mesh-centered f i n  i.te d i f f e r e n c e  f o r m u l a t i o n  has been programmed. There 
is p r o v i s i o n  f o r  t h e  more common boundary c o n d i t i o n s  i n c l u d i n g  t h e  re- 
p e a t i n g  boundary,  180" r o t a t i o n a l  symmetry, and t h e  90" s l a b  and the 
60" and 120" t r i a n g l e  r o t a t i o n a l  symmetry c o n d i t i o n s .  

A v a r i e t y  o f  t y p e s  of  problems may b e  s o l v e d :  t h e  u s u a l  e i g e n v a l u e  
problem, a d i r e c t  c r i t i c a l i t y  s e a r c h  on t h e  b u c k l i n g ,  on a r e c i p r o c a l  
v e l o c i t y  a b s o r b e r  (prompt mode), o r  on n u c l i d e  c o n c e n t r a t i o n s ,  o r  an i n -  
d i r e c t  c r i t i c a l i t y  search on n u c l i d e  c o n c e n t r a t i o n s ,  o r  on d imens ions .  
F i r s t - o r d e r  p e r t u r b a t i o n  a n a l y s i s  c a p a b i l i t y  is a v a i l a b l e  a t  t h e  macroscopic  
c r o s s  s e c t i o n  l e v e l .  
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COMPUTER CODE ABSTRACT 

1. Program I d e n t i f i c a t i o n :  VENTURE, A Code Block f o r  So lv ing  Mul t igroup 

Neut r o n i c s  Problems Applying t h e  F i n i t e - D i f f  erence D i f f u s i o n  o r  a 

Simple P1 ’Theory Approximation t o  Neutron T r a n s p o r t .  

2 .  Func t ion :  Th i s  code s o l v e s  u s u a l  n e u t r o n i c s  e i g e n v a l u e ,  a d j o i n t ,  fi.xed 

s o u r c e ,  and c r i t i c a l - i t y  s e a r c h  ( d i r e c t  and i n d i r e c t )  p roblems,  t r e a t i n g  

up t u  t h r e e  geoine t r ic  d imens ions ,  m a p s  power d e n s i t y  and does  f i rs t  

o r d e 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  s e c t i o n  level .  

3. Method o f  SoLution:  An i n n e r ,  o u t e r  i t e r a t i o n  p rocedure  i s  used w i t h  

several d i f f e r e n t  d a t a  h a n d l i n g  schemes programmed i n  p a r a l l e l .  

R e s t r a i n e d  l i n e  o v e r r e l a x a t i o n  is  used ,  and  succeed ing  i terate  f l u x  

sets m a y  b e  a c c e l e r a t e d  by t h e  Chebyshev p r o c e s s  and a s y m p t o t i c  extra- 

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 .  Normally the 

e i g e n v a l u e  of a problem i s  e s t i m a t e d  each o u t e r  i t e r a t i o n  from an over-  

a l l  n e u t r o n  b a l a n c e ;  however,  s o u r c e  r a t i o s  are used i n  some s i t u a t i o n s .  

T h e  d i f f e r e n c e  e q u a t i o n  is  mesh c e n t e r e d  p o i n t .  Advanced c a p a b i l i t y  

i s  i n c o r p o r a t e d ,  as t o  treat  d i r ec t ion -dependen t  d i f E u s i o n  c o e f f i c i e n t s  

and zonc-dependent 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  f u n c t i o n s .  Macroscopic  

n u c l e a r  p r o p e r t i e s  are c a l c u l a t e d  from mic roscop ic  c r o s s  s e c t i o n s  and 

zone and sub-zone n u c l i d e  c o n c e n t r a t i o n s .  

4 .  R e l a t e d  material:  S t anda rd  i n t e r f a c e  f i l e  s p e c i f i c a t i o n s  adopted  

i n  the ERDA Reac to r  P h y s i c s  code c o o r d i n a t i o n  e f f o r t  are used f o r  

e x t e r n a l  f i l e s .  I n p u t  d a t a  i s  s u p p l i e d  by a code-dependent external 

file g e n e r a t e d  by a s e p a r a t e  p r o c e s s o r .  O the r  codes meet ing  i n t e r -  

f a c e  s p e c i f i c a t i o n s  w i l l  coup le  d i r e c t l y  w i t h  t h i s  one. 

5. R e s t r i c t i o n s :  T h i s  code is q u i t e  t ho rough ly  v a r i a b l y  dimensioned.  

Gene ra l ly  t h e  l a r g e r  the problem, t h e  more Inpu t /Ou tpu t  r e q u i r e d  

f o r  i t e r a t i o n .  T h e  1800 s p a c e  p o i n t  one-dimensional  problem h a s  

been  s o l v e d  w i t h i n  50,000 word t o t a l  f a s t  computer memory. 

* 

6 .  Computer: This  code has been  r u n  on IBM computers i n c l u d i n g  t h e  

3601’91, t h e  3601’75, and 360/195, and on t h e  CDC-7600 computer 

a f t e r  the r e q u i r e d  conve r s ion  s t e p .  
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Running T i m e :  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 i z e  

and i n v e r s e l y  p r o p o r t i o n a l  t o  some measiire of c e n t r a l  p r o c e s s o r  and 

d a t a  t r a n s f e r  speeds .  'The b a s i c  ra t2  of  s o l u t i o n  of e igenva lue  

problems i s  about  200 space energy  poi r i t s  p e r  second of  c e n t r a l  

p r o c e s s o r  t i m e  on an IBM 360/91;  th i . s  ra te  f a l l s  o f f  approximate ly  

as (10/N)o-7 where N i s  t h e  average  number of p o i n t s  i n  one di.crien- 

s i o n ,  less when t h e  amount of  d a t a  1/0 i.s low, and more when i t  i s  

h i g h ,  e x c e p t i n g  one-dimensional  probI.ems . Thermal r e a c t o r  l a t t i c e  

and cel l .  problems normal ly  r e q u i r e  more time by perhaps  a f a c t o r  of 

two I Problems i n v o l v i n g  s i g n i € i c a n t  u p s c a t t e r  (iiiul t i - thermal -group 

t r e a t m e n t )  r e q u i r e  add i t i . ona1  computer t i m e  by a f a c t o r  of two o r  

t h r e e .  

8 .  Programming Languages: 

FORTRAN language e x c e p t i n g  c e r t a i n  e x t e n s i o n s ,  especiaL1.y t h o s e  

r e q u i r e d  f o r  unindexed b lock  d a t a  t r a n s f e r s  and d i r e c t  a c c e s s .  Known 

l i m i t a t i o n s  of m a n u f a c t u r e r ' s  c u r r e n t  compi l e r s  a r e  n o t  exceeded:  

€ o r  example a r r a y s  are I i -mited t o  t h r e e  d imens ions ,  dummy arguments 

i n  s u b r o u t i n e s  t o  s i x t y ,  and s u b s c r i p t e d  subsc r ip l : s  are n o t  used .  

C e r t a i n  s t a n d a r d  r o u t i n e s  developed i n  t h e  EKDA Reac tor  Phys ic s  code 

c o o r d i n a t i o n  e f f o r t  a r e  u s e d ,  as f o r  i n p u t  d a t a  p r o c e s s i n g  and d a t a  

f i l e  managing; l o c a l l y  irnp1.emented p rocedures  a r e  needed as t o  make 

a v a i l a b l e  e l a p s e d  computer t i m e  f o r  e x e c u t i n g  c e r t a i n  u s e r  opt:ions. 

Loca l  sys tem r o u t i n e s  used t o  a l l o c a t e  memory and t o  set  up t h e  di.- 

r e c t  a c c e s s  f i l e  s p e c i f  i - c a t i o n s  dynamica l ly  would r e q u i r e  rep l -ace-  

rnent. The s o u r c e  deck c o n s i s c s  of  about  30,000 s t a t e m e n t s  (VENTURE 

p r o p e r ) .  

The programiui-ng i s  b a s i c a l l y  i n  t h e  ASA 1966 

9 .  Opera t ing  System: T h e  b a s i c  OS-360 IBM operating sys t em h a s  been  

used under  HASP w i t h  a FORTRAN I V ,  11 l e v e l  compi le r  v e r s i o n  20.1. 

Access c a p a b i l i t y  i n  t h e  modular seiibe is  e s s e n t i a l .  

10.  Machine Requirements:  A 32,000 word c o r e  i s  needed,  and p r e f e r a b l y  

one much l a r g e r ;  a u x i l i a r y  s t o r a g e  o f  t h e  d i s c  o r  drum t y p e  i s  essen-  

t i a l ,  p r e f e r a b l y  several  on d i f f e r e n t :  d a t a  channe l s .  The programming 
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i s  i n c l u d e d  f o r  three-level h i e r a r c h y  d a t a  s t o r a g e  of e f f i c i e n t  u s e  of an  

ex tended  s low m e m o r y  f o r  l a r g e  th ree -d imens iona l  problems when such  a 

memory is a v a i l a b l e .  T y p i c a l l y  t h e  code uses  2 7  l o g i c a l  1 / 0  u n i t s .  

11. Authors :  D.  R. Vondy 

T.  13. Fowler 

G. W.  Cunningham 

Oak Ridge N a t i o n a l  Labora to ry  

P .  0. Box x 
Oak Ridge,  Tennessee  37830 

12 .  Re fe rences :  a. D.  R. Vondy, e t .  a l . ,  "VENTURE: A Code Block l o r  

S o l v i n g  Mul t igroup Neu t ron ic s  Problerns Applying the 

F i n i t e - D i f f e r e n c e  Diffusion-Tlieory Approximation 

to Neutron  T r a n s p o r t :  EIUA l i epor t ,  Oak Ridge N a t i o n a l  

Labora to ry ,  OKNL-5062 (1975).  

b .  B .  M. Carmichae l ,  "S tandard  I n t e r f a c e  F i l e s  and Pro- 

cedures  € o r  Reac to r  Phys ic s  Codes, Vers ion  I.11," AE;C 

Report  LA-5486-MS (February  1 9 7 4 ,  rev ised! )  

13. Material Available: T h e  package b e i n g  submi t t ed  to t h e  Argonne Code 

Cen te r  i n c l u d e s  F o r t r a n  c a r d  images f o r  a d r i v e r  code, t h e  VENTURE 

n e u t r o n i c s  code b l o c k ,  a c r o s s  s e c t i o n  p r o c e s s o r  code b l o c k ,  a r e a c t i o n  

ra te  c a l c u l a t i o n  code b l o c k ,  and f o u r  s p e c i a l  i n p u t  d a t a  p r o c e s s o r s .  

Assembly language  decks of l o c a l l y  used  r o u t i n e s  are i n c l u d e d  and 

c o p i e s  of t h e  documenting r e p o r t .  

.... 
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S e c t i o n  001: Genera l  D i scuss ion  

The code b l o c k  VENTURE is des igned  t o  s o l v e  mult i -neutron-energy-  

group,  mu l t i -d imens iona l  n e u t r o n i c s  problems.  The f i s i i t e -d i f  ference 

d i f f u s i o n  or  a s i m p l e  P1 theo ry  a p p r o x i m t i o n  to  n e u t r o n  t r a n s p o r t  i s  

a p p l i e d .  Usual e i g e n v a l u e  problems may b e  so lved  t o  d e t e r m i n e  t h e  

m u l t i p l i c a t i o n  f a c t o r  and t h e  ticutron f l u x  d i s t r i b u t i o n .  The ad jo in t :  

problem may b e  s o l v e d .  Fixed source problems arc t r e a t e d  and a v a r i e t y  

of c r i t i c a l i t y  s e a r c h  problems I P e r t u r b a t i o n  r c s u l t s  based on macroscopic  

c r o s s  s e c t i o n s  are  prodiiced b y  o p t i o n .  

The code treats s c a t t e r i n g  from one energy group t o  any o t h e r ,  i n -  

c l u d i n g  upscaLte r ing ,  i n t e r n a l  b l a c k  a b s o r b e r  zones, and 3 v a r i e t y  of 

boundary c o n d i t i o n s  i n c l u d i n g  per . iod ic  and t h e  more impor t an t  r o t a t i o n a l  

symmetry c o n d i t i o n s .  

The method o f  s o l u t i o n  impl-emented is an i t e r a t i o n  p r o c e s s .  

'l'he loose - l ea f  form of th i s  r e p o r t  w i t h  s e c t i o n s  i n  s h o r t  b l o c k s  w a s  

chosen  t o  f a c i l i t a t e  u p d a t i n g  t o  accoun t  f o r  r e v i s i o n s .  

Background 

The p rocedures  implemented i n  the VENTUKE code r e p r e s e n t  a background 

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  l 9 5 0 ' s ,  t o  the work of 
a 19. L. Tobias  and others. Over t h i s  p e r i o d  of t i m e  a l a r g e  number o f  

problems have been  s o l v e d  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  ORNI, and 

a t  o t h e r  i n s t a l l a t i o n s  by t h e  methods which were e v o l v i n g  d u r i n g  this 

p e r i o d .  I t  seems notewor thy  t h a t  a l t h o u g h  t h e o r e t i c a l  c o n s i d e r a t i o n s  

have  p l a y e d  a r o l e ,  t h i s  has been p r i m a r i l y  an  e n g i n e e r i n g  development 

d i r e c t e d  a t  economical  s o l u t i o n  of problems encoun te red  i d  a n a l y s i s .  

p r e v i o u s  code prograImiied i n  this e f f o r t  w a s  CITATION. 

The 
b 

a See  QRNL-4078 f o r  example.  

T. B. Fowler,  D. R. Vondy, and G. W. Cunningham, "Nuclear  Reac to r  Core 
Ana lys i s  Code: CITATION," QRNL-TM-2496, Revi s ion  2 ,  Oak Ridge N a t i o n a l  
Labora to ry  ( Ju ly  1971) .  

b 
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Many i n d i v i d u a l s  have worked on deve lop ing  and i.mplementing proce-  

d u r e s  f o r  s o l v i n g  d i f f u s i o n  t h e o r y  neu t ro r i i c s  problems,  e s p e c i a l l y  a t  t h e  

AEC N a t i o n a l  L a b o r a t o r i e s ,  b u t  a l s o  i n  p r i v a t e  companies and i n  o t h e r  

c o u n t r i e s .  W e  are aware of much of t h i s  work, and acknowledge that-  

pub l i shed  i n f o r m a t i o n  and d i s c u s s i o n s  w i t h  s e v e r a l  i n d i v i d u a l s  have made 

d i r e c t  c o n t r i b u t i o n s  t o  t h i s  e f f o r t .  

a b 

e 

The Procedure  ... . ... of C a l c u l a t i o n  

A f low c h a r t  f o r  t1ie code i s  p r e s e n t e d  i n  F ig .  001-1. This  shows 

t h e  g e n e r a l  f low through t h e  p rocedures  of c a l c u l a t i o n .  

A n  i n n e r ,  o u t e r  itcr,rat:i.on scheme i s  used t o  s o l v e  problems.  N e w  

f l u x  v a l u e s  arc c a l c u l a t e d  from f i n j t e - d i f f e r e n c e ,  n e u t r o n  b a l a n c e  equa- 

t i o n s  f o r  a row of p o i n t s  s i m u l t a n e o u s l y ,  and each new v a l u e  i s  d r i v e n  

i n  the d i r e c t i o n  of t h e  change from t h e  ol-d v a l u e .  T h i s  procedure  i s  

cont inued  over  t h e  space problem a t  one ene rgy ;  i t  is  r e p e a t e d  f o r  a 

number of i n n e r  i t e r a t i o n s ,  and t h e  c .a l .culat ion proceeds  t o  t h e  next 

energy .  A t  each energy the i n s c a t t e r i n g  source  and t h e  f i s s i o n  source  

are de terrnimed. A f t e r  a complete  sweep  of t h e  problem, t h e  e igenva lue  

i s  e s t i m a t e d  e i t h e r  from an o v e r a l l  n e u t r o n  b a l a n c e ,  summed neu t ron  

ba lance  e q u a t i o n s ,  o r  from t h e  souicce r a t i o ,  and t h e  c a l c u l a t i o n  j.s con- 

t i n u e d  t o  s a t i s f y  s p e c i f i e d  convergence c r i t e r i a .  For an i n d i r e c t  c r i -  

t i c a l i t y  s e a r c h ,  an a d d i t i o n a l  o u t e r  i t e r a t i v e  loop  i s  r e q u i r e d  t o  a d j u s t  

t h e  d e s i r e d  pa rame te r s ,  n u c l i d e  c o n c e n t r a t i o n s  o r  d imens ions ,  t o  e f f e c t  

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

I f  t h e r e  i s  one main f e a t u r e  which s t a n d s  o u t  i n  t h e  VENTURE code ,  i t  

is  t h e  d i r e c t  search p rocedure .  A s  c a r r i e d  ove r  from t h e  CITATION code ,  

an i t e r a t i o n  procedure  i s  implemented t o  move t h e  i t e ra te  flux estiiiiate 

a 

'See GA-6540. 

See WAPD-TM-678, BNWL-1264, ANL-7716, and LASL-4396. 

e See AEEW-R682, TRG-229 (R) . 
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-. ..... 

-. .... 

+-- Problem S e t u p ,  I n i t i a l  Access t o  I n t e r f a c e  D a t a  Fi l -es  

I-- [Sea rch  Loop] 

j - -  Macroscopic Cross-Sect ion C a l c u l a t i o n  

I--- Equat:i on C o n s t a n t s  ~ a l - c u l a t i o n  
i , ! -- I n i t i a l i z a t i o n  P rocedures  

_ I  
; I 

i 
~- j .. 

, . -' 

i - -  Required S c r a t c h  Data F i l e  Processi .ng 
-_ .̂.._ ~ 1 r-F--.-.. - I  -- 0ute.r  L t e r a t i o n  Loop 

-- F i s s i o n  Source Ca l~cu la t j . on  

-- Loop Over Energy Groups 

-- I n s c a t t e r  Source C a l c u l a t i o n  ( P  

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

P I ) '  
0' 

i +-- 
-- L i n e  O v e r r e l a x a t i o n  

-- Eigenva lue  C a l c u l a t i o n  

-- Outer  I t e r a t i o n  A c c e l e r a t i o n  

-- Edic I te ra t ive  R e s u l t s  
f 

I 
f :  ' -- [ D i r e c t  Sea rch  Re tu rn  t o  Upgrade Cross  S e c t i o n s ]  

..: -- Convergence T e s t  on Outer I t e r a t i o n  

-- [ I n d i r e c t  Sea rch  R e t u r n ]  

1 - - -- Retu rn  f o r  Res idues  C a l c u l a t i o n  (one  sweep of e q u a t i o n s )  

--Write I n t e r f a c e  F i l e s  ( f l u x ,  power d e n s i t y )  
-- E d i t  R e s u l t s  ( n e u t r o n  b a l a n c e ,  f l u x ,  power d e n s i t y  

n e u t r o n  d e n s i t y )  

: -- [Update I n t e r f a c e  F i l e  f o r  Direct  Kuc l ide  C o n c r n t r a t i o n  
Sea rch ]  

1 _I/ -- Succeeding A d j o i n t  Problem Return 
L 

P e r t u r b a t  i o n  l n t e g r a  1 s , C lmportance Maps I-- 
lRETURNl 

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  
t h e o r y  n e u t r o n i c s  code b l o c k .  

.... 
a T h e  i n s c a t t e r  source 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  l o o p ,  however i n  one d a t a  h a n d l i n g  mode this s o u r c e  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 110 o p e r a t i o n s .  
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d i r e c t l y  toward a s o l u t i o n  by de te rmin ing  t h e  e i g e n v a l u e  of t h e  probl-em 

when c e r t a i n  parameters  a r e  a d j u s t e d .  Perhaps o n l y  t h e  a n a l y s t  w h o  h a s  

expe r i enced  t h e  f r u s t r a t i o n s  of and r e l a t i v e l y  h igh  c o s t  of  o b t a i n i n g  

s o l u t i o n s  by i n d i r e c t  methods can f u l l y  a p p r e c i a t e  t h e  ut.i.1.ity of  this 

d i - r ec t  s e a r c h  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  s e a r c h  problem, t h e  r e l a t i v e  b u c k l i n g ,  

r e c i p r o c a l  v e l o c i t y  l o s s  t e r m ,  o r  r e l a t i v e  change i n  t h e  s e a r c h  n u c l i d e  

c o n c e n t r a t i o n s  i s  t r e a t e d  as t h e  e i g e n v a l u e  of  t h e  problem. N o  o u t e r  

i t e r a t i o n  loop  is  r e q u i r e d .  

The c a l c u l a t i o n  of  macroscopic  c r o s s  s e c t i o n s ,  u s i n g  t h e  n u c l i d e  

d e n s i t i e s  and microscopic  c r o s s  s e c t i o n s  and o f  e q u a t i o n  c o n s t a n t s  i s  

done i n  t h e  head eat1 of t h e  code. A s  shown i r i  t h e  f low c h a r t  o f  F ig .  

001-1, r e t u n i s  a r e  made t o  t h i s  p a r t  o f  t h e  program f o r  r e c a l c u l a t i o n  o f  

t h i s  rnacroscopic d a t a  t o  account  f o r  t h e  effects from ad jus tmen t s  t o  t he  

pa rame te r s  i n  a c r i t i c a l i t y  s e a r c h  problem. To i n i t i a t e  R succeed ing  

a d j o i n t  problem which i n v o l v e s  no changes i n  t h e  p a r a i w t e r s  f o r  a regiilar 

problem which h a s  been  s o l v e d ,  t h e  d a t a  f o r  t h e  r e g u l a r  problem i s  s imply  

r e p r o c e s s e d ,  and tlhe procedure  f o r  t h e  r e g u l a r  problem i s  used. 

A l t e r n a t i v e  Procedures  and Large  P r o b l e m  
..-.-..I__ 

The code c o n t a i n s  p a r a l l e l  p rocedures  i n v o l v i n g  d i f f e r e n t  ways o f  

h a n d l i n g  d a t a  i n v o l v i n g  v a r y i n g  degrees of d a t a  t r a n s f e r  bPrween memory 

and a u x i l i a r y  s t o r a g e  w i t h i n  a f l e x i b l e ,  b a s i c  i t e r a t i v e  p rocedure .  Auto- 

macic s e l e c t i o n  between t h e s p  a l l o w s  e f f e c t i v e  a p p l i c a t i o n  on  d i f f e r e n t  

computer hardware c o n f i g u r a t i o n s  t o  s o l v e  a v a r i e t y  vf  problem s i z e s ; ,  

S t i l l ,  m o d i f i c a t i o n s  mdy w e l l  b e  r e q u i r e d  t o  mosi e f f e c t i v e l y  u s e  a par-  

t i c u l a r  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 r a r c h y  of a u x i l i a r y  s t o r a g e  

d e v i c e s  which have q u i t e  d i f f e w n t  d a t a  t r a n s f e r  rates. The n e c e s s a r y  

changes shou ld  n o t  be ex t remely  ha rd  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 b e  i d e n t i f i e d .  
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The VENTURE code r e p r e s e n t s  a c o n s i d e r a b l e  e x t e n s i o n  o v e r  t h e  CITATION 

code i n  t h e  s i ze  of probI.ems which may be t r e a t e d .  One thousand p o i n t  

one-dimensional  problems have  been  s o l v e d ,  and  t h e  e x t e n t  i n  t h e  other 

t w o  dimensions i s  not  l i m i t e d .  However, s e l e c t i o n  of a p r a c t i c a l  problem 

r e q u i r e s  c o n s i d e r a t i o n  of t h e  cos'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  e x p e n d i t u r e  i n  computer t ime.  On many computers ,  e s p e c i a l l y  so 

t h e  I B M  36O/91, t h e  extra  c o s t  a s s o c i a t e d  w i t h  t h e  i n c r e a s e d  amount of  

d a t a  Input /Output  r e q u i r e d  t o  s o l v e  t h e  l a r g e r  problems i s  indeed s i g -  

n i f i c a n t .  A l s o ,  adequa te  on-Sine a u x i l i a r y  s t o r a g e  i s  r e q u i r e d  f o r  a 

problem t o  be  s o l v e d ,  which i n c r e a s e s  d i r e c t l y  w i t h  t h e  number of space-  

energy  p o i n t s  cons ide red .  

S t anda rd  I n t e r f a c i n g  

T h i s  code b lock  w a s  programmed s p e c i . f i . c a l l y  t o  o p e r a t e  ( i n t e r f a c e )  

w i t h  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 c o o p e r a t i v e  

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 ,  a n  e f f o r t  sponsored  by t h e  Reac tor  

Phys ic s  Branch of t h e  D i v i s i o n  of Reac to r  Research and Development of 

t h e  U. S.  Energy Research and Developnient Administ  ra t  i o n .  Fo r  exinipl.e, a l l  

u s e r  i n p u t  d a t a  is processed  by a s e p a r a t e  b lock  of c:odl.ng; t h i s  n c u t r o n i c s  

code b l o c k  o n l y  i n t e r f a c e s  d a t a  f i l e s .  It uses mic roscop ic  c r o s s  s e y t i o n s  

s u p p l i e d  i n  a s t a n d a r d  i n t e r f a c e  format  f r o m  a n y  s o u r c e ;  o t h e r  (:ode b locks  

are be ing  programmed e l sewhere  t o  g e n e r a t e  t h i s  d a t a ,  and y e t  o t h e r s  t o  u s e  

t h e  r e s u l t s  f rom t h e  n e u t r o n i c s  ca l . cu la t ion .  T h i s  coup l ing  between n i a j  or 

code b l o c k s  i s  e f f e c t e d  by s a t i s f y i n g  ha rd  i n t e r f a c e  d a t a  . f i le  s p e c i f i -  

c a t  i 011s . 

.^_. 

W e  b e l i e v e  t h i s  code b l o c k  s a r i s f i e s  t h e  pr imary  o b J e c t i v e  of t h i s  

e f f o r t  : development o f  a n e u t r o n i c s  code which uses  s t a n d a r d  int.erfac:e 

d a t a  f i l e s ;  one which can b e  conve r t ed  from one computer t o  r u n  on a n o t h e r  

r e l a t i v e l y  e a s i l y  and pe rmi t  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  of  com- 

p u t e r s  having  a v a r i e t y  of hardware c o n f i g u r a t i o n s .  
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The programming i s  a l l  done i n  t h e  F o r t r a n  1-anguage. B a s i c a l l y ,  ASA 

1966 s t a n d a r d  F o r t r a n  g e n e r a l l y  implemented w a s  used w i t h  a few e x t e n s i o n s ;  

da ta  are t r a n s f e r r e d  i n  b locks  of mixed d a t a  type  and d i r e c t  a c c e s s  i s  u s e d ,  

f o r  example. 

t u r e r ' s  compil.ers have q u i t e  g e n e r a l l y  n o t  been exceeded. For example, t h e  

maximum number of dimensiorls of any v a r i a b l e  i s  t h r e e ,  t h e  number of argu--  

ments i n  subrout i .ne s t a t e m e n t s  i s  Limited t o  s i x t y ,  and s u b s c r i p t s  are not. 

s u b s c r i p t e d .  Both s h o r t  and l o n g  word s t o r a g e  of d a t a  are  used f o r  e f f e c t -  

i v e  e x e c u t i o n  on IBM 360, 370 ser ies  computers ( v e r y  low accuracy  i s  a s soc -  

i a t e d  wi.th use of s h o r t  words,  s i n g l e  p r e c i s i o n ,  c a r r y i n g  less t h a n  t h e  

e q u i v a l e n c e  of seven s i g n i f i c a n t  decimal  d i g i t s ) ,  b u t  t h i s  w a s  done i n  such 

a way t h a t  conve r s ion  t o  such a machine as a CDC-7600  should n o t  be t o o  

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  conve r s ion  inc luded  i n  t h i s  

program are  fo l lowed .  €Iowe.ver, s p e c i a l  local .  system r o u t i n e s  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  a c c e s s  f i l e  s p e c i . f i c a t i o n s  

dynamical ly  . 

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  manuEac- 

S t a t u s  

T h i s  documentat ion cove r s  t : h e . f i r s t  release v e r s i o n  of a new code. 

Our e x p e r i e n c e  i n  documenting major  codes under act ive development,  

development whi.ch m i s t  a p p r e c i a b l y  l e a d  p u b l i c a t i o n ,  h a s  been t h a t  

i n i t i a l  documentation t e n d s  t o  b e  i n a c c u r a t e ,  ( 2 )  t h e  e f f o r t  r e q u i r e d  t o  

p r o v i d e  s o m e  a n t i c i p a t e d  c a p a b i l i t i e s  must b e  d e f e r r e d  t o  s a t i s f y  o t h e r  

r equ i r emen t s  found t o  b e  more i m p o r t a n t  (and p r o j e c t i o n s  of s a t i s f y i n g  

programming g o a l s  t tmd t o  b e  o v e r - o p t i m i s t i c )  , and ( 3 )  feed-back from 

p r o d u c t i o n  u s e  by o t h e r  t han  t h e  o r i g i n a t o r s  i s  e s s e n t i a l  t o  the p r o c e s s  

of development o f  a c c u r a t e  documentat ion r e a d i l y  unde r s tood  by t h e  c a s u a l  

u s e r ,  

t h e  a t t e m p t  t o  produce good documentat ion.  

t h i s  code and a u x i l i a r y  ones to i t  w i l l  r e p r e s e n t  a d i r e c t  e f f o r t  a t  ORNL 

of  about  e i g h t  man y e a r s .  

(1) 

N e v e r t h e l e s s ,  a r e a s o n a b l y  amount of  e f f o r t  has been expended i n  

A t  the t i m e  of fo-ruial release, 
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A major  code b l o c k  i s  g e n e r a l l y  n o t  f r e e  of bugs ,  especia1.l.y when 

S t i l l  w e  have  used compl ica ted  o p t i o n s  tend t o  have o v e r l a p p i n g  c o n t r o l .  

an  unusua l ly  large number o f  tes t  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 .  Th i s  t e s t i n g  g i v e s  us conf idence  t h a t  most p r o b l e m  w i l l  b e  

p r o p e r l y  s o l v e d .  P a r t  o f  t h i s  conf idence  comes f rom the n a t u r e  of t h e  

e f f o r t ,  a s t r a i g h t i o r w a r d  e x t e n s i o n  o f  c a p a b i l i t y  w h i c h  h a s  had wide  a p p l i -  

c a t i o n  on a p r o d u c t i o n  b a s i s .  

‘rhe VENTURE and  r e l a t e d  codes are i n  r o u t i n e  p roduc t ion  u s e  l o c a l l y  

and v i a  renote t e r r n i n a l  from other i n s  t a l l a t i o n s  . P r o d u c t i o n  use  has con- 

t r i b u t e d  d i r e c t l y  by feedback  t u  t h e  developed c a p a b i l i t y  and reliab i l i t y .  

Some of t h e  i n d i v i d u a l s  i nvo lved  are E .  J .  A l l e n  i n  t h e  Reac to r  Div is io t i ,  

S .  C .  C r i c k  at: General E l e c t r i c  (Sunnyvale), and D .  L a n c a s t e r  a t  Westing- 

house  (Madison).  T e s t i n g  of an e a r l y  v e r s i o n  of t h e  code a t  LASL by G .  E. 

Bosler  and K .  1). O d e l l  on  a CDC-7600 cornpurer also made c o n t r i b u t i o n ,  The 

code has y e t  t o  b e  used  d i r e c t l y  i n  c o n j u n c t i o n  w i t h  o t h e r  code b locks  

f o r  r e p e a t e d  s o l u t i o n  of problems i n  d e p l e t i o n  and f u e l  management a n a l y s i s  

‘ l ’herefore ,  the p r o v i s i o n s  f o r  c o n t r o l  and r e p e a t  c a l c u l a t i o n s  may b e  incom- 

p I ct e .( 

The ope ra t ion  of the i n t e r f a c e d  code blocks i n  a modular  system 

Locally is y e t  i n  a s t a g e  of development .  ‘Cesting has been  done with 

r e l a t i v e l y  c r u d e  programruing t o  p r o c e s s  the r e q u i r e d  i n p u t  d a t a  i n s  t ruc -  

t i o n s  and  t o  convert a v a i l a b l e  cross seccivxls i n t o  a s t a n d a r d  nuc l ide -  

o r d e r e d  i n t e r f a c e  f i l e  and t h e n  into an energy-group o r d e r e d  S i l e .  

END OF SECTION 
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COMPUTER REQUIREMENTS 

I n  the f o l l o w i n g  d i s c u s s i o n ,  i n f o r m a t i o n  i s  p r e s e n t e d  which may b e  

needed by a u s e r  f o r  effect ive a p p l i c a t i o n  o f  t h e  code.  

f i l es  must b e  made avai lable ,  and there must b e  adequa te  s p a c e  a l l o c a t e d  

on each  l o g i c a l  u n i t  f o r  t h e  d a t a  c a r r i e d  on  i t .  It i s  expec ted  t h a t  

much of the u s e r  burden  r e g a r d i n g  a l l o c a t i o n  o f  s p a c e  can b e  r e l i e v e d  

by u s e  of a r e f e r e n c e  j o b  c o n t r o l  p rocedure  a v a i l a b l e  t o  t h e  o p e r a t i n g  

sys tem;  however,  e s p e c i a l l y  f o r  s o l v i n g  l a r g e  problems,  i t  w i l l  b e  

necessa ry  t o  change t h e  a l l o c a t i o n s  by o v e r r i d i n g  t h o s e  p rov ided  i n  

t h e  j o b  c o n t r o l  p rocedure .  T h i s  p rocedure  w i l l  a l s o  g e n e r a l l y  relieve 

the u s e r  of  s u p p l y i n g  a s u b r o u t i n e  o v e r l a y  s t r u c t u r e ;  an  o v e r l a y  

s t r u c t u r e  is n o t  needed when the code is  used as a load  module. 

The r e q u i r e d  

I VENTURE as a Module 

The VENTURE code b l o c k  is a module f o r  s o l v i n g  n e u t r o n  t r a n s p o r t  
,- 

problems by a p p l i c a t i o n  of d i f f u s i o n  theo ry .  I t  i s  s t r u c t u r e d  f o r  u se  

i n  a modular  code sys t em;  o t h e r  modules which s e r v e  t h e  s a m e  r o l e  may 

p a r a l l e l  i t  i n  a sys tem.  The code does n o t  r e a d  u s e r  i n p u t  c a r d s .  Data 

s u p p l i e d  t o  i t  must be  i n  we l l -de f ined  i n t e r f a c e  d a t a  f i l e s .  R e s u l t s  

f rom t h e  code are p l a c e d  on o t h e r  i n t e r f a c e  d a t a  f i l e s  on demand €or 

subsequent  u se .  The code c o n t a i n s  r o u t i n e s  t o  produce  e l a b o r a t e  e d i t s  

of r e s u l t s  on demand and always e d i t s  key r e s u l t s .  

L o c a l l y  the code is used  under  a r e s i d e n t  d r i v e r  as d i s c u s s e d  i n  

d e t a i l  i n  Appendix C .  

w i t h  an i n c o r p o r a t e d  o v e r l a y  s t r u c t u r e ,  assembled.  

d i s c  which may o r  may n o t  b e  on - l ine .  

d i s c  c o n t a i n s  b a s i c  j o b  c o n t r o l  i n s t r u c t i o n s  w i t h  p r o v i s i o n  f o r  changing 
t h e  space a l l o c a t i o n s  and  d a t a  b l o c k i n g  f a c t o r s .  Changes to  t h e  program, 

t o  t h e  F o r t r a n  language  compi l e r  i n s t r u c t i o n s ,  can n o t  b e  done s imply  be- 
cause  r e l o a d i n g  i s  n e c e s s a r y ;  such  changes are t h e r e f o r e  not: a l lowed gener-  

a l l y  by t h e  l o c a l  u s e r  community. 
l o c a l l y  and remote ly  from o t h e r  i n s t a l l a t i o n s  via  remote t e r m i n a l .  There- 

f o r e ,  m o d i f i c a t i o n s  m u s t  b e  c a r e f u l l y  a s s e s s e d  and p roofed  p r i o r  t o  

g e n e r a l  use .  

The code i s  p l a c e d  i n  e x e c u t a b l e  l o a d  module form 

It is a v a i l a b l e  on 

A c a t a l o g u e d  p rocedure  s t o r e d  on 

The code is used  on  a p r o d u c t i o n  b a s i s  
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Other  modules are i n  use  i n  t h i s  sys tem.  These i n c l u d e  a s t a n d a r d  

i n p u t  d a t a  p r o c e s s o r  t o  g e n e r a t e  i n t e r f a c e  d a t a  f i l e s ,  a c r o s s  s e c t i o n  

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

r t s u l . t s .  S p e c i a l  i n p u t  d a t a  p r o c e s s o r s  are a l s o  i n  use  which g e n e r a t e  

d a t a  iiles. New modules w i l l  b e  phased i n t o  t h e  sys tem as they  become 

a v a i l a b l e  and are made compat ib le ;  f o r  example,  d e p l e t i o n  c a p a b i l i t y  

s h o u l d  soon b e  a v a i l a b l e .  

-I--.- Machine T i m e  Re*uLements and Charg ing  

O f  primary concern  h e r e  are c e n t r a l  p r o c e s s o r  (cp) time, c lock  t i m . e ,  

and c o s t i n g .  Clock t i m e  is q u i t e  dependent  on what t a s k s  are b e i n g  p e r -  

formed; i t  i n c r e a s e s  w i % h  t h e  number o f  I n p u t / Q u t p u t  o p e r a t i o n s  performed 

dur ing  any t a s k ,  e x e c u t i o n  of a j o b ,  o r  computat ion.  I f  a l a r g e  f r a c t i o n  

of t h e  memory a v a i l a b l e  f o r  computat ion i s  used by a j o b ,  t h e n  t h e  mul.ti-- 

t a s k i n g  sys t em cannot  a c h i e v e  o v e r l a p  of  c a l c u l a t i o n  and d a t a  t r a n s f e r .  

A r e f e r e n c e  ra te  of  f a s t  r e a c t o r  problem s o l u t i o n  i s  200 space-energy 

p o i n t s  p e r  second IBM-360/91 cp t i m e .  This  ra te  f a l l s  o f f  approximatx ly  

as (10/N)o*7 

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 i t  i s  h i g h ,  

e x c e p t i n g  one-dimensional  problems.  C e r t a i n  t y p e s  of problems r e q u i r e  

more time, 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  [:reate$ o r  the problem i s  f o r  

a l a r g e  the rma l  r e a c t o r  o r  a c e l l  w i t h  r e f l e c t i n g  boundar i e s .  R e l a t i v e  

cp t i m e  f o r  t h e  IBM-360/195 i s  about  h a l f  t h a t  f o r  t h e  / 9 l ,  and t h e  

IBM-360/75 cp t i m e  is about  f o u r  t i m e s  that  of t h e  /91.  Cur ren t  loca l .  

charge  rates are g iven  i n  Appendix D.  

where N i.s t h e  a v e r a g e  number o f  p o i n t s  i n  one d h e n s i o n ,  

- Memory Requirement? 

Memory requi rements  f o r  t h e  code b l o c k  are d i s c u s s e d  h e r e .  S e p a r a t e  

s t o r a g e  i s  r e q u i r e d  t o  s a t i s f y  f o u r  r equ i r emen t s  : 

1. Program (iliachine i n s t r u c t i o n s  and v a r i a b l e s  n u t  v a r i a b l y  dimen- 

s i o n e d )  -- The s t o r a g e  i s  minimized by an e f f e c t i v e  o v e r l a y  scheme. 

2 .  L i b r a r y  Rou t ines  - These are provided  by t h e  sys tem and range  

from a r i t h m e t i c  f u n c t i o n s  t o  t h e  d a t a  Lnput/Output package. 
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3 .  B u f f e r  Area_- This s t o r a g e  is  r e q u i r e d  t o  a l l o w  d a t a  t o  b e  t r a n s -  

f e r r e d  i n  b l o c k s ,  and is most impor t an t  where l a r g e  amounts o f  d a t a  are 

a c c e s s e d  r e p e a t e d l y ,  as a t  t h e  h e a r t  of an  i t e r a t ive  p rocedure .  C a r e f u l  

a l l o c a t i o n  oC t h e  b u f f e r  s t o r a g e  is impor t an t  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 u s e r  e x p e r i e n c e  must b e  a g u i d e  t o  r e a s o n a b l e  a l l o c a t i o n .  

Gene ra l ly ,  t h e  l a r g e r  t h e  problem, t h e  more d a t a  which must b e  t r a n s m i t t e d  

and the l a r g e r  the b u f f e r s  r e q u i r e d .  However, i f  a l a r g e  a l l o c a t i o n  of 

b u f f e r s  causes  deg rad ing  of t h e  mode of d a t a  h a n d l i n g  d u r i n g  i t e r a t i o n ,  

t h e  per formance  can b e  expec ted  t o  b e  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 ex tended  s low memory is used f o r  b u f f e r  s t o r a g e  of  d a t a  b e i n g  

t r a n s f e r r e d .  

4 .  V a r i a b l y  Dimensioned Data - Most d a t a  a r r a y s  i n  the eode  are 

v a r i a b l y  dimensioned.  The amount of s t o r a g e  r e q u i r e d  depends on a n  

involved  combina t ion  of t h e  pr imary  v a r i a b l e s  o f  a problem, t h e  o p t i o n s  

e x e r c i s e d ,  and the mode o f  d a t a  h a n d l i n g  s e l e c t e d .  

a There  are s i x  d a t a  h a n d l i n g  modes programmed and t h e  one s e l e c t e d  

by t h e  code depends upon t h e  a v a i l a b l e  c o r e  s t o r a g e .  A use r - supp l i ed  i n p u t  

number i s  t h e  dimension of the c o n t a i n e r  a r r a y  i n  which a l l  problem depen- 

d e n t  v a r i a b l e s  are s t o r e d .  The modes of d a t a  handl i -ng are: 

1. Data s t o r e d  f o r  a l l  g roups ,  a l l  p l a n e s  ( " a l l - s t o r e d "  mode). 

2 .  Data s t o r e d  f o r  one  group,  a l l  p l a n e s  ("mesh-stored'' mode) - 
3. Data s t o r e d  f o r  one  group,  several p l a n e s  (3-D problems on ly )  

b ("plane-s t o r e d "  iriode) 

4 .  Data s t o r e d  f o r  one  group,  s e v e r a l  rows (2-D problems on ly )  ("row- 

s t o r e d "  mode). 

a S e e  S e c t i o n  225 f o r  d e t a i l s .  

b A f t e r  de t e rmin ing  the nunber  o f  inner i t e r a t i o n s  t o  be  done f o r  a g i v e n  
problem, t h e  code no rma l ly  w i l l  s t o r e  as many p l a n e s  of  d a t a  there a m  

i n n e r  i t e r a t i o n s  ( t o  minimize L / O )  p r o v i d i n g  enough c o r e  s t o r a g e  i s  avail- 
a b l e .  T h i s  b u i l t - i n  p rocedure  may b e  o v e r r i d e n  by o p t i o n .  
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5. Data s t o r e d  f o r  one group,  one row ("one-row-stored" mode). 

6 .  Data s t o r e d  f o r  one group,  several  p l a n e s  ( o r  one  p l a n e  f o r  2-D 

problems)  i n  ex tended  s l o w  c o r e  and moved by siiialler b l o c k s  i n t o  

f a s t  c o r e  ( "mul t i - l eve l  d a t a  t r a n s f e r "  mode). 

The code e d i t s  a t a b l e  of d a t a  s t o r a g e  requi rements  f o r  a l l  t h e  a p p l i -  

c a b l e  d a t a  h a n d l i n g  modes when a j o b  i s  execu ted ,  and a u t o m a t i c a l l y  selects 

that mode i n v o l v i n g  t h e  least  amount o f  d a t a  i n p u t / o u t p u t  u n l e s s  o v e r r i d d e n  

by u s e r  c o n t r o l .  

Basic Requirements ( I B M  s h o r t  word, 4-byte)  

Program 28,400 

L i b r a r y  Rout ines  .8 ,200 

B u f f e r  Area 5,000-.3O, 000 

Minimum Data 5,000 

When o p e r a t e d  under  a r e s i d e n t  d r i v e r ,  about  11,000 a d d i t i o n a l  words 

of  memory are r e q u i r e d ,  t h e  amount depeiiding p r i m a r i l y  on t h e  sys tem 

l i b r a r y  rou t i i i e s  used by i t  e 

Continued e f f o r t  on this code wi l l .  p robably  i n t r o d u c e  a d d i t i o n a l  

a l t e r n a t i v e s  f u r t h e r  compl i ca t ing  d a t a  s t o r a g e  r e q u i r r m e n t s .  S t i l l ,  

automated s e l e c t i o n  between a l t e r n a t i v e s  minimizes  t h e  burden  on t h e  

u s e r .  It is  hoped t h a t  added coding  can  b e  i n c o r p o r a t e d  w i t h i n  a s imple  

o v e r l a y  scheme such  t h a t  t h e  s t o r a g e  r e q u i r e d  f o r  prograiii w i l l  n o t  

i n c r e a s e  much. 

A u x i l i a r y  S t o r a g e  

I n  s o l v i n g  a l a r g e  problem, Lhis code may w e l l  tax a v a i l a b l e  capa- 

A 2 .5  x l o 6  space-energy p o i n t  problem b i l i t y  f o r  f a s t  access s t o r a g e .  

r e q u i r e s  5 x l o 6  short-word (2.5 x l o 6  Long-word) s t o r a g e  f o r  one s e t  of 

t h e  f l u x  valuezz. Not on ly  must  t h r e e  sets of  t h e s e  b e  s t o r e d ,  b u t  one o r  

two c o p i e s  of t h e  e q u a t i o n  c o n s t a n t s ,  each requir inl i ,  abou t  f o u r  times as 

much s p a c e  as one  set  of  f l u x  v a l u e s .  Not on ly  must this s t o r a g e  b e  avail- 
a b l e ,  j d L i e L d l l y  on  d i s c  u n i t s ,  b u t  a l s o  s e p a r a t e d  between c o n t r o l  channels  
f o r  e f f i c i e n t  d a t a  t r a n s f e r .  

a f i l e ,  the d a t a  must span  two o r  more u n i t s .  

d i s c u s s e d  i n  S e c t i o n  2 0 4 .  

When one  d i s c  u n i t  is i n a d e q u a t e  t o  h o l d  

Details of t h e  f i l e s  are 
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To exercise c o n t r o l  over the i n t e r f a c e  data f i l e s ,  a user must have 

information about these; refer t o  S e c t i o n  204.  

END OF SECTION 
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Programming I n f o r ~ n a t i o n  .... I--.. 

In t h e  f o l l o w i n g  s e c t i o n s ,  t h e  i n f o r m a t i o n  needed f o r  a conq,rehensive 

unde r s t and ing  of  t h e  program i s  p r e s e n t e d .  Th i s  i n f u r w i t i o n  i s  d i r e c t e d  

a t  t h e  programmer making m o d i f i c a t i o n  t o  the  code o r  c o n v e r t i n g  i t  from 

one computer t o  a n o t h e r ,  arid is intiended o n l y  t o  s i ipp lenent  t h e  s o u r c e  

deck FORTRAN l i s t i n g  which c o n t a i n s  i n f o r m a t i v e  comments. Pr imary data 

a r r a y s  are d e f i n e d  on comment l i n e s  arid conve r s ion  n o t e s  are i n c l u d e d .  

T h e  s o u r c e  language  i s  FORTRAN, primarily the  s t a n d a r d  ASA 1966 

FORTRAN. However, b lock  t r a n s f e r  of d a t a  o f  mixed type  i s  done wi thou t  

:i.ndexing i.n t h e  guise of the ?LEAL t y p e S  and t h e  d i r e c t  a c c e s s  mode of  

d a t a  t r a n s f e r  i s  used .  Loca l  sys tem r o u t i n e s  ar-?: used t o  a l l o c a t e  memory 

and t o  d e f i n e  t h e  d i r e c t  a c c e s s  f i1e.s  a~id access parameters dynami-cally,  

and also t o  o b t a i n  t i m e  and comFuter model; t h e  f u n c t i o n s  of these r o u t i n e s  

would have t o  be  sa t i s f  i.ed o r  r equ i r emen t s  and a s s o c i a t e d  c a p a b i l i t y  by- 

... passed .  

END OF SECTION 
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S e c t i o n  201-1 In fo rma t ion  About S u b r o u t i n e s  

Here p r i n c i p a l  i n f o r m a t i o n  is p rov ided  aboutl t h e  s u b r o u t i n e s .  Where 

p r a c t i c a l ,  t h e y  are grouped i n t o  sets t o  i d e n t i f y  t h o s e  which are used 

t o g e t h e r  t o  pe r fo rm some we l l -de f ined  f u n c t i o n .  

- .... 
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A D N  1 

A C f  2 
A D N 3  
I??€? 1 

L O U 1  
FOU 1 
S O U 7  
POV 1 
LEK1 

IBR2 

fOU2 
LOU2 
sou2 

CHANGES CCflRSE 8ESR 
CALCULATa REGION VOLS FROH POI11: TCLS 

CflAPGFS R E G I O N  VOLUl l lS  
E D I T S  PIlJAL HESB - CIIJEBSIC'IP S E I R C B  
ODTEE 1 4 8 R A T I 0 8  C O l l R O L L E R  

C A I 1 5  CAYL 

CALLS DOIN, ZIIPS, ZSOB* SSCR, FLUX,  PSOR, JUSB, BALC, XTRP 
PRES, RBES, PREC, P O E X ,  C H E F ,  cBB1, C B E 2 ,  E T E l  

e ETBZ, ATLTEC, SGDA, P B E E  
NBUTRON E & A € f C L  C A L C U L A l I O l  
CALCUL&LTBS THE DXEECT SEARCE J?RCBLEB EIGENVALUE 
C H 3 Ef S H E 1 ACCELERATION IhOU 'fI N E 
CHE E Y SB E P AC CELER AT IO I RCU TIN E 
C B B E P S H E I  ACCELERATION ROUTINPI  
ASSESSES FLUX CClYEFGENCE 

CALLS FPGG 
D V E R R E L A I & T I O #  COEPFICIEHT CO8BTEOL 
ECflS I T i i E A T X O 1  DATA 
CALCULA'L3S FLDX E X T 6 A P O Z I T I O N  F #CSCIiS 
BES ICOE E S T f f i A T E  OF THE BULTIPLICAIION FACTOE 

P I S  SION SOUR CB CBLC @LA TION CO #4 RGIZBR 

S C A T T E R I I G  S O t f B C E  CALCDIATXOI CCN'IECL 

P - 1  S C A T l E B I l G  SOURCE CALCULATICN CCRITRCL 

I N N  EX ITEBELTION COFJ'IEIOL 

EXT R A P O L I 3 I O N  PAR AH ETER P R O C E  S S f l G  
SINGXE EKEOB HCDE FLUX E X T F A P O L b T I C I  
C O U E L E  Ei2;BOB MODE PtUX EXTRAPOIATICA 
S A V E S  AlPC BETRIVES G A T A  CUBING CfBECT N U C L I D E  SEARICE 

3 B B C S  RES'IART F X L E  
V R T T E S  RESTART FIXE 
CALCBLA'SBS ONE-Df l IENSXOBAL S H E E I .  E RBAHIETERS 
COEI'IBOLLEB FOB U P D A l f W G  B T G i l I C  DEIFSITIES 

UPDATES ATORfC DENSITIES 
E D T l S  B T G B  DENSITIES 
I H N E R  I T B R A T I O N  CONTROL ( 1  ROf 2 T C S E D  RCDE) 

IN- L E B K  1 G E CBLCOLATXON 
FZS S I O H  S O U R C E  C A L C U L A T I O N  
SCATTER I b G S G U RC E C BLCU L AT ION 
I?-1 S C A ' I I E B I N G  SOBRCE C A L C U L A l f C N  
0 OT -LEA R l i  G3 CALCU L AT IO 13 

SOLYES F O B  THE FLUX V A L U E S  l l f C R G  A SOW A#D OVEEIRFLAXES THE# 

C B f f S  P C U l ,  PCU2, I O U 3 ,  FOfJ4,  F O U 5 ,  PO06 

CALLS S C U I ,  Soa2, SaU3, sc04, SOUS, SOU6 

C A I Z S  PCU1, ECU2, FOU3,  FOOU, POU5 

C A X L S  I N R I ,  X N B 2 ,  lNR3, IWE4, INR5, IN46 

F L U X  C a L c m A m m  BTXLXTP R O U T I N E  

C A I I S  AD12, A013, FEBE, SKIR 

C A I I S  LGO1, EDFIE. BELX, L E K 1  

XElNER ITEBBTION CONTROL {BLL C A ? A  STORED NODE) 

FISSION SC'OBCE CBLCOZATICH 

S C A T T E R 1  AG S C l l R C E  CALCf l lAT I O N  

CALLS LOU2, BDOE, RELX, l E F 2  

I R- E AK A 6 E c ALC u~ n I 10 H 

[CORT) 



POIJ 2 
LEK2 

I B R 3  

INR4 

L C U i d  
FBU 4 
SOU4 
sonx 
POU4 
L E K Y  
9 TCId 
Q e U E  

Q E L X  

TWRS 

I N R X  
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S P E C I A I  R O C T I N E S  

GETCOB ASSE?!ELP LANGUAGE R C U T I H E  TQ l lLLOCllTE C O R E  DYHABICBLLY FOR 
THE V P R I B E L Y  D I B E N S X O N E D  A R R A Y S  B ?  €?OH TIBE 

FRECOR ASSE8ELP I A N G U A G E  R C U T I l E  T O  F R E E  CORE l lLLOCATED BY GETCOR 
EBBSFT SUPPLXES THE LEVEL OF ERROR E T O E E  TO THE SYSTEM 

LABEL CO!l!ICl BLOCKS 

CHTRL 
VCTRL 
l4 GMT 10 
TOUNT 
AFLTJP 
AOSUB 
LINTS 
A D R E S  
PSWRP 

P N C  CF SECTION 201 
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S e c t i o n  203-1: T r a n s f e r r i n g  Data I---.-- l--.l 

To f a c i l i t a t e  any changes which might be  r e q u i r e d  t o  t h e  method of 

d a t a  t r a n s i e r  between memory and a u x i l i a r y  s t o r a g e ,  t h e  r o u t i n e s  REEL) a d  

R I T E  wi th  known f u n c t i o n s  have been used. REED t r a n s f e r s  d a t a  from aux 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 o n t o  a u x i l i a r y  s t o r -  

a g e .  These t r a n s f e r s  are made i n  b l o c k s  ( a r r a y s )  cf data ,  always under 

t h e  g u i s e  of &by te  IBM f l o a t i n g  p o i n t  numbers. 

S e q u e n t i a l  Access 

A r eco rd  i s  k e p t  of t h e  a c c e s s  pos i . t i on  of each l o g i c a l  unit:. Upon 

any r e q u e s t  f o r  a d a t a  t r a n s f e r  o p e r a t i o n ,  t h e  a c c e s s  p o s i t i o n  f o r  t h a t  

ui1i.t is checked w i t h  t h e  r e f e r e n c e  r eco rd  number p rov ided .  1% proper1.y 

p o s i t i o n e d ,  t h e  t r a n s f e r  i s  made w i t h  a F o r t r a n  liEAI) or WRITE stateiiierit .I 

I f  no t  p r o p e r l y  p o s i t i o n e d ,  r e p o s i t i o n h g  is  done t o  a 1ii.ghe.r r eco rd  num- 

her 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  s t a r t .  ('rhe back- 

......_ space  c a p a b i l i t y  i s  not used ;  t r o u b l e  w i t h  t h i s  tec1in:i.qi.te has  s i m p l y  

caused u s  an i n o r d i n a t e  amount of troub1.e Loca l ly  and on c o n v e r s i o n  t o  ais-- 
t a n t  f a c i l i t i e s ,  and h a s  been a c o s t l y  p e n a l t y  i n  a n a l y s i s  e f f o r t  or1 

p r o j e c t s . )  'Thus f o r  t r a n s f e r s  which are  made sequeriti.al.I.y, t h e  t a s k s  are 

performed d i r e c t l y .  

I:t is no ted  t h a t  t h e  t e c h n i q u e  implemented may d f s c . o u r a g s  cal-ryi.iig an 

a c c e s s  p o s i t i o n  f r o m  one r o u t i n e  t o  a n o t h e r .  Th i s  p r a c t i c e  .is g e n e r a l l y  

deemed t o  b e  u n d e s i r a b l e ,  that- i s ,  t o  r ead  t o  some p o i n t  i n  a d a t a  Pile i n  

one r o u t i n e  and then  c o n t i n u e  r e a d i n g  i n  a n o t h e r  r o u t i n e ,  because  i t  re- 

s t r a i n s  sequenc ing  r o u t e s .  T h e  access pos:i.t: i o n  d a t a  i s  c a r r i e d  i r i  iin a r r a y  

i.n a l a b e l e d  common b l o c k  in the s e r v i c e  r o u t i n e s  and n o t  accessed  in t h e  

coding o r  t i .nkered w i t h .  

REWIND c a p a b i l i t y  i s  prov:i.decl Also there  :is p r o t e c % i o n  a g a i n s t  read-  

i n g  d a t a  which has not  been w r i t t e n ,  e s p e c i a l l y  useful for the debugging 

phase  of program development.  An END OF FILE may be. p l a c e d  o n  t h e  u n i t  

( a f t e r  i t  has been w r i t t e n )  w i t h  a spec ia l  c a l l ,  and then  rewind done. 

The p o s i t i o n  f l a g s  f o r  t h e  cini.ts accessed  sequenti.al.1.y are  i n i t i a l l y  set: to  

z e r o ;  an a t t e m p t  t o  g e t  d a t a  b e f o r e  i t  has been w r i t t e n  w i l l  cause an. e r r o r  

message e d i t .  

.. ._ 
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Direct A c  ce s s 

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 i h e r  t h e  d i r e c t  

access mode o r  t h e  s e q u e n t i a l  access mode by repos i t i .on ing .  However, w e  

f i n d  g e n e r a l l y  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 e q u e n t i a l  access 

i s  t h e  most e f f i c i e n t .  The m u l t i p l e  r e p o s i t i . o n i n g  a s s o c i a t e d  w i t h  

a c c e s s i n g  r e c o r d s  o u t  of  o r d e r  i s  a s e r i o u s  p e n a l t y  w h e n  s e q u e n t i a l  access 

i s  used on many sys tems.  The s o l u t i o n  t o  t h i s  problem w i t h  s t o r a g e  on 

d i s k  u n i t s  i s  t o  c a r r y  a r e c o r d  accoun t ing  i n  t h e  o p e r a t i n g  system and 

t r a n s m i t  a s i n g l e  p o s i t i o n i n g  o r d e r ,  t h e  d i r e c t  access mode. I n  t h e  d i r e c t  

a c c e s s  by r e c o r d  mode, oi l ly  f i x e d  l e n g t h ,  unformat ted  r e c o r d s  a r e  moved. 

'To a l l o w  bo th  s e q u e n t i a l  and d i r e c t  access modes of  o p e r a t i o n  i.n a 

program r e q u 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 .  T h i s  

could be done by (I)  u s i n g  d i f f e r e n t  r o w t i n e s  o r  set f l a g s  i n  t h e  program, 

( 2 )  d e f i n i n g  a range  of l o g i c a l  u n i t s  f o r  one t y p e  of  access, o r  (3) pro-  

v i d i n g  f l a g s .  We r e j e c t  (1 )  as i n h i b i t l i n g  i n t e r c h a n g e ,  and (2) as an  

u n d e s i r a b l e  and n o t  a s u f f  ici.ent. !L; :;' :; : -L-~L L.c,~c~;tc:. 'L'he scheme s e l e c t e d  

al.Iows u s e  of a l o c a l  a d a p t a t i o n  of t h e  IBM system r o u t i n e s  t o  be used .  

For e f f i c i e n t  execut:i.on, parameters  s u c h  a s  r e c o r d  l e n g t h  must b e  

made problem dependent .  T h i s  i s  done with r o u t i n e s  adapted  l o c a l l y  which 

must be accessed  p r i o r  t o  u s e  of t h e  a u x i l - i a r y  unit t o  open i t .  

Core-to-Core ~ - _ _ _  

A n  implementat ion was adopted which a l l o w s  d a t a  f i l e s  t o  b e  s t o r e d  

i n  memory (extended c o r e )  if s p a c e  a l l o w s .  ln t h i s  mode, t h e  d a t a  i s  

s imply  moved from one l o c a t i o n  t o  a n o t h e r  d i r e c t l y .  

Asy n ch r o no 1 1 Op era t ions 

The r o u t i n e s  p r o v i d e  f o r  asynchronous o p e r a t i o n s  t o  a l l o w  o v e r l a p  

of  i n p u t / o u t p u t  o p e r a t  i o n s  w i t h  c a l c u l a t i o n .  S p e c i a l  r o u t i n e s  are  re- 

q u i r e d  on a computer t o  provide  t h i s  c a p a b i l i t y  l o c a l l y .  

Mult i - l e v e l  1/0 Hierai chy 
_I_ --__ 

C a p a b i l i t y  211 t h e  r o u t i r i e s  p r o v i d e s  f o r  s t o r a g c  of d a t a  i n  an 

extended (s low)  c o r e  and i n p u t / o u t p u t  w i t h  b o t h  d i s c  and memory. T h i s  
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c a p a b i l i t y  admits s i m u l a t i o n  and t e s t i n g  of  t h e  mode on a machine l a c k i n g  

ex tended  c o r e  by u s e  of memory. It a l s o  provides a u s e f u l  mode of o p e r a t i o n  

f o r  a large memory machine, s i n c e  t h e  core- to-ex tended-core  t r a n s f e r s  are 

s imply  movement of d a t a  between memory L o c a t i o n s .  

__ T h e  Inpu t /Ou tpu t  R o u t i n s  

W e  e x p e c t  compromises t o  b e  made i n  t h e  c o o p e r a t i v e  i n t e r i n s t a l l a t i o n  

e f f o r t  on t h e  scheme used t o  admit a v a r i e t y  of i n p u t l o u t p u t  t e c h n i q u e s  t o  

b e  used i n  a code. 'Tile cade uses  a p r e l i m i n a r y  implementa t ion  of the input/ '  

o u t p u t  s e r v i c e  r o u t i n e s  which are l i s t e d  a l o n g  w i t h  t h e i r  f u n c t i o n s  i n  

s e c t i o n  2 0 1 .  

is  presented i n  F i g u r e  203-1; the concerned p r o g r a m e r  shou ld  r e f e r  t o  t h c  

F o r t r a n  l i s t i n g  of the r o u t i n e s  a c t u a l l y  d i s t r i b u t e d ,  

A l i s t i n g  of documenting comments f o r  t h e s e  managing r o u t i n e s  
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F I G U R E  203-1. D A T A  I N P U T / O U T P U T  SERVICE H O D T I N E S  

( T H E S E  CCHBENT CABUS AHk: PHfEaaY DOCUNENTATIOW AT TIBtS O P  P U B L I C A T I O N .  
S E E  THE FORTRAN L I S F I l G  OF THE P R 3 G I A R  T R A N S B I T T E D  FOR DETGILS) 

CDOPC B O U T I M E  FOR JPEHINL; A N D  CLOSING AOXTT,TARY PILES 
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 
6 
C 
C 
C 
C 
c 
C 
c 
c 
c 
c 
C 
C 
C 

E O B L F I E D  3-1-75 OaNL V E R S I O N  

TIIE F C L L O W A N G  Ab1E H L U U I R E C  FOR A flODtl1.E IN T H E  LOCAL S Y S T E E  
1- X A I l I B L I Z E  YH'I 'H A C A L L  TO D O P C  
2- ALLOCATE STOPAGE 
3- CCHBUNICBTE STORAGE Z O C A T l U l S  WI"I"H C A L L S  T O  R C X X  AND BOXY 
4- OEEW WOCkhSAd'S F I L E S  (NOT REQUIRED FOR S E Q U E N T I A L  TORTBABI) 

5- C L O S E  Y K L C S  AS D t S I R E Q  UIYH CALLS TO DOPC 
6-  DETERXILIE 1HrEMfBC.E FILE U N I T S  LBETH CALLS TO SEEK 
7- WBBP UP YITH A , L O S E  C A L L  TU DO= 

(STAND ALONE OPYBATLOg N A Y  USE S E E K ,  REED, AHD R I T E  YT'Pfil 
S E C U E N T I A L  OPEMAGXOM 56 IT'HOIIT T H E S E  OTHER R E Q U I R E 8 E N T S )  

HXTH CALL5 To 3 0 P C  

DOPC 2 0  
DOPC 30 
DOPC 4 0  
DOPC 5 0  
DOPC 6 0  
DOPC 7 0  
DOPC 80  
DOPC B O  
DOPC 100  
COPC 1 1 0  
DOPC 120  
DOPC 1 3 0  
m P c  1 4 0  
DOPC 150 
noPC 1 6 0  
WPC 170 
DOPC f 8 0  
DOPC 1 9 0  
DOPC 200  
DOPC 2 1 0  
DOPC 220 
DOPC 2 3 0  
DOPC 240 
DOPC 2 5 0  
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C BECOBDS, OTHERUISE BAXIBUPI 2 E Q U I B E D )  , YOBDS DOPC 500 
C IL R LEBGTH OF THE DATA PILE, f l O B D S  DOPC 5 1 0  
C I P S O K (  1) BOD& OF DATA actEss DOPC 5 2 0  
C U- SEQUEWTIBL DOPC 530 

DOPC 5 Y O  C 1- S E Q U E N T I A L ,  RECORD LENGTHS STOREC 
C 2- BANDOH ACCESS EP RECORD, F I X E D  L E N G T H  RECORDS W P C  550 
C 3- i iAt iOOU ACCESS EY BECORD, FIXED LENGTB RECORDS DOPC 560 
c BAlROPI  WRITE 8EQUIRED WilICH H A Y  REQUIRE PBEYBITEDOPC 570 
C IPSQK $2) E E F M t E I C E  TZCHBIQIJE OF DATA TBAFJSPER CDPC 580 
C 0- klAHUPACTCIRERS FOBT3111 W P C  590 
C XPSOK ( 1 )  O P T I O N  8 = OPTION 0, 3 = 2 {IBPI)  DOPC 595 
C 1- LOCAL ADhPTATION QP THE S Y S T E B  REUTItiES w)PC 6 0 0  
C 2- DEFAULT T H E  P r L z  TO EXTEWDED CORE DOPC 610  
C IPSOK (31 DEBUG MESSAGE: EDXT LEVEL, E D I T S  DONE IF .GT. 0 DOPC 6 2 0  
C IPSOK f 4 R&X'Uiii'J EBROB FLAG, TASK CORPLETED ONLY I F  0 DOPC 5 3 0  
c X P S C K f 5 )  RELAPXIYE PosrrroN IN E X T E ~ D E D  CORE D A W  CONTAINER DOPC 6 4 0  
C AaPII Y WHERE T€iE FILE STARTS i(IPSOK[2) = 2 ONLY) DOPC 6 5 0  
C I P S Q K  (6) PESEXYBD FOR S P E I B L  OPTIONS I N  LOCAL TRANSFER SCHEBECOPC 660 
c .LTp,O IS USED FOR TRACK Q V E R P L O U  01 THE D I S C  DOPC 665  
C IPSCIC ( 3 )  HAXTYIUM BLOCK SIZE OF L W $ L  TPARSFER SCHEME DOPC 670 
C IPSOK (8- 10) BESERVED I)c)PC 6 8 0  
C PBIpi A R Y  I NPIIT/O CITPIJT CC l T R D L  PARAHETERS DOPC 690 

DOPC 700 C 
C (NAMES EiSED HEaE FOB UESCXIPTIOB O B L Y ,  H O T  PBQGRAR VABIABLES) w)PC 7 1 0  
C L fS THE LOGICAL U N I T  N U H E E R  DOPC 720 
C N IS THE EOCAIPfON OF THE CONTROL DATA I N  THE K K  A R E A Y  (IF NfEDED)DOPC 7 3 0  
C J IS TBE PILE LOCATION IIPHIH THE EXTENDED CORE DATA ARRAY X DOPC 740 
C NP IS THE EUBBER 3~ PBrsxcnL RECORDS PER LOGICAL R E C O R D  DOPC 750  
C PIB IS THE NEXT P O S I T I O N  IN THE FILE BY BECORD C O U N T  DOPC 7 6 0  
C NW IS THE NEXT POSIEIObf  IN THE P I L E  BY YORD COUNT DOPC 7 7 0  
C n IS THE n u m w  XECORD COURT NRXTTEN DOPC 7 8 0  
C IP IS A FLAG I ~ U P C A T I H G  P o s r T x o R  FOE HULTIPLE PHYSICAL BECOEDS DOPC 790 

- I ---- --- - -- - - - - - -- 1- ---e- -- - -- - 

c UI rs THE LEWGTB OP F&E FEEVIOIIS BECORD WRITTEN DOPC a o o  
C HL IS 1820 WITHOUT TRACK O I B ~ ~ P ~ O Y ,  8188 WITH IT i z 3 w  DISC) DQPC a05 
C W P C  810 
C I P S C K  DOPC 8 2 0  
C 11) ( 2 )  IHODD(L]  BEDUH{L) K K r l J f  K i ( . ( l + l )  KY;(W+21  K K ( I ? + 3 )  K K ( E I * U )  BORE DOPC 8 3 0  

DOPC 8 4 0  c ------- -------- ------..- ----- --e-- 1e-1 ------ 1--1-- ---- 
c 0,1 0 0 fiii # O & B  DOPC 850 
C 2.3 0 1 I P  NOHE DOPC 8 6 0  
C 1 tl HE 2 XP PI E1R IPSOKjl) Ifs DOPC 6 7 0  

C l  2 N IH 4 N R  3 UB IL YES DOPC 890  
c 2 ,3  2 B L3 3 NE? 3 w3 I DOPC 900 
C SIPOBA6E REQUIREMENTS DOPC 910 
C K K  CDYTBOL A R B B Y  X DBPA COITBTHEB OOPC 920 

w)PC 930 & 
C 0 - ... DOPC 940 
C 0,2,3 1 50 + 5* t / L B - I ) / N L )  - DOPC 9 5 0  
c 1  1 50 + 5 * 4 ( L B - l ) J I I L )  + WB - DOPC 960 
c 0,2,3 2 5 ILB OOPC 9 1 0  

5 + HE I L R  DDPC 980 c 1  2 
C DOPC 990 

c o  2 N WY 5 IR J n8 IL DOPC a m  

-- --...--- - ----- - ---- ----I-...- 

(CONT) 

..- 



c 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 

SEPYXCE B Q U T I N E S  USEE AND ENTflY POIETS -......---- -------- --- --- ----- --I--- 
DOPC HANDLE PILE OPEBBXBfRG, ETC 

B I T E  DATA TBANJSIE"EI3 

CRIIT CORE, E X T E N C E D  CORE DATA T R B I S F E R  

SEEK FIBNAGE IWTERPACE DATB F I L E S  
FBS AB LOCAL DATA TRANSFER SCBEWE U S I N G  SPSTER ROUTINES 

BOXY 

AEPD BOXX 

CB ED 

PREY PDISP  P R E A D  P Y R I T E  F P N T S P  FORSPC FBKSPC PPEilgl FCHLCK 
(PLilNS ARE TO S P L I T  UP THIS LBRGE ROUTZNEj 

DEFILE I B i p  PQBTBAM DIRECT ACCESS F I L E  O P E N I N G  
CLOSDB CLOSE P0BTRA.N DIRECT ACCESS F I L E S  

CRXTE DATA TRAYSBEB E O U T I N E ,  ORAL V E B S f O N  
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 

DBPC1 000 
DaPC 0 0 0 5  
DOPCfOlO 
DOPC 0 82 0 
DBPC0030 
DOPC 10 4 0 
D O P C l O S O  
DOPC 'i 0 6 0 
DOPC 1070  
D O P C 9 0 8 0  
aOBC1090 
DOPC 10 9 5 
D O P C t  100 
DoPC1 110 
DOPC 1 1 2 0 

R I T E  2 0  
R I T E  30 
R I T E  4 0  
R I T E  50 
R I T E  6 0  
RITE 7 0  
RITE $0 
R I T E  90  
R I T E  1 0 0  
RZTE 1 1 0  

THIS RCIITIEIE PACKAGES THE PROCEDURES FOR TRANSPE3 C F  DFTW BETUEEEI: R I T E  920 

R I T E  1 4 0  
OW SOPIE COHPUTEBb, IT MILL B E  NECESSARY T O  COPIPNPiICATE THE R I T E  1 5 0  

STlLRTING ADDRESSt3:S O F  B B R A Y S  IEK &WD X I W  S O R E  OTHER BANNER R I T E  960 
R I T E  1 7 0  

E U N  L O G I C A L  UMLT NUHBEP OF THE PILE R I T E  1 8 0  
IREC R E C O R O  N U H B E d  T O  E E  ADDRESSED RITE '190 
A R R A Y  REPERPNCE A R X A Y  I N  CORE TO PROVIDE L O C A T I C N  FOB TRANSFER RITE 200 
N U D S  LENGTH OF THE A R R A Y  THE B E  TBANSPEHHED R I T E  2 1 0  

I F  0. P E 9 I N D  CNLY R I T E  2 2 0  

mnE USEU pan A S Y N C H R C N O U S  OPERATIONS R I T E  2 4 Q  
0 -  ti0 R I T E  2 5 0  
1- TIIABSPEB OPERATXCN R I T E  2 6 0  
2- C t l Z Z K  PREVIOUS TRANSFER C O H P L E T I O H ,  F E Q U X B E D  AS A RITE 2 7 0  

S V E C I ~ I L  O R  E X T R A  C A L L  PRIOR TO USE O F  *rm D A T A ,  R I T E  2 8 0  
EXCCPI! Y H E N  PROTECTION IS PROVIDED B Y  A SUBSEQUENT R I T E  2 9 0  
CALL P O H  ADDITIONAL DATA TRANSFER PRICE TO U S E  R I T E  3 0 0  

P O  -z 0 R I T E  3 1 0  
GO 'IO 1 0 1  RITE 320 

R I T E  330 
VARIABLE LENGTH D A r A  b L O C K S  COHMLfWICATEU BEHE (ON SOME OF THE R I T E  3 4 0  

SYSTFBS,  THIS YoHtr U O R K  - A F I X E D  CORPION BLOCK CAE D E  USED)  RTTE 3 5 0  
ENTRY B O X X  N , E X L , KIE ) R I T E  3 6 0  

MEMCRY A N D  DISK A N D  nEaoEr - P I E E Q R Y  I P S E U D O  E X T E N D E D   CORE^ RITE 1 3 0  

IY .LT ,  0 ,  END F I L E  A N D  REPEND ONLY RITE 2 3 0  

(CCHT) 
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LENGTH O r  THE E X T E N D E D  CORE D A T A  COHTAIIEK ABRAY X 
EXTgNDEL) CQBE DAY& CONTAINEB A R R A Y  
LBNGTII OF THE K K  CCINT3OL ARRAY 
COBITBOL A B W A Y  

LEYGTB O F  T H E  CONTROL AREBY 
SIZE OP THE E X T E N D E D  CORE DATA COBTAXIMEfi ARRAP 
Use DP T H E  S P A C E  FOR CONTROL DATA 
AnOUNT O F  THE EXTENDED CORE D A T A  ABRAP #SED 
LBPGESIP USE O F  THE EXTBblDED CORE D A T A  ARRAY 

CSEEK U T I L I T Y  R O U T L l E  FDY- E J i i N A G I B l G  I B l T E B P A C E  D&TA FX&ES 
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 

BITE 380 
R I T E  390 
R I T E  400 
R I T E  4 3 0  
8XTE 420 
R I T E  430 
R I T E  440 
XXTE as0 
RITE U60 

SEEK 10 
SEEK 20  
SEEK 30 
S E E K  4 0  
SEEK 56 
SEEK 50 
SEEK 70 
SEEK 0Q 
SEEK 90 
SEEK 300 
SEEK 910 
SEEK $20 

DATA PNAi4E/6klCONTkttf  6HGR UPXS,GHGEODST,6HWD XSRF,CHZ OATDW, 6HS EARCH, SEEK 3 3 0  * ? U 0 * 6 HISOTXS ,6HFLYSRCJ SEEK 1 5 0  
DATA C HA#GE:J6 MCiiAN GB / SEEK 160 
DATA B L A P W 6 H  1'. PU RGE/SHPURGE / ,CDNTPL/6RCOHTRL/ SEEK 1 7 0  

SEEK 1 8 0  
PILE PIANAGtiEEYT S U b k 0 U T I N E  FOB STAWUARD INTERFACE FILES S E E K  190  

SEEK 2 1 0  
BNAHE FILE X A M E  (EXCEPTICWS NOTED B E L O t i )  SEEK 220 
I VEBS PILE V E R S I O H  NIlHBEE {EXCEPTXQNS MOTED BELOW) SEEK 2 3 6  
WBEE LOGICAL U N I T  IUUUBEB OR ERROR RETURN CONDITSON SEEK 2 4 0  

(EXCEPTIOH S NOTED B E L O Y )  SEEK 250 

MaNOR { S )  P I L E  NAklE X N  CATALOG, I I S  LOGICAL U N I T  IUHBEB SEEK 2 7 0  
FIAHE CATALOG FILE PANES FOB r N L T I A L I Z A T I O N  SEEK 280  
WBEriS (I) FXLZ V G B S I O P  I N  CATALOG SEER 29C 
WEDUB t u  UATA FOB 1/0  TASK (RECORD P D S f T I O l N  F O B  SEQUENTIAL1 SEEK 3 0 0  
I l 4 0 C D  IT) TECHNIQUE OF DATA T3ANSFER I H D I C A T C R  (SEQUENTIAL,  0) SEEK 3 10 
IA v STOkkGE A L L O U E D  FOR DIB ECT ACCESS PARAMETERS SEEK 32C 
NDF NUEIBEB O F  F I L E S  I# CATiiLOG SEEK 330 
N I O  LAST LOGICaL UNIT N U R B E B  A S S l G N E D  SEEK 3 4 0  

IOUT USE& OUTPUT C B T A  LOGICAL U N I T  S E E K  3 6 0  
JOUT USER CONDEBiSED ( T E R U I N A L )  OUTPUT L O G I C A L  U N I T  SEEK 3'10 
XEBA QSED FUR ENTRY P R Q T E C T I O P  IN DOEC SEEK 3 8 0  

SEEK 3 9 0  
P P l l A k i Y  C O l P R O L  OPTIONS SEEK 4 0 0  

SEEK 410 
HNALE = iCIIANGE* INTERCHANGE FILE #ARES R # D  VERSION NUlIBEBS SEEK 4 2 0  

6 HRSTBTR,6H BTE'LU X, 6 HAT FLUX, 6 HRZ FLUX, 6HPU DINT, 6 HCXS P R R ,  68XSOTXS, SEEK 

ALLOYING ONLY ONE FILE TO A LOGICAL UNXT SEEK 200 

NOP O P l I O E l  H U N B E P  /EXCEPTTOMS NOTED BELOW) SEEK 260 

IWPT USEB UBTA INPUT LOGICAL U N I T  SEER 3 5 0  
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
c 
C 
c 
6: 
C 
C 
C 
C 
c 
C 
C 
c 
C 
C 
c 
c 
6. 
C 
c 
C 
C 
c 
c 
C 
c 
C 
c 
C 
c 
C 
C 
c 
C 
C 
c 
c 
6 
C 
c 
c 
C 

INPUT - H N A ~ E  , r Y E 6s. N REF. WOP SEEK 4 3 0  
I F  IVERS Eo 0, THE NAHES AND V E R S I O N  NUMBERS ASSOCIATED SEEK 4 4 0  

UITB C A T A L O G  P a s I T I o u s  N R E P  A N D  MOP W I L L  B E  SEEK 450 
I N f EbCH A BIG E C SEEK Y6Q 

IP I Y E E S  tiT 0 ,  THE N A R E S  AND VERSION WIJIPBE3S A S S O C X A T E D  SEEK 4 7 0  
L O G I C A L  U N I T  NUPIBERS MREP AND NOP O E L L  BE 
INTERCHARGED 

HBEP MILL BE RETURNED ZERO FOB ERROR CONDITION 

INPUT - H N A B  S r  ' I V E B S  . N O P  
I P  I V E R S  EO 0, BETIIRNS VERSIUM N U H B E X  A N D  LOGICAL 

IF I Y E R S  ED I ,  B E T I I 3 l S  LOGICAL U N I T  NUPlBEB FOR 

NROP LLlL BE; BETIJRNED ZERO FOB EBBOR C O M D I T I O I  
NOP = 2 CBEAlIE B NEU PILE VERSION P B I O R  TO V R I ' P X I G  

Nap = 0.1 L O C A T B  PILE PRIOR TO BEADING, Y X I T I N G  

O H X l  MtJlBER OF THE LATEST Y E 8 S X O N  

V E R S I O N  N 

YXLL I N I I T I & L X Z E  CCITRL IF 101 IN 'TABLE PQSITION 1 
I N P U T  - HMBF!.E,NOF 
BETUBHS HE% V E R S I C l  NDBBER BND LOGTCAL IlHIT N~~~~~ 

A ~ M O  ADDS N E W  C A T A  T O  cA%ALaG 
N R E F  m L u .  BE R E T U R N E D  Z E R O  FOR ERXOR CONDITION 

HOP = 3 CATALOG INIIIALIZBTIOH, PUTS DATA QI UNIT I C A T  

NOR = 4 P U B G I  NG O P T I C R  
I P  NREF . G T . O ,  I T  IS THE NUR3ER OF PILES fit08 THE L I S T  

I N P I I T  - M E A I E . I V E B S , I C P  
IF HFlBME EQ ' P U R G E  *. ALL P I L E  REPEREBGES WILL BE 

FP t l l A B &  N E  'PUXGE A N D  I I E R S  EQ 0, ALL VERSIONS 

IF tiffAElX NE 'PURGE * BID IVEBS EQ B, ONLY VEBSIOB W 

DELETiW EXCEPT FOB CONTHL 

OF T B Z  FILE WILL EE DELETED 

O P  TBIL PILE B I L L  BE DELETED 
HOP = 5 E X T B B C T  C O N T E P I S  OF CILTWLOG 

IIPWT - Z V E R S  I %REF,  RCtP 
I P  IVSRS EO 0. NREP PILL BE TREATED AS T H E  P O S l T Z O N  

IN THE C A T A L O G  AND THE A S S O C I A T E D  P I L E  HARE, 
VEKSXON N U B B E B ,  AND LOGTCAL U N I T  EIURBER 
H I L L  Bt 3 E T U R N E D  

U N I T  NUHBER AND T H E  ASSOCIATED P I L E  NAFIE, 
YERSXON NUHBER, &ID CATALOG P O S I T E O H  
I S L L  BE RETURNED 

I P  I V E R S  GT 0. NREK WILL BE TREATED AS THE L O G I C B L  

N8E9 BILL BB RETURNED ZERO FOR ERROR COPIDIT'IOB 
BOP = 6,7 BBl USED 
NOP = 8 BEAD COI'I'EH'JB OP CATALOG (SAYER IN LAST BODULB 

HOP = 9 &RITE CONTENTS OF CATALOG (PO8 ilSE BY NEXT 1400ULE 

BOP = 10 E D I T  C O N T E I T S  OF CATALOG 

BOP = 11 BBTURW U T L L I I Y  U N I T  l W B E R S  

EX Ea%! nu) 
TO BE E X X U T B D )  

IF NBEP-GT.0,  WRITES JOUT I R S T E A D  O F  I O U T  

S E E K  4 8 0  
S E E K  4 9 0  
SEEK 5 0 0  
SEEK 510 
SEEK 5 2 0  
SEER 510 
SEEK 540 
SEEK 550 
SEEK 5 6 0  
SEEK 570 
SEEK 580 
S E E K  590  
SEEK 6 0 0  
SEEK 6 1 0  
SEZK 6 2 0  
S E E K  630 
S E E R  6 4 0  
SEER 6 5 0  
SEEK 660  
SEEK 6 7 0  
SEEK 680 
SEEK 690  
SEEK 7 0 0  
S E E K  7 1 0  
S E E K  7 2 0  
SEEK 730 
SEEK 740 
SEEK 750  
SEEK 7 6 0  
SEEK 771) 

SEEK 790 

SEEK 810 
SEEK 820 
SEEK 830 
SEEK 840 
SEEK 8 5 0  
S E E R  860 
SEEK 870 
SEEK 880 
SEEK 890 
SEER 900 
SEEK 910 
SEEK 9 2 0  
SEEK 930 

SEEK 7 8 0  

SEEK aoo 
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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 
C 

C H A N G E  PI LU 1 

I 

- 0 

- N 

LU 2 

0 

0 

1 

I 

2 

3 
4 
4 
4 
5 

5 

6 
I 
8 
9 
10 
3 1  

PILE HAHE 
YEBSIOfi  IUIBER 
LAST V E R S I O N  lUi l i3EB 
NEii VEBSION BfUfiEER 

O= E 
LU 1 
0= E 
G i i  
O=E 
LU 
o= E 
LU 
O= E 
LU 
O=E 
ZU 
O= E 
IEI1-I - 
- -. 
tU 
O= E 
IT 
O= E 
LU - 
- 
- - 
IO UT 

IT2 SEEK 970 
LO2 SEEK 980 
L U 2  S E E K  990 
0 
0 
0 
0 
I 
1 
1 
1 
2 
2 
3 
4 
4 
a 
5 
5 
5 
5 
6 
a 

Y 
a 

SEEK 1000 
SEEK 1 I) 1 0 
S E E K  102 0 
SEEK1030 
S E E K 1  040 
SEEK 1 05 0 
SEEK 106 0 
S E E K 1 0 7 0  
S E E K 1 0 8 0  
S E E K  1090 
S E E K I  100 
SEEK3 110 
S E E K I T 2 0  
SEEK! 130  
S E E K 1  140 
S E E K  1150 
SEEKI 160 
S E E K 1 1 7 0  
S E E K  t 180 
SEER1 190 
SEEK? 2 0 0 
SEER 12 10 

30 SEEK1220 
J O W  SEEK1230 

SEEK 12 40 
SEEK 12  50 
SEEK 12 60 
S E E K  1270 
S E E K ? 2 8 0  
S E E K 1 2 9 0  
SEEK I300 
S E E K 1 3  10 
S E E K  13 20 
SEER 1330 
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S e c t i o n  2 0 4 :  F i l e  -.-.I Requirements 

I n  this d i s c u s s i o n ,  the d a t a  f i l e s  which must  b e  r e s - i d e n t  on a u x i l i a r y  
a s t o r a g e  d e v i c e s  are i d e n t i f i e d  as S tanda rd  I n t e r f a c e  f i l e s  o r  s c r a t c h  

f i . l e s .  It i s  assumed t h a ~  t h e  s c r a t c h  f i 1 . c : ~  are each a s s i g n e d  a l o g i c a l  

u n i t  number i n  the range  21-65, and u n i t s  1-9 are r e s e r v e d  fur special  

pu rposes .  Our normal 1ogic.al. d e v i c e s  are u n i t  5 i n p u t  and u n i t  4 o u t p u t .  

Un i t  4 i s  used t o  c0ntni.n 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  e x p o r t  ( B C D ,  

t a p e ) .  Assignments may b e  s imply changed a t  t h e  f r o n t  end of the code. 

_. Standa rd  I n t e r f a c e  D a t a  - P i l e s  Used 

GRUPXS - Group o r d e r e d  m i c r o s c o p i c  c r o s s  s e c t i o n s  
GCODST - Geometry d e s c r i p t i o n  
NDXSRF - Nucl ide  t o  c r o s s  s e c t i o n  r e f e r f n c i n g  d a t a  
ZNATDN -- Zone n u c l i d e  a tomic  d e n s i t i e s  
SEARCH - Search  d a t a  ( r e q u i r e d  on ly  f u r  s e a r c h )  
FIXSRC -- Fixed s o u r c e  ( r e q u i r e d  f o r  a f i x e d  s o u r c e  problem o n l y )  
K'I'FLUX - T o t a l  n e u t r o n  f l u x  ( i f  s u p p l i e d )  
ATFLUX - 'Iota1 a d j o i n t  n e u t r o n  f l u x  ( i f  s u p l l l i e d )  

S t a n d a r d  I n t e r f a c e  Data F i l e s  Generated by Op t ion  _I 

RTFLUX - T o t a l  n e u t r o n  flux 
ATFLUX - Tota l  a d j o i n t  f l u x  
RZFLUX -- Zone ave rage  t o t a l .  n e u t r o n  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 d imens  i o n  s e 2 L K C . h  

NDXSKF - Nucl ide  t o  c r o s s  s e c t i o n  r e f e r e n c l - n g  d a t a  upon dimension senrc-h 
ZNATDN -- Zone n u c l i d e  atomic d e n s i t i - e s  upon c o n c e n t r a t i o n  s e a r c h  
FIXSRC - S p e c i a l  f i x e d  s o u r c e  r e s u l t  

_._.---.I. I_-- 

S c r a t c h  Data F i l e s  by Unit  Number 
-.-II ____l_l_ 

21 pfacroscopic s c a t t e r i n g  c r o s s  s e c t i o n s  
P r i n c i p a l  macroscopic  c r o s s  s e c t i o n s  2 2  

23  ( D i r e c t  a c c e s s )  Equat ion  c o u p l i n g  c o n s t a n t s  i n  space  
2 4  ( D i r e c t  a c c e s s )  'Total n e u t r o n  f lux  
2 7  ( D i r e c t  a c c e s s )  F l u x  copy 
28 ( D i r e c t  a c c e s s )  F lux  copy 

I> 

Cl 
Vers ion  111: S p e c i f i c a t i o n s ,  LASL r e p o r t ,  LA-5486-MS r e v i s e d .  

Unless noted o t h e r w i s e ,  f i l es  are accessed s e q u e n t i a l l y ;  by direct access 
is meant w r i t e  and read of d i s c  f i l e s  at: random by r e c o r d .  

b 
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23 ( D i r e c t  
40 ( D i r e c t  
4 1  
42 
43 
44 
45 
46 
47 
48 
49 
5 0 ,  5 1 ,  52  
53 

a c c e s s )  V * J  t imes  volume ( c u r r e n t  iil t h e  P i  s e n s e )  
a c c e s s )  Equat ion c o n s t a n t s  

Fixed s o u r c e  
F i s s i o n  s o u r c e  
T o t a l  s o u r c e  
Neutron b a l a n c e  d a t a  
Misce l l aneous  
Mis c e l l a n e  ous 
Search d a t a  , mist. 
Misce l l aneous  
P o i n t  volume d a t a  
Cross s e c t i o n  d a t a  
Mesh d a t a  

U 

C e r t a i n  f i l e s  c o n t a i n  a l a r g e  f r a c t i o n  of t h e  d a t a  t o  b e  s t o r e d .  

N o t e  t h a t  t h e  p roduc t  of t h e  r eco rd  l e n g t h  and number of r e c o r d s  i s  t h e  

t o t a l  amount of  da t a  t o  b e  s t o r e d  i n  a f i l e .  

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

I = number of rows i n  a p l a n e  

L 7 number of p1anc.s 

K = number of groups 

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

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

t h re e- d i m e  n s i on a 1 c a s  e s 

H = 1 f o r  hexagona l ,  0 o t h e r w i s e  

M T number of zones (m r e f e r s  t o  zone )  

A r e c o r d  on u n i t s  2 3  and 40 c o n t a i n  t h e  f o l l o w i n g  d a t a  f o r  a row o r  

a p l a n e  of poi-nts  : t o t a l  1.0s~ t e r m s  incl-uding l e a k a g e ,  r e g i o n s ,  e lement  

vol.umes, l e f t  l eakage  c o n s t a n t s ,  t op  and bottom l e a k a g e  c o n s t a n t s ,  fronir 

and back l e a k a g e  c o n s t a n t s ,  e x t r a  l e a k a g e  c o n s t a n t s  f o r  hexagonal. geometry 

d a t a  t e r m i n a t e d  as a p p r o p r i a t e  f o r  few-dimension problems. 

The pr imary c r o s s  s e c t i o n s  a r e  c a r r i e d  on u n i t s  2 1  and 22 as .Eol.lows, 

.jrherc M r e f e r s  t o  t h e  number of zones and K t o  t h e  number of g r o u p s ,  N 

t o  the number of b l a c k  a b s o r b e r  zones ,  and I t h e  niimber of dimensions,  

U By m i s c e l l a n e o u s  i s  meant t h a t  t h e s e  f i l e s  a re  g e n e r a l l y  used t o  s t o r e  
d i f f e r e n t  i n f o r m a t i o n  a t  d i f f e r e n t  s tages  o f  a c a l c u l a t i o n ,  b u t  t h e  
r e q u i r e d  s t o r a g e  space  i s  u s u a l l y  n o t  l a r g e  r e l a t i v e  t o  t h o s e  Eor 
which r equ i r emen t s  are g i v e n  i n  d e t a i l .  



Uni t s  Record Length (Words) 

~~ ~~ 

Number 
of  Records Notes  

23 [ 3  + W(l+ZH)](J+l) + R J  

2 4 , 2 7 , 2 8 , 2 9  W J I  

40 (R+W)JI + (2+H)JI + (14-H) (3-l-L) + I! 
40 (3+td+H)JIL f (l+H)(J+I)L + JI + HL 

40 { [ 3  + W(l+ZH)](J+l) + R J )  I 

41 WJ I 

42  WJI 

4 3  WJ I 

44 lJMK 

45 WJI 

4 6" WJ I 

47 WMK 

4% WMR 

49 w J 

50-5 3 Var iab le  b u t  small  

ILK Needed only  f o r  t h e  "row-stored" 
model (see  S e c t i o n  103), and/or 
f o r  p e r t u r b a t i o n  c a l c u l a t i o n s .  

LK 

LK 

K 

LK 

L 

L 

1 
K 

I L  

V a r i a b l e  

For "p lane-s tored"  mode only .  

For  "mesh-stored" mode only.  

For t h e  " m u l t i l e v e l  data t r a n s f e r  
mode o n l y .  

a For t h e  c a s e  when t h e  i n i t i a l  f l u x e s  are read  f rom t h e  s t a n d a r d  i n t e r f a c e  RTFLUX, number of  r eco rds  i s  LK. 
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Record Number 
Uni t  T,ength of Rec.ords 

2 1  M[N(k) 1 K 

N 

PI  

I< 

K 

K 

MK 

MK 1 t o  4 

2 J+2 I 1 
+2L+3 

7K 1 

Conten t s  

I n s c a t t e r i n g  s o ( k '  + k,m); f o r  the: P1 
c a l c u l a t i . o n ,  &e d a t a  f o r  each k f o l l o w s  

c r e a s i n g  t h e  number of r e c o r d s  t o  2K, 
D(k,m)Ci(k'  -+ k,m) 

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  X(ni,k) 

S ink  t e r m  Ca(ni,k) -t- DIBf(m,k) 

Buck l ing  loss D,-Bf(m,k) 

P r o d u c t i o n  u x  (m,k) 

Sea rch  p r o d u c t i o n  u S p ( m , k )  

S ear ch ab s o r p  t i o n  Cq (m, k )  

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

R e c i p r o c a l  ve loc i - ty  Z(m,k) 

I n s c a t t e r  range, l o c a t i o n  of in-group 
t e r m  N(k) , N J ( k )  

3 l a c k  a b s o r b e r  zone l i s t ,  i f  N > 0 

Zone volumes V(m) 

??urnher of i n n e r  i ~ t e r a t i . o r i s ,  i f  1. > 1 

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

O v e r r e l a x a t i o n  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  ( o n l y  with P i  
t re a tnie  n t ) 

D i f f u s i o n  c o e f f i c i e n t s  by zone, as we1.1. 
as the c o o r d i n a t e - d i r e c t i o n  dependent  
v a l u e s  when a v a i l a b l e  from GRUPXS 
except wiLh P 1  treatment: 

D i s t a n c e s  to f l u x  p o i n t s  and fine mesh 
i n t e r v a l  i n t e r f a c e s .  

E x t e r n a l  and i n t e r n a l  boundary c o n d i t i o n  
c o n s t a n t s .  

t h e  Cs 0 d a t a  i n  a s e p a r a t e  r e c o r d ,  i ~ n -  

f 

2 lK 1 Za(m,k) f i s s i l e  

MK 1 Ec(m,k) f e r t i l e  

It should be no ted  t h a t  mic roscop ic  c r o s s  sections are u s e d  i n  a 

group-ordrxed form. A processo t  rode  b l o c k  i s  r e q u i r c d  t o  r e c a s t  t he  

d a t a  i n t o  t h i s  form from a r e f e r e n c e  broad-energy-group l i b r a r y  i n  t h e  

uuc l ide -o rde red  format def i ned  by t h e  s p e c i f i c a t i o n  f o r  f i l e  ISOTXS . 
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Code-Dependent Data F i l e s  

F i g u r e  204-1 shows the  c o n t e n t  o f  s p e c i a l  i n t e r f a c e  f i l e s  CONTRL, 

PERTUB, RSTRTR, and FISSOR. A l s o  shown are the c o n t e n t s  of the BCD file 

on u n i t  4 used t o  t r a n s f e r  d a t a  t o  o t h e r  i n s t a l l a t i o n s .  

CON'CKL i s  a f i l e  c o n t a i n i n g  a l l  t h e  n e c e s s a r y  c o n t r o l  i n fo rma t ion  

needed by VENTURE f o r  a c a l c u l a t i o n  ( s e e  S e c t i o n  4 0 3 ) .  

PERTUB i s  g e n e r a t e d  by o p t i o n  by t h e  code and c o n t a i n s  t h e  b a s i c  

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

RSTRTR i s  a res tar t  f i l e  which i s  w r i t t e n  by o p t i o n  and may b e  

s u p p l i e d  t o  t h e  code t o  continue a previous calculation. 

FISSOR i s  a f i s s i o n  source i n t e r f a c e  f i l e  w r i t t e n  on o p t i o n .  

... 
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( C O N T )  
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CP, 
C 
CN 
C 
CL 
C 
Ck! 
C 
cn 
C C  
CD 
c c  
CC 
C D  
CC 
CD 
C C  
CD 
CD 
CI: 
CD 
CC 
CD 
C C  
cc 
CD 
CC 
CD 
CC 
CD 
CC 
CC 
CD 
C C  
CD 
C C  
CD 
ca 
CD 
c c  
CC 
CD 
cc 
CD 
C C  
CD 
CC 
CD 
CD 
CC 
CD 
CD 
CC 

CECSS CEC’IIC h E F C C E S S C R  I N S T E U C T I O N S  

THIS D A l A  R S C U I R E D  E Y  THE CROSS S E C T I C N  P R O C E S S O R  

X C F I N S ,  I X X  (I) , 1 = 1 , 1 0 0 ) ,  ; 1 x  ;I) , I= l ,  1 C O )  

101*.3ux‘1 + i c o  
X C P I N S  C R C S S  S E C T I O N  P E O C E S S O R  f A T A  IDENTIFIER ( 6 N X C P I N S )  
x x  ( l - l C O i  RESERVED 

RESEl iVEC 
OPTION C a  IN€UT C R C S S  SECTION P I L E  PROCESSING 

0 - 10 E B O C E S S I N G  E E C U I R E D  
1 - G E N E R A T E  NEW N U C L I D E - O R D E R E D  FILE FROR 

T H E  F I L E  05 P I l E S  H A B I K G  FCRMAl I X [ 5 1 )  
( R E Q U I R E S  I N T E R P A C E  F I L E  CXSPRR FOR 
k D C I T l O N B L  I N F C R ? I A T I O N )  

O P T I O N  TO G E N E R A T E  A G R C O P - O $ D E R E D  P I L E  F R O R  
A T U C L X D E - O S C E E E X  FlIE 
C - NO 
1 - YES 
0 - F U C L I C Z - O B K E S E C  EILE: 
1 - C I T A T I O L  CfrCSS S E C T I O N  SETS 
2 - PIERCE TTO N D C L I E E - C R D Z B E D  F I X E S  

FOR I X ( 4 )  EQ 1 

1 - R E D E F I N E  (N,GAWLA) CRCSS S E C T I C N  TO E E  

F O R K A T  O F  I N D U T  CROS5 S E C T I O N S  FCE 1 x 1 3 )  %Q 1 

O P T I O N  cm PBINCIPAI. C R C S S  SECTION D A T A  

o - R E T A I N  A L L  caTA 

THE C l P T U P E  C E C S S  S E C T I O N  = (N,GAHflA) 4 
i N , A L E A A )  f IK,!?) 4 :N,C) t [N,T) - tM.21) 

O P T I O N  ON S C A T T E R I N G  DATA FOR T.XfY)  EQ 1 
o - E E T a I i  P L X  C A T A  
1 - RETAIN ICTAL S C A T T E R I N G  BNIY 

OPTICEJ O H  S C A T T E R I K G  C6CER F O R  r X ( 4 )  EQ 1 
0 - R E T A I N  A L L  D A T A  
N - E E T R I N  CBCERS U Z  TO (H-1) ONLY 

O P T I O N  O N  S C A T T E R I N G  RECORD BLOCKING PACTOR 
FOR I X ( Y )  EC 1 
0 - XSBLCK = 1 
N - N S B L C R  = N, IF ( I I S O / N ) * N  EQ mxsc, 

C T H E R Y I S E  l i S E l C K  = N I S O  
WRERE N I S O  IS THE NUPIBE8 OF N U C L I D E S  

O E T I C N  TC C O f f F U I E  98I T C T A L  S C A T T E R I N G  H A T R I P (  
F R O H  T E ~ E  C a m O B E B T s  FOR I X ; Y )  EQ I 
TOTAI = ELASTIC 4 IBELASTIC 4 8 2 8  
[‘‘IBIS RUST BE DOBE I F  THE G R U P X S  P I L E  TS TO BE 
OSEE BY YEPITIIRE A I C  THERE I S  NO TOTAL 
SCATTTERIEG DATA P C E S E N T )  

0 - NO 
1 - YES 

SPECXFIEC B Y  I X ( 3 )  AND I X ( 5 ) .  IF A N Y  
O P T I O N  TO CREATE I S O T O P E  RIKTOBES A F T E R  €RCCBSSIIG 

(COBlx) 
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CR 
C 
CN 
C 
@I' 
C 
C D  
CC 
C D  
CD 
CI: 

- CD 
C 
CN 
C 
CD 
CC 
CD 
CO 
C D  
cc 
CD 
CC 
CD 
CI: 
CD 
CC 
CD 
CD 
CII 
c c  
CD 
C D  
C 
C D  

T H I S  D A l A  R l s C U I R E D  E Y  THE V E N T U R E  COtE BLOCK 

D T N I N S ,  ( X X ~ I )  ,1=7,100), (IX(I) #x=1, i c a )  
N B U l B O N I C S  E O N T R C L  I C E N T I F I E E ,  A (6) 
R E F E R E N C E  REAL T I N E ,  D A Y S  
H A C H I B E  T I B E  A f L C W E I :  FOZ S O L U T I O & ,  MIN 

( I T E R A I I O I J  T E R F I N B T E D  I F  TIRE EXCEEDED) 
C Y C L E  T I M E  IN XIIUlES TO W E f T E  RESTAGT D A T A  

ICT DCIE XP 0 ,  ALWAYS DOWE AT END IF NOH-ZERO 

NOTE €HAT Y A R X A E L Z S  10T D E E I I E I :  A9E RESERVED FOR LATER USE 

P O P E F  t E V E t  O F  AEACTCB, WATTS T H E R H A L  
E N E R G Y  C C N V E R S I C B  P B C T O R ,  FISSION ?a T H E R B B L  
PEACZION OF B E A C T C E  T l E h T E C  
S P E C I F f E C  PI O L T I P I I C A T L O N  FACTCR POE S E A R C H  IF 

S P E C I F I E D  O V E R R E I A X A T I O N  C C E P P I C I E H T  XIP N O H - Z E R O  
ES'ITBATE OF T H E  E I G E N V A L U E  FOR C H E E Y C A E V  

ES ' I1 I " ITE  CF T H E  Z O B E E  LIBIT OF THE SPECTRUPl OF 

I C  N-2 E R C 

A C C E L E B A T I O N  O N  CCTZR I T E R A T I O N S  

E I G E N V A L U E S  FOF C H E B Y C H E V  B C C E I E R B T I O W  
C C E V E R G E N C E  C F ~ I T E R I A  ON I N T E G R A L  QUANTITIES 

EAXIBZTY EELAT'IBE CHANGE O N  C U T E R  I ' l E B A T I O N  
C O N V E R G E h C R  C E I T E F i I l !  ON LOCAL OR POIHT P A R I h B L E S  

M A X I ? I U I I  R E L A T I V E  F O I S T  P L O X  C H I I N G E  ON O U T E R  
I IER ATIO N : .) 0000 5) 

C O N S T A N T  B U C K L I N G  U a I U E  UBICH C V E R E K L E S  T H E  CAT8 
Ifti G'ECCSI  FIZZ' IF N O H - Z B R C  

- X X  llO0) E E S E E Y E O  
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. . .~ .... 

CD xx (20) CONSTRAINT OB OUTER I T E R A T I O t l S  (BAX ALLOYED) 
CD IX ;21) I N  B E 3  I T  ERA TKO N OPT ION 
CD 0- USE ALUTO!'iATED PROCEDDRE(RX0MEMDED) 
CD El- REFERENCE NUnFIEB OF IMIERS f H 
CD SET BY THE CODE I f  HOT S P E C I F I E D  
CD TX 122) NEGATIVE FLUX O P T I O N  { N O R E A L L Y  0) 
CD 0- NOT ALLOWED NOR ACCEPTABLE I N  SOLUTION 
CD 1- BLLOWED A I D  ACCEPTABLE SOLUTION 
CD f X  (23) O V E B R E L A X A T I O N  OPTIONS :ON I N B E R  I T E R A T I O N S )  

CD 1- NO C 3 E B f S B E V  - BAKE MUHBEP OF INNERS A 
CD I I U L T I P L E  OP THE NUNBER O F  PLAIJE;OR ROYS) 
CD S TOR ED 
CD 2- FIX T H E  NUXEEB OP INNER I T E R A T I O N S  
CD {SAHE AT RRCM GBOBP) 
CD 3- F I X  BfUHBEEl OF L I N E R S ,  NO CHEBYSHEV 
CD 4- F I X  IUMBER OF IIIPNERS, USE ONE COEFFICIENT 
CD 5- FIX NUMBER OF I N B E R S ,  USE ONE C O E F F I C I E N T ,  
CD NO C H E B Y S H E V  
CD xx:2q IF4NERITERBTIOI SUEEP ORDER 
CD 0- NORMAL 
CD 1- S I G H & - 1  ;AWAILABLE IN CERTAIN DATA 
CD H A N D L I M G  MODES O N L Y )  
CD IX (25 )  QUTE R ITERB TXO W CH E BPCAE V ACCELERATION OPTIONS 
CD 0- USE AUTOMATED PBOCEDURF 
CD 1- APPLY ONLY AFTER THE FIRST EXTRAPOLaTIQFl 
CD 2- APPLY COHTIIUOUSLY PROM TEE STABT 
CD 3- DONT APPLY THE PROCESS 
CD I X  ;26) ASYMPTOTIC OUTBBXTEBITION EXTRAPOLATION DPTIDWS 

CD 0- USE AUTOHATED PBOCEDURE 
CD 1- S X N G D  EBBOR ?!ODE USIbTC DATA FOB ALTERNATE 
CD XTERATI 014s 
CD 2- NOT ALLOWED 
CD 3- WE ARE TRYING TO FIGURE OUT UBAT THIS DOES 
CD I X  (27) FORCED DELAY IN ASYMPTOTIC EXTRAPOLATLON 
CD N- NOT ALLOYED FOR THIS FIANY OUTER ITEIIATTONS 

CD EXECUTED EA RLIBR) 
c 
CB EDITS G E H E R A L L K  ARE BOT DONI? WHEW PLIG IS ZERO 
C 
CIf IX (28) O P T I O I  POR CONDENSED E D I T  [TERMINAL) I F  .GT. 1 
CD I X  129) O P T X O N  T O  BDIF T H E  P R I N C I P A L  RACROSCOPIC 
CD CROSS S E C T I O N S  BY Z D l E  
CD I X ( 3 0 )  OPTIOR TO EDIT TBE MACROSCOPIC SCATTEBING 
CD CROSS SECTIONS BY ZONE 
CD 1x131) O P T I O N S  ON ITERATION D I T A  EDITS 
CD -1- NO EDITS DIIBING I T E R A T I O N  
CD 0, OR 1- PRIUABY OUTER I T E B A T I O I  D W A  OBLY 
CD 2- G E T 5  D E T A I L S  EDITED FOB TBSTIIG 
CD 3- REQUESTS EXTENDED EDIT ?OR DEBU6GIHG 
CD TX (32) OPTXON TO EDXT OVERALL aTEOTRObl BALANCE BY GROUP 
CD IX [33 )  OPTIOI TO E D I T  NBUTBOI EALAMCE BY ZONE 

CD a- USE AUTOMATED PROCEDURE 

CD -1  SINGLE ERROB n o m  O N L Y  

CD (IF NBGIITIVE, A FORCED PBOCEDURE nAp BE 

{GORT) 
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cc IX (?5) 
CD I X  j 3 9 )  
cc TX (38)  
C D  IX 139) 
CI: IX ( 4 0 )  
CD 

CD I X  ( 4 2 )  
CD 1 X  141)) 
C E  
CD 
c 1: 

cc 
C D  
CC 
C D  
cc  
CD 
CC 
CD 
ca  
C D  
CC 
C D  
CC 
CD 
CC 
CD 
CD I X  (U6) 
C D  
cc I X  [47) 
CD 
cc I f  i S l )  
CC 
C D  
cc 
CD 
C 
CN O F T 1 0  
C 
CD TI( 152) 

CD 1 x 1 5 4 )  

CD 

CD 

C D  
CI; 
CD 1x460)  
CC 
CD 

CC I X  I 4 1 )  

C D  I X  (45) 

CI: 1x ( 5 3 )  

C D  I X  ( 5 5 )  

cc IX (58) 

C D  IX ( 5 9 )  

O P T I C N  TO E C I T  SChLAFi NEUTBON F L U X  BY P O I N T  
C F ' I I C N  T C  E E I T  Z C N I - A V E R A G E  SCALAR FLUX 
C P T I C N  T C  E C I Z  F C W E E  D E N S I T Y  R A P  BY I N T E B V A L  
C P T I C N  T C  E t X T  ECWEE D E N S I T Y  T R A V E R S E S  T H a U  PEAK 
O P T I C N  T O  E C I T  NEU'IECW D E H S I T Y  M R E  : l / V  F L U X  

G P T I C N  'IO ECIT NEDTECN D E N S I T Y  T B A V E S S E S  
O P l I C N  TC ECfT SCAIAR A D J C I N T  F L U X  

ci E I G  HT I N  G )  

C E T I C N  T C  EIIT A T O F I C  D x N s r T I E s  w n m  SEARCHING 
C- NC EDIT 
1- I44hPf lUM EDIT 1T ENC 
2- E A X I H E %  E D I T  C F Z I N F  C A L C U E A T I C b  

E E S T C I R E A I I O N  OETIONS - I F  N E G A T I V E ,  F I L E S  i7 ' lFEUX 
ANI) ATPLUIX A R I  S X P P L I E D  AND NO PJEUTRCWICS 
CALCUEATICN I S  CCNE - O T H E R R I S E  T E E  R E G U L A R  
AND/OR A C J O I N T  SCIUTECN I S  C B T A I N E C  AS 
S F E C X F I E C  AEGYE AND E I T H E R  F L U X  FILE NOT 
G E I E H A ' I E C  E t S ' l  E E  S D P E L I E D  

0- N O  F E R T U R E A ' I I C C  C A L C U L A T I O N  
1- C A L C O L A T E  ABD E D I T  B A S I C  R i ? G I l L A 6 * A ~ J O I R T  

F L U X  X N T E G R P . L S  EXCEET T R A N S P O R T  
2- ALSO C A L C U L A T E  AND E D I T  T R A I S P O E T  I N T E G R A L S  

' ,RE( ;UPREC PCR C C M P L E T E  P E R T U R B A T I O N  EFFECT) 
3- ALSC E D I T  E A C R C S C O P I C  A B S C R E T I C i i  C R O S S  

S E C T I O N  S E A C E  E C I R T  IFIPORTANCE MAP 
4- A L S C  EDIT H A C R C 3 C O P I C  P R C D U C T I U B  CRCSS 

S E C T 1 0  h S E A C E  ECTCNT I M P O R T A N C E  B A P  
PLUS AES-FSCD EAP 

5- A L S C  ECIT 1/V S F A C E  P O I N T  I E P O R T A N C E  H A P  
E D I T  R E S U L T S  P G R  A 100 P E R C E P T  CHANGE IN EIAC6O 

ALSO ED13 S E N S I T I V I T Y  RESULTS F G B  T H E  CHANGE,  

CFTTCW fC W R I T E  T H E  E O I N ' I  SCALAR FLUX FILE 

CROSS S E C T I C N S ,  C N L P  I F  I X  (45) , H E , O  

I X ( 4 5 )  A N f  I X ( 4 6 )  .NE.O 

e- wc 
1- EEURITE ?!BE LATEST V E R S I O N  OF AN OLD FILE 

2- WEITE NEW F I X E  
( I F  TREFtE I 5  NONE,  W R I T E  A NEB O N E )  

NS ABOVE A R E  TYPICAL FCR E A C B  P I L E  COVERED B U O Y  

O E Z I C N  TC W R I T E  T f i E  POINT F I S S I O N  S O E R C E  P I L E  
O P T I O N  TO U R L T E  ZONE-AVERAGE SCALAR F L U X  P I L E  
C E S I C N  T C  W E I T E  F O R I R  DENSITY P I L E  
O P T I O N  T O  W R I T E  A NEC FIXED SOURCE P I L E  
C A Z C U L A T E D  ERCI!  C O N V E R S I O N  R A T I O  DATA 
O P ' f I O l  TO WRITE CCAXAB A D J C I B T  PZUX FILE 

A E f L I C A E L I  ONLY 7F A N  A D J O I N T  P R O B L E t l  BIAS D O N 2  
OPI'ICN TO W R I T E  E E B ' I U R B A T I O N  INTEGRALS ON FILE 

E E B T U B ,  IK :45) HOST BE NON-ZERO. T E A N S P O R T  
I N T E G R A L S  A R E  IMCXUDED I F  A B S ; I X ; U S ) )  GT 2 .  

I L C G I C A L  4) AT T H E  E N D  O F  A C A S E  - SEE S E C T I O N  2 0 4  
OF T H E  B E l l l U @ E  REECBT 

C F I I C N  TC U I i X T E  S P E C I A L  F O ~ ~ ~ T T E D  C A T A  F I L E  

( C O N I )  
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........ 

C D  I X ( 6 1 )  
CE 
CD I X  (62) 
C 

A EIArSB W U M E E R  A I  WAICH ZONE AND GROUP B U C K L I N G S  

A S E C O N D  PLANE NUMBER FOR THE B U C K L I l G  C A L C U L A T I O B  
A R E  TO BE C A L C U L A T E D  

CB 
C 
C L  
C 
cl? 
C 
CD 
CE 
cc 
cc 
cc 
CC 
cc 
cc 
CC 
C 
CD 
CC 
CC 
C 
C C  
CD 
C C  
CC 
cc 
CD 
CC 
C D  
CC 
cc 
CD 
C C  
CD 
CC 
CD 
cc 

CC 
CD 
CC 
CD 
CC 
C D  

I 

cn 

FEACTICN R A T E  n c C u L E  INSTEQCTICLS 

RRTINS, (XXiI),I=l.100)8 i l X i I )  ,1=1# 100) 

1 0 l * N U I T  + I00 

R R  ' I X N S  REACTICN R A T E  H C D U L E  DATA I D E N T I F I E R  ( O H R R T I N S )  

NOTE- C B C E P f h E D  D A T A  APE R E S E F V E I :  FOE P U T U R E  USE. 
NOTE- IRE VALUE OF Z E R O  IS A D E P A U I T  PEBNING THAT IRE C F T I C N  T O  

EERPOi l l :  T H E  T A C K  IS NCT E X E B C I S E I C .  C O N S I D E F A B L E  CATA 
E A W D L I A G  U R Y  B E  I N V O L W E C  A N C  B i f C H  P A F E R  FRIBTEC, S C  CARE 
SHCULD Bf: TAKEN TO CETR'IN C N I Y  TAOSE RESULTS NEECEC. 

N O T E -  CUIT'E G E N E R A L L Y  ?HE F I L E S  - N E X S R F -  AND - 2 N A T D N -  AIiE H E E C E D  
B6C U S U A L L Y  - G F U E X S -  

xx 11)  DESIBED E O U E E  L F V E I  IF NCP-ZERO ( U S U A L L Y  NEW) 
xx (31  CIEICBTING P A C T O F  D I S C U S S E D  B E L O U  
xx 14) U E I G H T I H G  F A C T O E  D I E C U S S E D  BELOW 

( 7 )  O P T I O N  20 BCfl F R O G B A r l R E R  I N P O R t I R T I C N  F O E  D E E U G G I B G  
IX t-5) OPTXCN TC C C H F U T E  A H t  E f l T  R E A C T I O N  EATES, 

N O T Z -  I N D E P S Z D E N T  O F  THE CETICNS W B I C B  FOLLOW, SUMRaRY T A B L B S  

IX 19) OFTICN T C  ECIT EY 20hE AND S D B Z O B E  FOR E A C H  LlwIQUE 

I R I E H T O R I E S ,  B N D  P C K E R  P R O D U C I X O N  

&RE A L N A Y S  E E I I E I :  O N  THIS CPlICh 

N U C L I D E  N A I I E  
1 - YES (WIIIL @ E  DCKE ONLY IF THESE A R E  

SUEZ0 BE S) 
NOTE- IN THTS E D I T ,  ZOMB RESUZ'LS EXCLCCE S U B Z O M E  C C B I R I B U T I C I S  
IX : l o )  OFTICN T C  EDIT EY Z C B R  503 E R c n  UBIQUE NUCLIDE N A H E  

BOTE - Z O N E S  Q l L I  T'BCLUDE SUEZCNE C O I Y R I E D T L C N S  

N U C L I D E  BAHE 
IX :I  1) O F T I C N  T C  E D I T  E Y  Z O B E  €?,ASS POR EhCH U t i l Q U E  

I X  (12) O E T I C N  TC EDIT S U B P A E Y  T A B L E S  EY UlZQUE N U C L I D E  WR!lE  
IX (14) OPTION ' I C  W E I G H T  SKSKARY liEACTION RA'IES E Y  N U C L f C B  

EBEhGY G E N E F A T I C h  
1- FISSION ENERGY C 6 I Y  
2- F I S S I C l  ELUS C A E T U B E  EIYESGY 

WESGRTINGS ( S U N M A R Y  T A B L E S  O I L Y )  
1- E Y  ME? N E U T R O I  PEODUCTIGpi  :GENERAIION MINUS 

IX (15) OPTION FOR A C D I T I O I A I  RESULTS WITH A I T E R b A T I V E  

A E S O B F ? I C M )  

(COET) 



C C  
CB 

cz 
CD 

CD 
cc 
er, 
CC 

CC 
CD 
ci3 
Czi 
C C  
C D  IH I23)  
C C  
CD 
Ci: i'f 124) 
CB I): 126) 
f E  
CD 1 x 6 3 1 )  
c c  

CI: 
CD iX 133) 
CC 

cc 
CD 
C E  
C C  
CD 
CL 
CD 
CC 
CD I X  [ 3 7 )  
CC 
CD 

Cs, 
c c  
CD 
C C  
CD 
CE 
cf) 
CC 

CC 
Ci) 

CD 

CD I X  $15 )  

cn TX (21)  

CD IX f22) 

CD IX i 3 2 )  

CD i x  175) 

cc I X  ($1) 

cn 

c c  Ir ( 5 1 )  

2- BY CAPTURE RATE IF F E R T I L E  B 
R I T E  IF P I S C E Z E  

REFERT TWE C A I C U E A T I C W S  CF R E A C T i O I  BWIES I B " D 1 C A T R D  
A B O V E  ( I X ( 6 )  . G " I . F )  IISIIG FLUX, A D J C I W T  S313CGSTIPlB: 
E E C U I R % ' & G  BILE - E E B B U B -  

OPTION %C E D I T  R E A C T I O N  EAT% A&PS USIBG F I L E  -ETP&UX 
.GT.O- S E E C i P I E S  A ELAXE O F  B 3 - E  P R O E L E f  OR 

-1  - TWE ELANE O R  SO@ IS PO C O R T A I N  THE 

HA2 E B I I C I P A E  XEACTICW I a T E S  FOR FISSILE N i X L I D E S  

A R O f  OF a 2 - 0  PRCDlEB 

L C C A l I O H  CP P A X I F l D R  POWER B E I S I T Y  

1- AESQBPTIOX 
2- A E S O R F T i C a  P B C  F E C O O C T i O N  
3- CABTUPE AND T I S S I C N  
4- C a P F U R E ,  PXSSlON B N D  PRODUGTIOH PER 

A B S 0  R E'I I01 
YdaF F G X ~ C I F A L  R F A C T T C N  F a T m  F O R  P E W T T L E  N U C L L D G S  

7- CAPTORE 
2-  A E S O R F T I C B  C N I f  

Piill? A B S O R P T I O N  I i A P E S  P C P  N U C Z I D E S  CP T H I S  C L A S S  
R E P E A T  T H E  B B P P P N G  WJTh W E I G B P S N G  O N  A D J C I N T  F L U X  

U S I N G  F I L E  - P E P T t B  
O P T i C N  T C  3DIT E E A C T I V I S ' P  C O E P H I C I E I J I S  FOR D?NIT 

C B A N G E S  IR FI5:IIE N U C L I D E  C O B C E N T E A T I O N S  
OP3TCN IC EDTT B E A C T I V I T Y  C O E P F I C i E B T S  PCR CWI? 

CHANGES IN IERTIIZ i b K L I . D E  CONCEHTFiA?I@NS 
OPTICN I C  Z C l T  BEACTIVITY C O E F T I C P E N I S  FUR UNIT 

CHAXGES I N  N O C S i C E  C C N C F N T R A T I C N S  O P  T a l 5  CLASS 
O F Z I C N  PC E D X I  FELICTSYITY C O E F F I C I E N T S  POR A. CHAWGE 

I N  PIGCLXDt C O N C E E B R A S T O W S  B Y  20idE (F6CH T H E  
N E X T - T O - Z A T E S T  V E R S I C N  O F  F I L E  - Z H B T E B -  TO THE 
L A T E S T )  AND CHANGE i h  B T C R O S C O P I C  CROSS S E C T I O N S  
F I t F  - G R U P X 5 -  S A P k  C E D E R  
1-  OlLY C C N C E N T S A T I L N  C H A N G k S  
2- O N L Y  C R O S S  F P C T I C N  C H A N G E S  
3- DC O N I Y  EOTb T O G E T H E R  
4- DC EACH A N D  ECTB S O G E T R X d  

F L U X ,  A C J O f N T  F E I G B I S W G  USIFlI: FILE - F E D T U E -  B N E  
- C H A P X S -  

O P T I C N  ' I C  C O L L A P S E  C E O 5 5  S E C T I O N S  IN E N E F G Y ,  F I L E  
- 1 S O T X S - T C - I S C I X S -  D S I N G  THE E N E R G Y  STRUCTURE 
G I V E N  A S  G R O U P  LClEF BCTJNDS D E S C E N C I W  ZV, C A T A  
IN R F l r A P  X K  S T P A S I M C  AT X X ( 2 1 )  T E R H I X A T I N G  W I T H  

O P T I C N  T C  PRCCUCE C E W A Y E t  NEUTRON P R O P E R T Y E S  W I T H  

A ZEEO FEI ' IRP P c a  T n z  LAST G R O U P  
1- F K O C U C F  P A C E C S C C E I C  CROSS .swtIaNs FOR PSEUDO 

E E N S I T Y  G E j I T P  P C E  EACH ZONE, F L O Y  WETGHTEI: 

O N E S  H B Y i t i G  N C N - Z E R O  COBCENTRATSOLS WLPZi FLI1X 
W E I G H T I N G  U S T A G  F I L E  - 3 Z F T . B X -  

E E Q D I E I N G  F i L f  - € E R T D B -  

2- FFODUCE C N E - T C - G E E  NUCI.IDF:  D A T A  ONLY FOR 'IHS 

3- S A a E  A5 2 PPCEPT FLUX, A D J C i H T  U E I G B T I N G  

OPTION TO GENERATE A D I S T A I B V J T E D  N E U l R C N  SCUACE F I L Y  
- F I X S R C -  USING F I U X  FROPI -RTt;'l,tlX- 

(CCNT)  



209-1 5 



204- 16 

C 
CE A N A Y E ,  t H U . 5 3  ;I) .1=1,2) . I V E E S  

C 
CD HNAMS HCLEEBITH P I L E  N l M E  - PERTUB - ( A 6 )  
Ct H U C E  R O L L E R I T H  USER I C E E ' I I P I C A T I O N  - : A 6 1  
CD IVERS FILE V E R S I O N  NCFJEEA 
C D  FIULT ECUELE F F E C I S I C N  PBRAMETER 
c c  1 - A6 E O B E  S S  S I N G L E  P R E C I S I O N  WCRD 
CD 2 - A6 WOEC I S  C C U B L E  P R E C I S I O N  bORD 
C 
c - ------t---F----^----__II_^___ ... 

c c  
CD 
CE 
CD 
CD 
CD 
C D  
cc  
CD 
C C  
CD 
CI: 
CD 
cc 
C D  
C 
C 
C 

E I G D B D  

XK 
CR 
x 1  
H Z Q N E  
UG EOUP 
IN I: 
I1 

8 2  
8 3  
NU 

E 1 @- CADDY I CR fl AI I2 B TI0 N FACTC E 
A I J CI NT * C  flT *FORWARD *N U S  IG F/K 

B O L T J P L I C A T T O N  FWCSCB [K-EFF) 
F R P N I T I V E  FISSIZV C C N V E R S I O N  Z A T l O  
R E S E R V E C  F O E  F U T U R E  U S E  
NUMBER OF GEOMETFTC ZONES 
N U C E E R  S F  N E U T F C b  E 6 E R G P  GROrJPS 
O P T I O R  FOR JNCXUCTNG T R A N S P O R T  XHTEGEALS 

I EIT EG E AX. 

F L A G  ON zEoELtr T Y I ' E S  -" 
C- P l E A N X N G  NC FRCEIEWS WERE SOLOED, OR T a E l I  

W E R E  E X C E t i V I I L D E  P R O E L E B S  

P R O E L E B  WAS S C I V E D  

PRCELEf WAS S C L V E D  
R E S E R V E D  FOB P C T C R E  W E  
FiESEFVEO FOE F U T U R E  USE 
R E S E R I X D  FOR P E ' T C R E  DSE 

1 f S  A D D E D  TO THIS IF A F A X E D  SCUhCB F C O U P R D  

1 0  r s  A D D E D  PO THIS IF A ~ I X E U  S C U E C E  AUJCINT 



c 
CC 

CEOP 



B O L L f R I S R  FILE N A B E  - WSTRTR - ;A6) 
R C I L E I i I T R  USER I t E N T ~ P I C A T Z O N  (2A6)  
F I X E  V E R S I O N  N U B E E 6  

1 - I6 HCE@ IS SIMGIE WORD 
D0UlEI.E P REC 'I S TO N F A R  &PIE T E R  

z - ad VOBD 1 s  CCOBIE P R E C I S X O ~  PIRD 
V E F S T O h  1 B E S E F V E E  F O B  9 E l T U B E  



204-19 

C E O F  



20&-20  

C ** * ** ** * * ** 4 * ** * !4 *** *** ** ** *** * *** ** 4 * ;6 * * * * ** +* ** ** * ** * ** ** ** ** * * 4 4  ** ** 
C REVISED 1 1 / 2 6 / 7 4  
C 
CQ PIESCa 
f 
CE FI5SIJE S O U R C E  E Y  I W T E B V A t  RED EKSTHIBUTPQN PUNCTIOl i l  
C 
c +* * ** * * * * * * 4 1 *** * $** * ** 8 * * * * ** * * * + * * * * * f 4 * * 8* ** ** ** * 8 ** +* *+ 4* *I t * ** ** ** 

CR F I I E  Z C E N T I P I C B T I O W  
C 
C L  H N A D E ,  iHCSE;I) , I = l , 2 )  ,IWERS 
C 

C 
Cr, HBABE HC b Z  E R  IT h 
CE HUSE H O Z L  E R I ' I  I: 

CW 1,3*flU17: 

PILI B E M E  - F i S S O R  - (Ah) 
U C E R  I C E N T I F I C A T I O N  C A E )  

(CONI) 



iC4-21 

CD SOURCE OF NEDTf iCIS  IN GROUP K8 Z O N E  I 

CEOF 

.I .... 



iCP-22 

C 
C 
C 
c 
C 
c 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
(7 
c 
C 
c 
C 
c 
C 
C 
C 
C 
(3 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 

IG CPI 
NZCCHE 
N R E G  
N Z  CL 
N C l N T I  
N C  I NTJ 
I C I H T K  
H I N I ' X ,  IH 
H I  NTJ, JC. 
N I N T K ,  KN 
IRBL 
IM E a  
JMBI 
J?IEE 
K24 E F  
KNEE 
NB 5 
N B C S  
NTECS 
N Z f 8 B  
NT FIAG 
N B A S S  
N G C P  
X W E S H  
Y R E S H  
ZSESH 
IF INTS 

J P  IlTS 

K F I N ' I S  

V O L a  
ES C 
BB oc 
B N C  I 
N Z H B B  
NZ c 
NZNEi 
BR 

TI ME 
FOWE6 
VO I 
NCI 

G E O I I E T B P  
N U M B E R  O F  Z O N E S  
NUl tBEh C Y  R E G I C M S  
HUPIBEB CF Z O N E  C L A S ~ I E I C A T I B N . 5  
N U N B E E  C P  FIRST C I H E N S Z C N  COARSE EPESB I N T E R V A L S  
NTJBEEB OF S E C O N D  D I F I E I S I C N  COARSE RES8 S P I I E B V A L S  
NUMBBE CY THIFC L ' I M E N S I C A  CCARSE MESR IWTERVALS 
NUFIBER Of F I R S T  L I H E N . S I C P  P I N E  BZSH INTERVALS 
NUXBZB CP S E C C B D  D T P E I S I C N  PINE BESR INTERVALS 
NUMBER OF T H I R D  C I t 4 E N S I C b i  F I N E  K E S H  I N T E R V A L S  
PI RST ECUl iDARY I N E I C A T O B  CN F I R S T  DIMENSICN 
L A S T  D O U N C A 8 Y  ICNCICA'ICR CN FIRST D I B E N S I O k  
FIRST ECUNDARY I 6 D I C A T 0 6  C N  S E C O N C  D I B E N S l Q N  
L A S T  E C I I N t A R Y  I N C I C P T C R  C t i  SECOND DIMENSTCN 
FIRST BCURDAXY I N D I C A l O R  C N  THIRD E I M E N S I C N  

N O R B E R  O f  B I l C H l l N G  S P E C I F I C A T I O N S  
I U E B E F  C F  CONSTANTS ECR E X T E R N W E  B O U E S E A R I E S  
N U F I B E R  C F  CCIN5TBNTS PCR I H T E R H A E  RCiJNCRRZES 
N U M B E R  CF ZONES WHICH A E E  EEALCS AESOHBERS 

BEGICN A S S X G M B E N ?  OFT308 
NOT U S E E  
COARSE H E S H  E C l J N E A 3 I E 5 ,  F I R S T  D I q  E N S I O N  
COARSE H E S R  B O U N C A R I E E ,  SECOWD D I R F N S I C N  
C O A R S E  PESH ECUULABIES, 'SCTRD D X R E N S T O N  
NUHBER O F  P I R E  N E S H  1 N I E E ; P A L S  P E R  C C A R S E  P E S H  

NUFIEER OF P I N E  r'JESII IbTEfiVkES PER CCARSE PESR 

NTJfl6EIi OF P X N E  R E S H  I h T E F l B L S  PER COARSE MESH 

R Z G I C N  O C L U Y E S  
BUCK L I N G  VA I. D E 2 
S O U N D A R ' I  C O N S T A N T S  
I W T E R N  A L E L  A C K B C U N T: B 6 Y C C N ST A X T S 
ZONE t i U P B E R S  P I T H  EIACK A E S C R E E B  C O H D I T I O R S  
Z O N E  C L  A S S 1  PICATIO N I 
ZONE N U P E E R  ASSIGPIEI: 40 EACH E E G I O N  
B E G I O N  A S Z I G N B Z N I S  'IC MESH INTERVAIS 

L A S T  E O U N C A R Y  I N E T C A T C R  C N  T H I R D  tItlEMsIaN 

T I ~ I B G O N A L  G E C M E T E P  cpqrcti 

I N T E R V A I ,  FIRST C I P l E N S T C N  

I N ;X E 5 V AI, 

INTERVAL, T b X B C  D I F ? E N S I C N  

C ECO h D CI !!E R S I O N  

IF NFASS E6 0 C C P R S E  FFSH 
I F  N R A 5 . C  EQ 1 P I M I  IIFSH [ A L W A Y S  T H r S  G F T i O N )  

R E F E R E N C E  R E A 1  T l R F  
P O B E @  L E V I L  
V O L O N E  C V E R  C B I C H  E C W f R  WAS D E T E F ( ? i I # T C  
R E F E R E N C E  C O U N T  I C Y C L F  N C H t l E R )  

(CO 8'1 1 



iC4 -23  

C P W E  POWBh DENSITY 
C ND T?l NUPIEER O F  D ' E f f E # S i O N , C  
c NG EO UP blfJFf8EE CF E W E E G Y  G R C U F S  
C I T E 2  OUTER I T F E A T I O N  N U H E E I ;  A T  i i B I C H  F L U X  WAS YBfTTEN 
c EPFK E F E E C T I B F  ? IUZTIPLLC.@TTCN FACTOB 
C F R  EG 8 3 G U L a R  TOTAL FLEX 
C * * * * * * * 4 * * * * * * * * * * * * * * * * * * + * * * * * * * * $ * * * * # * * * * * * * * ~ * * * * * X ~ * * * ~ 4 * X * * * ~ * ~ ~ *  



C 
C E I C  X N T E E F A C E  PWCII'I 
c 
C * * * * * * t * * * * X * * d * *  4 * * * * * + * $ * * * * * * * * # * *  #* * * * * *+* * * * * * * * * * * * * * * * *~* * * * *~~~  
c 
c S T A R T  I l l E R P R C E  R ' I F I U X  
C 

READ [I S A  Y I 10 CT) 
CO 107 K = l , U I N T K  
DO 108 2=1,lGROUF 
DO 109 J=l,YINTJ 
READ ; I S A V , l O 0 3 )  i P 6 E G ; T )  . I = 1 , N I M T I )  

8 D I  tl NG SCUP .HINT I, N IplT J ,  NINT K O  I T E R ,  E FFK , PO il ER 

109 CorirmuE 
1 0 8  C O N T I N C E  
107 C O b P I l D E  

c 
C ENI:  IWTEtiFACB RTFLIIX 
C 
c** ***** ********** *+******+********************* *****+*********+**** **+* 
C 

1001 FOSMAT ( l i A 6 )  
1002 POENA? (12I.63 
1001 POFBAT (EE12, E) 
1004 PORNAT [3E12.5,416) 
1005 EOEnAT (616,2E12-5) 

C 
C * 6 * * * * + * * * * * + * * * + 4 * * * * * + * * * * * * * * * * * 2 + * * * ~ * * 4 * * * ~ * ~ ~ ~ * ~ ~ ~ * $ * ~ * * ~ ~ ~ * ~ ~ *  

CEYD OF "IRE FIXE 
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*cc *c*c +c*c *c *c*c +c*c*c 

E B D  OF SECTICN 2044 
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S e c t i o n  205: Overlay of Blocks of  Program 

For e f f e c t i v e  u s e  o f  t h e  computer memory, groups of s u b r o u t i n e s  nlufjt: 

b e  brought  Erom 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 

l o n g e r  needed i n  c o r e .  Shown i n  F ig .  205-1 is a l i s t i n g  of  t h e  c a r d s  

which are recommended f o r  e x e c u t i o n  on an IBM machine t o  p r o v i d e  o v e r l a y  

i n s t r u c t i o n s  t o  t h e  l o a d e r .  The main program r e s i d e s  i n  memory a l o n g  

w i t h  any s u b r o u t i n e s  (and l a b e l  common) n o t  a s s i g n e d  t o  an o v e r l a y  level.  

C o n t r o l  t o  t h e  l o w e s t  level  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  w i t h o u t  i n p u t  o f  program. Thus t h e  s p e c i f i c a t i o n s  i d e n t i f y  

groups of s u b r o u t i n e s  d o n g  any access sequence,  c o n t r o l  p a s s i n g  t o  l e v e l  

I>,  t h e n  leve l  E ,  e tc .  Blocks o f  program a s s i g n e d  ( " i n s e r r e d "  a t )  t h e  

s a m e  l e v e l  share s t o r a g e ;  t h e  s t o r a g e  requirement  f o r  program is t h e  sum 

of t h e  maxiitium requi rements  a t  each  level 

When t h e  code i s  used  as a load  module o r  2% j o b  c o n t r o l  procedure  i s  

- used as a v a i l a b l e  t o  t h e  system, a s u i t a b l e  o v e r l a y  s t r u c t u r e  i s  made 

a v a i l a b l e  and need n o t  b e  s u p p l i e d .  
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O I P R L A Y  E E V I X D  
INSERT WENT , I O N O ,  COB E e COB P,CORP ,GI A8 .CO ED ,C@RB, DDSP .GAS U 
OVER I A1 LEV IZC 
INS E89 GBTC Cli  , P R i COR 
O V E R L A Y  Z E P I i D  
INSERT 8 A C 1  , ? l A C ~ , H A C 3 , P ! B C 4 , F A C 5  ,HAC6,PiACA ,BACB,CHD%,SCII 
O V E R L A Y  I E V I L C  
I N S E R T  CON1 , RSBO, NRCP, BSH I,CQN2 , C O N 3 , @  KCT , C O B $ ,  CONS , C O N 7 ,  C O h 9 ,  BNDY 
I N S E R T  H S R 3  ,GEOC 
OVERLAY LEV E L C  
I N S E R T  
OVERLAY L B V f L C  
I N S E R T  C R E X , E I T G ,  I U C R , C C N 6  
O V E R L A Y  L E V I L C  
I N S E R T  hDN1 . A C W 2 *  RDN3,DCI@,CSDP,CTPS, B J E S , C P R S ,  C I H Z , C R E S , C R Q X  ,DX33 
I N S E R T  Z V R V , C B G V , E L R D , F L B f %  
O V P B L  AP ZEV E IC 
I N S E R T  C O M C , ~ C A E 8 E E X R , F X S R , B S Q ~ , ~ Y ~ ~ ~ R ~ ~ ~ , E G ~ ~ ~ ~ ~ ~ ~ , ~ A Q ~ , ~ A ~ 2 , S ~ ~ ~  
I N S E R T  EABld , E A V S ,  C A V 6  . S A P 7  
O V E R L B Y  L E V I L E  
I N S E R T  O U T R , E A L C , 2 1 N S , C ~ B P , C ~ ~ 1 8 ~ ~ ~ ~ ~ X T ~ P 8  JUSB, A T E D , P P G G , R D O E , R E t X  
INSERT ISOR , -$SO R , FSQ R I FL DX 
O V E R L A Y  I E V E I E  
INSERT H U E X , E T R I , E T R 2 ,  SGEA 
O V E R L A Y  L E Q E  IF 
I N S E R T  COIN ,RRES, 'CRE5,PRFC 
O V E R L A P  L E V E I E  
X N S F R T  E O U  1 ,  S O U  1 , B O U  1 .IHR ? , I O U 1  ,LE X l  
O V E R L A Y  L B B E I E  
I N S E R T  E 0 0 2 e S 0 U i 8 P 0 U  2 , I N R  2 ,  I O U 2  ,LE R2 
OVER 1 A Y IF, V E 1 E 
I N S  ERT POU 3 ,  S O 0  3, EO U 3 , IWR 3 ,  I O U  3 ,LE K3 
O V F ' R E R Y  L B B E I F  

O V E R L A Y  I E V E I E  
1 N 3 E R T E OU 5 , S 0 U 5 , PO U 5 , I N  R 5 , LO I1 5 , LE R 5 , J 1 C 5 
O V E R L A P  L E V E I F  
I N S E R T  F0U6,SOUO8 I X 2 6 . D F T . X  
OVERLAY L E V E E E  
T N S E R T  
O V E R L A P  IEVELE 

O V E R L A Y  I E V E I C  
IVS E ET P E RT I CAP A ,  L I FE P ER C , 3 A  F S ,PA AP I QC C 1 F PI U B , 1 D FP , B E E 1 I E 8 E2 , H E  P T  
EYTRY I A T M  

F M I A  , FMI 1 , F H I 2  e IFHF3, ENTQ , F H I S ,  E8X6. F B H D S  P C Z D ,  PC 3D, E D B N  , S D B B  

I N S  ?AT E O  U '4 0 SOU 4 8 PO U 4 8 I N R  4 e LOU 4 LE K 4 e Q D CE Q E L X. SO U X J 1 C & 

E O U X ,  SCUY, F O U X ,  I W R X , L O i l X , L E R X , S C F Z  .;'ECX 

I N S  F R T  E n  Ir , POUT , N B A  L , SOB L FT ss  , PI. x w  , E E S  s I E ID N 

E N D  OF S E C T X C N  20: 



S e c t i o n  220-1: - Conversion t o  Other  Computers 

The r e f e r e n c e  code is programmed f o r  an  I H M  machine. W e  a n t i c i p a t e  

a second v e r s i o n  of  t h e  code b e i n g  made a v a i l a b l e  f o r  c e r t a i n  o t h e r  

machines,  e s p e c i a l l y  f o r  t h e  CDC-7600. This  d i s c u s s i o n  a d d r e s s e s  a s p e c t s  

of t h e  p r o g r a m i n g  which must r e c e i v e  a t t e n t i o n  i n  c o n v e r t i n g  between 

machines. Connrient l i n e s  w i t h i n  t h e  s o u r c e  deck i d e n t i f y  s p e c i f i c  problem 

areas. 

On an  1BM machine, muck o f  t h e  c a l c u l a t i o n  is 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  as l o n g  words.  On long-word machines,  t h i s  

d a t a  s h o u l d  b e  c a r r i e d  as r e g u l a r  l e n g t h  and t h e  a s s o c i a t e d  double  p r e c i -  

s i o n  o p e r a t i o n s  changed t o  s i n g l e  p r e c i s i o n .  T h i s  change i s  e s s e n t i a l  

t o  minimize s t o r a g e  requi rements .  Alphanumeric c h a r a c t e r s  are c a r r i e d  

i n  t h e  g u i s e  of rea l  numbers ( H o l l e r i t h )  as h ( 6 )  r e q u i r i n g  l o n g  word 

s t o r a g e  on an IBM machine. 
I. .. .. 

As a convenience f o r  convers ion ,  a m u l t i p l i e r  i s  c a r r i e d  through 

t h e  r o u t i n e s ,  MlJ,1' o r  NDP o r  L X ( 3 9 ) ,  which m u s t  b e  2 f o r  an  IBM riischine 

and 1 f o r  o t h e r s .  This  m u l t i p l i e r  a d j u s t s  t h e  l e n g t h  o f  words f o r  s h o r t -  

word s t o r a g e  and manipula t ions  avo i d i n g  e x t e n s i v e  reprogramming upon 

convers ion .  

1. 

2. 

3 .  

4 .  

5. 

The t 'ol lowing are b a s i c  changes r e q u i r e d  f o r  a long-word machine: 

Remove a l l  i?EAL"K s ta tements .  

Supply s i n g l e  p r e c i s i o n  l i b r a r y  f u n c t i o n s ,  e . g . ,  SQRT and EXP instead 

of DSQRT and DELYT". 

Change a l l  r e f e r e n c e s  t o  "Double P r e c i s i o n , ' '  as i n  f u n c t i o n  d e f i n i -  

t i o n  s t a t e m e n t s .  

Change LX(39) t o  1 from 2. 

Change the a p o s t r o p h e s  which d e l i m i t  a lphanumeric  s t r i n g s  i n  FOPWI' 

and  DATA s t a t e m t n t s .  
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6 .  Replace the s u b r o u t i n e  TIMER t o  p rov ide  i n f o r m a t i o n  from t h e  l o c a l  

s y  s t e m ,  

LCJ,OCK -- g i v e s  c p u  t i m e  

ITTIME -- g i v e s  c l o c k  t i m e  

MODEL -- g i v e s  computer model 

LDAY -- g i v e s  alphanumeric:  Month-Day-Year 

7 .  S a t i s f y  t h c  d a t a  a c c e s s  r equ i r emen t s  i n c l u d i n g  t h e  dynamic opening 

of t h e  f i l e s  w i t h  parameters which are problem dependen t ,  

P rov ide  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 dynamica l ly ,  o r  f i x   he 

c o n t a i n e r  a r r ay  a l l o c a t i o n  and communication o f  i t .  

8 .  

9 .  P rov ide  t h e  n e c e s s a r y  o v e r l a y  s t r u c t u r e .  

10 .  C o r r e c t  any d i s c r e p a n c i e s  missed by t h e  IBM compiler  (and p l e a s e  

r e p o r t  t h i s  i n f o r m a t i o n  back t o  us). 

Local  system r o u t i n e s  would b e  needed t o  s a t i s f y  i t e m s  6 ,  7 ,  and 8 

above on an IBM machine. 

Ln c o n v e r t i n g  t h i s  code, c o n s i d e r a t i o u  shou ld  b e  given t o  d a t a  s t o r a g e  

and t r a n s f e r  r equ i r emen t s .  

extended c o r e  cannot  c o n t a i n  a s e t  of t h e  f l u x  v a l u e s ,  so t hey  shou ld  be 

c a r r i e d  on d i s k .  Some of  t h e  d a t a  i s  used f r e q u e n t l y ,  so i t  needs t o  be  

c a r r i e d  i n  even a s m a l l  memory; s u g g e s t i o n s  f o r  p a r t i t i o n i n g  t h e  d a t a  

are g i v e n  i n  t h e  s o u r c e  program on comment l i n e s .  

Lf l a r g e  problems a r r  t o  bp s o l v e d ,  even a l a r g e  

END OF SECTION 
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S e c t i o n  225:  The Data t iandl ing S t r a t e g y  

U t . i l i z a t i o n  o f  a s p e c i f i c .  c,oiiiputer f a c i l i t y  can b e  improved by 

c a r e f u l l y  t a i l o r i n g  the p r o c e d u r e  of c a l c u l a t i o n .  O f  c r i t i c a l  iiiiportimce 

i n  so lv i .ng  l a r g e  problems are t h e  d e t a i l s  o f  t:ra.ns:Ferring d a t a  t o  and 

from memory u s i n g  aux i  I . i a r y  s t o r a g e  w i t h i n  any h i e r a r c h y .  

f a s t  memory and s low memory must be al . l-ocated c a r e f u l l y ,  and . j ud ic ious  

c h o i c e s  must be  made betwee.n a l t e r n a t i v e s  i n  b l o c k i n g  t h e  d a t a  and t r a n s -  

f e r r i n g  i t  between t h e  i n d i v i d u a l  s t o r a g e  d e v i c e s .  

p r o c e d u r e s  employed i n  t h i s  code may be found desirab1.e .  Rowever, t h e  

c a p a b i l % t y  of  a p a r t i c u l a r  f a c i l i t y  i n  r e g a r d  t o  rates o f  d a t a  t r a n s f e r  

and s t o r a g e  c a p a c i t y  must be we1.1 understood a s  well. as t h e  s t r a t e g y  

etnployed i n  t h i s  code i f  a m o d i f i c a t i o n  i s  t i l  produce improvement. A 

d e s c r i p t i o n  i s  g iven  i n  t h i s  sec.t:ion of  the s t r a t e g y  used i n  h a n d l i n g  

d a t a .  

‘he avail~~iblc: 

Modif:i.cat ions t o  t h e  

Consider  a n  i n t e r n a l  poi.nt  f o r  one ene.rgy group i n  a t-hree-dimensi-orial 

mu l t ig roup  problem. 

rows make up a p l a n e  o f  p o i n t s ,  and t h e  t h i r d  dimension i n v o l v e s  a se . r i .w  

of  p l a n e s .  

c o o r d i n a t e  s y s t e m s ,  e.ach i n t e r n a l  p o i n t  h a s  s i x  n e a r e s t  n e i g h b o r s ,  two 

on the row, two 011 a column i n  t h e  p l a n e ,  and two i n  t h e  a d j a c e n t  p l a n e s .  

Space c o u p l i n g  y i e l d s  equati.on c o n s t a n t s  r e l a t i n g  t h e  f l u x  a t  t h e  r e f e r e n c e  

p o i n t  w i t h  v a l u e s  a t  n e a r e s t  ne ighbor  l o c a t i o n s ,  Given t h e  pointwi.se 

f i s s i - o n  and i n s c a t t e r i n g  s o u r c e  v a l u e s  , and removal terms f o r  a b s o r p t i o n  

and o u t s c a t t e r i n g ,  this space probl.em i s  p a r t i a l l y  r e s o l v e d  by i n n e 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  i n d i v i d u a l  f l u x  v a l u e s  by a p p l y i n g  t h e  

e q u a t i o n s  r e p e a t e d l y  o v e r  t h e  mesh i n  an o r d e r e d  f a s h i o n .  

I t  is l o c a t e d  on a row o f  p o i n t s ,  seve.ra1 o f  t h e s e  

The p o i n t s  are c a r e f u l l y  a r r a n g e d  s o  t h a t  i n  t.he .usual. o r thogona l  
I 

During each outer i t e r a t i o n  t h e  f i s s i o n  s o u r c e  i s  r e c a l c u l a t e d  arid 

f o r  the s p a c e  probl.em a t  each ene rgy  group t h e  s c a t t e r i n g  s o u r c e  is 

r e c a l c u l a t e d .  ‘Chus, a t  any s p a c e  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 ene rgy  may produce a s o u r c e  a t  any otilier ene rgy .  A f u l l  s c a t t e r i n g  

matri.x is a l lowed  which p e r m i t s  s c a t t e r i n g  from any group t o  any o t h e r  

group;  however, o f t e n  t h e r e  i s  o n l y  downsca t t e r .  Thus, t h e  c a l c u l a t i o n  

p roceeds  from t h e  h i g h e s t  ene rgy  downward. Source n e u t r o n s  may b e  pro- 

duced by f i s s i o n  at any e n e r g y ,  b u t  these are summed t o  g.i.ve a s i n g l e  
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space a r r a y  of  t h e  t o t a l .  f i s s i o n  s o u r c e  w i t h  d i s t r j ~ b u t i . o n  O F  tiiis i n t o  

the i n d i v i d u a l  g roups .  

I n  one  o f  t h e  modes of  d a t a  handl.i.ng, t h e  f l u x  v a l u e s  are s t o r e d  

on a d i r e c t  access d e v i c e  i n  s u c c e s s i v e  b l o c k s  f o r  e a c h  ene rgy  g r o u p ,  

w i t h  t h e  v a l u e s  f o r  e a c h  p l a n e  i n  an  i n d i v i d u a l  d i r e c t  access r e c o r d .  

Thus,  t h e  d a t a  i s  c a r r i e d  i n  the o r d e r  d e s i r e d  and i.n bl .ocks AS needed  

f o r  t h e  iniler i t e r a t i o n  p r o c e s s  a t  one  e n e r g y .  'Theil f o r  the s o u r c e  

c a l c u l a t i o n ,  t h e y  may be a c c e s s e d  one  p l a n e  a t  a t i m e  o v e r  e n e r g y  groups  

by s k i p p i n g  down t h r o u g h  t h e  f i l e .  'The i n d i - v i d u a l  r e c o r d s  may b e  a c c e s s e d  

d i r e c t l y  w i t h  a s i n g l e  r e p o s i t i o n i n g  o f  t h e  d i s k  head  u s i n g  the c a p a h i 1 i . t y  

o f  t h e  o p e r a t i n g  sys t em t o  accoun t  f o r  where t h e  r e c o r d s  are l o c a t e d .  

Up0t-1 r e a d i n - g  o r  w r i t i n g  f l .ux v a l u e s ,  t h e y  are p r o c e s s e d  sequen t i a l . 1y  whi-il 

p o s s i b l e  t o  minimize  t h e  amount of  d i s k  head  movement. 

With one o f  t h e  c a l c u l a t i - o n a l  p r o c e d u r c s ,  one p l a n e  o f  f l u x  d a t a  must 

b e  t r a n s f e r r e d  i n t o  memory and t h e  n e x t  o p e r a t i o n  invol -ves  w r i - t i r r g  o u t  

a n o t h e r  p l a n e  of newly c a l c u l a t e d  flux d a t a ,  n o t  on a d j a c e n t  p l a n e s .  To 

r e a l i z e  e f f i c i e n t  d a t a  h a n d l i n g ,  tiici l a s t  i t c r a t e  and t h e  present .  i t e r a t e  

f l u x  values are c a r r i e d  i n  d i f f e r e n t  f i l e s .  T h i s  p e r n i t s  s e q u e n t i a l  r e a d -  

i n g  and w r i t i n g .  A t h i r d  f i l e  i s  a l s o  c a r r e d  b e c a u s e  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  s u c c e s s i v e  i t e r a t e  sets o f  t h e  f l u x e s ,  and 

t h e  c a l c u l a t i o n  p r o c e e d s  by a l t e r n a t i n g  be tween r h e  t h r e e  d i r e c t  access 

f l u x  f i l e s .  

The e q u a t i o n  c o n s t a n t s  f o r  s p a c e  c o u p l i n g  and t o t a l  loss are s t o r e d  

on d i s c  as needed  when i n i t i a l l y  cal.cu1att.d frorii nuc1.ide c o n c e n t r a t  ions 

and m i c r o s c o p i c  c r o ~ 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 p e r m i t s  

e f  fici-enr: access of t h e  d a t a  d u r i n g  i t e r a t i o n  w i t h  t h e  p a r t i c u l a r  scheme 

mode of d a t a  h a n d l i n g  s e l e c t e d .  

The macroscop ic  s c a t t e r i n g  c r o s s  sections are b l o c k e d  f o r  a l l  corn-- 

p o s i t i o n s  and e n e r g y  g r o u p s  by i n s c a t t e r i n g  g roup .  Thus ,  t h e  i n s c a t t e r i l l g  

s o u r c e  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 r o c e s s i n g  of  n h i s  d a t a ,  o n e  

r e a d  f o r  e a c h  e n e r g y  g roup  e a c h  outcar i t e r a t i o n .  

The p r imary  d a t a  h a n d l i n g  modes i n  the code  are  d e s c r i b e d  below i n  

t h e  ordei-  oil i n c r e n s i r i g  amount o f  d a t a  t r a n s f e r  r e q u i r e d .  
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A l l  S t o r e d  Mode -___ 

For small p r o b l e m s ,  a l l  t h e  e q u a t i o n  c u n s t a n t s ,  one  s e t  o f  f l u x  v a l u e s  

and the n e c e s s a r y  s o u r c e  v a l u e s  are s t o r e d  i n  t h e  compui-er memory. T h e  

c a l c u l a t i o n  p r o c e e d s  w i t h  v e r y  l i t t l e  d a t a  t r a n s f e r .  

Space S t o r e d  Mode I 

For problems of modera t e  s i z e ,  t h e  e q u a t i o n  c o n s t a n t s ,  t h e  flux v;il lies 

and t h e  n e c e s s a r y  s o u r c e  v a l u e s  a re  s t o r e d  i n  t h e  computer  memory l o r  the 

s p a c e  problem one e n e r g y .  Lnner i t e r a t i o n  i s  done w i t h  minimum d a t a  

t r a n s f e r ,  b u t  r e a d i n g  t h e  s c a t t e r i n g  d a t a  and flux v a l u e s  i s  r e q u i r e d  f o r  

t h e  s o u r c e  c a l c u l a t i o n .  

Mul t i-row S t o r e d  Mode 

For  two-dimens iona l  c a l c u l a t i o n s ,  i n  L l i i s  mode t h e  s p a c e  p r o b  l c m  < i t  

o ~ i e  e n e r g y  i s  r u r t h e r  p a r t i t i o n e d  t o  r e d u c e  t h e  memory r e q u i r e m e n t  ~ D,ita 

f o r  severa l  rows o f  f l u x e s  :ire s t o r e d  and innc>r  i t e r a t i o n  p r o c e e d s  w i t h  

the  minimum amount of  d a t a  t r a n s f e r  f o r  a g i v e n  p rob lem u s i n g  c h ~  nv r i i a lbe  

memory. T h i s  m o d c  o r  d a t a  h a n d l i n g  i s  a subset of  t h a t  d e s c r i b z d  i n  more 

d e t a i l  be low.  

M u l t i - p l a n e  S t o r e d  Mode and M u l t i - L e v e l  __I--.---___.. Data T r a n s f e r  Mode - .. 

I n  t h e s e  modes d a t a  f o r  several  p l a n e s  o f  a t h r e e - d i m e n s i o n a l  problerri 

are  s t o r e d  i n  f a s t  memory or s l o w  mernory. C o n s i d e r  the a r r a y  of  mesh p o i n t s  

normal  t o  rows f o r  a n  a r b i t r a r y  number of columns and pl-anes: 

Column 1 2 3 4 5 

1’ 1. a n e  
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Each d o t  r e p r e s e n t s  a row of p o i n t s  f o r  which new i n n e r  i t e r a t i o n  i t e r a t e  

estiinaties o f  t h e  f l u x  v a l u e s  w i l l  b e  o b t a i n e d  s imul . t aneous ly .  The c a l c u -  

l a t i o n  p r o c e e d s  i n  such a way t h a t  t h e  l a t e s t  v a l u e s  a re  a lways  used  i n  

t h e  c a l c u l a t i o n .  'That i s ,  u s i n g  t h e  f i r s c  s u b s c r i p t  t o  r e f e r  t o  column 

and the second. t o  p l a n e ,  a f t e r  f l uxes  for row a are  obtained, f l u x e s  

for rows a and a may b e  c a l c u l a t e d .  C o n s i d e r i n g  t h a t  t h e  c a l c u l a t i o n  

p r o c e e d s  i.n o r d e r  a c r o s s  t h e  columns on e a c h  p l a n e  u s i n g  t h e  l a t e s t  v a l u e s  

o f  t h e  f l u x e s  ob ta ined  f o r  t h e  p l a n e  above and t h e  column t o  t h e  l e f t ,  the 

p r o c e s s  may be d e s c r i b e d  as f o l l o w s :  

1 7 1  

1,2 2,l 

P 1 ane  I t e r a t i o n  .........- ___ 

1 

2 

1 

3 

2 

1 

4 

3 

2 

1 

1 

1 

2 

1 

2 

3 

1 

2 

3 

4 

The p r o c e d u r e  i s  as f o l l o w s  a f t e r  ii d e v e l o p s  t o  t h e  s t a g e  where  n 

p l a n e s  oE d a t a  are s t o r e d :  

I t e r a t i o n  __ ..-... P l a n e  

m 

m- 1 

m- 2 

in- 3 

m-n-1 

m- n 

m-n-t-1 

n -.. 2 

n- 1 

n 
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Comple t ion  o f  the p r o c e d u r e  i s  as f o l l o w s ,  where M is  the c o t a l  niirnbcr 

o f  p l a n e s :  

P l a n e  

M 

M- 1 

14- 2 

M-3 

M 

PI- 1 

M- 2 

M 

M-1. 

M 

I t e r a t i o n  

n- 3 

11-2 

n - l  

n 

n-2 

n-1 

n 

n-1 

n 

... ..... 
S t o r i n g  t h e  e q u a t i o n  c o n s t a n t s  and s o u r c e  values  f o r  n p l a n e s  ;md 

the  f l u x  v a l u e s  f o r  n+2 p l a n e s ,  n i n n e r  i t e ra t l ' . c ins  a r e  done each full sweep  

w i t h  one access of  e q u a t i o n  c o n s t a n t s ,  ocie access of old flux val.ues ~ a n d  ~ 

one t r a n s f e r  o f  new flux v a l u e s  f o r  e a c h  p l a n e  o f  t h e  prol~I .em.  If more 

i n n e r  i t e r a t i o n s  are done  than t.he a v a i l a b l e .  s t o r a g e  x. 1.0:~s i n  o n e  sweep, 

t h e  p r o c e s s  i s  r e p e a t e d .  The amount o f  data t r a n s f e r  i s  minirntzed rel.at:ive 

t o  co inputa t ion  f o r  t h a t  problt.;m which i s  t o o  l a r g e  t o  b e  1-iandlcd i.n the 
more e f f i c i e n t  rriodes abcive. E q u a t i o n  c o n s t a n t s  and also :fl.ux v a l u e s  are 

each s e p a r a t e l y  1iI.ocked i n t o  one record  f o r  e a c h  pl.aue, 

I n  t h e  "mu1.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 f rom s 1 . n ~  memory 

i n t o  f a s t  memory i n  srriaI1. bloc:.ks as needed .  

One Row S t o r e d  Mode ___--__I._- 

To h a n d l e  The largest poss - i l i l e  problem i n  the m i n  Fmum amount o f  

memory, and y e t  s o l v e  f o r  new v a l u e s  o f  the  f l u x e s  along a row, L h i s  mode 

of d a t a  h a n d l i n g  t reats  o n l y  one  row a t  a t:i.me. 

t h r e e  -d i m e  11s i o n  a]. p r o b  1em ( the. s pace s t o r  e d  rno de sat  i s  f: i. e s one  - d i.ructn s i on a 1 

p -rob l e m  r eq ui. remen t s 'mid t h e  mu1 t i - row s t o re d mo cl e s at i s f i. (3s two - cl imtr LIS i o n  31 

p rob lem r e q u i r e r n e n t s ) .  

a t . i m e  and t h e  r e q u i r e d  flux values  fo-t- f i ve  row:; i.s s t o r e d .  

I t  a p p l i e s  o n l y  t o  the 

Data is s t o r e d  t o  c a L c u l a t e  o n e  row of f1uxe.s at 
Calcu l . a t ions  
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on l o c a l  computers  i n  t h i s  mode show i t  t o  b e  v e r y  i n e f f i c i e n t  i n  t o t a l  

tiin:. and have  an  extrc~ne d a t a  i n p u t / o u t p u t .  penal t y .  

I n p u t / O u t p u t  O p e r a t i o n s  

The number o f  d a t a  Lnput /Output  o p e r a t i o n s  i s  approx ima ted  f o r  t h r e e -  

d ini t .  n s i on a1 p r o b  1 ern:; by  t h e  f o 11 ow i n  g eq  ua t i o  LI : 

L e t  I = t h e  a v e r a g e  nuinber o f  i n n e r  i t e r a t i o n s  i n  e a c h  g r o u p ,  

L = t h e  number of p l a n e s  t r e a t e d  s i m u l t a n e o u s l y  51, 
h = 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  g r o u p s ,  

B = t h c  a v e r a g e  a c t u a l  s c a t t e r i n g  bandwidth  i n  g r o ~ l p s ,  

P = t h e  number of  p l a n e s ,  

K = t h e  number of rows ,  

0 t h e  llumbcr of d a t a  Input/Output o p e r a t i o n s ,  disc-memory; 

, a l l  s t o r e d  mode 
s p a c e  s t o r e d  

[2j 

0 = AG 500 t- (N + 2) i 
1Jhei-e A i s  t h e  a v e r a g e  p h y s i c a l  b l o c k  s i z e  of t h e  r e c o r d s ,  1 f o r  sindl1 
problerns b u t  i n c r r a . s i n g  w i t h  problem s i z e .  The re  i s  a d i r e c t  dependeni-r  

o n  t h e  s c a t t e r i n g  band w i d t h  n o t  shown and Chebyshev a c c e l e r a t i o n  a d d s  4 

i n s i d e  t h e  s q u a r e  b r a c k e t s .  T y p i c a l l y  N y 3 P R / l .  

Our a t t e m p i s  t o  seek n ra r  opiimum s e l e c t i o n  of  t h e  mode o f  d a t a  

h a n d l i n g  as dependen t  on problem s i z e  and local c h a r g i n g  a l g o r i t h m s  have  

n o t  been s u c c e s s f u l .  G e n e r a l l y  a t  OKh'TJ, i t  pays  t o  u s e  n l a r g e  amount of 

memory t o  min imize  d a t a  i n p u t / o u t p u t  p r o v i d e d  j o b  t u r n a r o u n d  i s  s a t i s f a c t o r y .  

END OF SECTION 
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A p p l i c a t i o n  Informat ion  

I n  t h e  fo l lowing  s e c t i o n s ,  a p p l i c a t i o n  i n f o r m a t i o n  i s  s u p p l i e d  which 

i s  d i r e c t e d  t o  t h e  needs of  t h e  program use r .  H e  i s  r e f e r r e d  t o  tine in t ro- .  

d u c t o r y  s e c t i o n  of t h i s  r e p o r t  for a broad  coverage of t h e  f u n c t i o n  of 

t h i s  n e u t r o n i c s  code b lock ,  and t o  t h e  la ter  s e c t i o n s  f o r  t h e  c a l c u l a t i o n  

a l g o r i t h m s .  A user f l o w  c h a r t  i s  p r e s e n t e d  in Figure  001-1 on page  001-3. 

S p e c i f i c  program c o n s i d e r a t i o n s  are  given i n  S e c t i o n  401. The d i s c u s s i o n  

( d i s c l a i m e r )  on i n p u t  d a t a  i s  i.n 4 0 3 ,  e r r o r  checking i s  covered i.n 4 0 5 ,  and 

res tar t  and recovery  i n  S e c t i o n  410. S e c t i o n  440 a d d r e s s e s  e d i t e d  r e s u l t s  

and 450 t h e  s e l e c t e d  samp1.e  problems. 
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S e c t i o n  401: Program C o n s i d e r a t i o n s  

A p p l i c a t i o n  of t h i s  code w i l l  g e n e r a l l y  b e  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  w i t h  i t s  c o n t e n t s .  I n  t h i s  s e c t i o n ,  

c e r t a i n  s p e c i f  1.c aspects are addressed .  

1) Major program opzions  a r e  covered i n  S e c t i o n  204.  Genera l ly ,  t h e s e  

p r o v i d e  unique f u n c t i o n s  w i t h  minimum i n t e r a c t i o n .  

s e l e c t i o n  between procedures  i s  provided as d e f a u l t ,  b u t  r e a s o n a b l e  

Automated 

care must b e  t a k e n  t o  o b t a i n  d e s i r e d  e d i t s  w i t h o u t  e x c e s s  and t o  

c o n t r o l  g e n e r a t i o n  of i n t e r f a c e  d a t a  f i l e s .  

2)  There are few c o n s t r a i n t s  on t h e  range of v a l u e s  of  t h e  v a r i a b l e s :  

a )  Data used t o g e t h e r  can n o t  vary  by more than perhaps and 

c a r r y  s i g n i € i c a n c e  (atom d e n s i t y  times c r o s s  s e c t i o n  f o r  t h e  

c o n t r i b u t i o n s  t o  a macroscopic c r o s s  s e c t i o n  from two n u c l i d e s ) ,  

Data o u t s i d e  of 10"" can  be  expec ted  t o  produce chaos (power 

l e v e l  f o r  example),  and 
b)  

c )  Large s t e p  changes i n  t h e  mesh s p a c i n g ,  say  by a f a c t o r  of 100 ,  

may causc' d i f f i c u l t y  i n  converging t h e  i t e r a t i v e  procedure t o  

e f f e c t  an a c c e p t a b l e  s o l u t i o n .  

3) A l l  major d a t a  a r r a y s  are v a r i a b l y  dimensioned and s t o r a g e  a l l o c a t i o n  

done dynamical ly .  Problems have been s o l v e d  which conta ined  o v e r  

1000 p o i n t s  on a l i n e  and o v e r  LOO energy groups have been t r e a t e d .  

4 )  'The l a r g e r  the  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 e q u i r e d  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 t o r a g e  d u r i n g  the ca lcu la t i .on .  S e v e r a l  d a t a  h a n d l i n g  

modes are provided b y  para l le l  coding which r e q u i r e  i n c r e a s i n g l y  

less c o r e  s p a c e  and more d a t a  h a n d l i n g .  Aut0mati.c s e l e c t i o n  of t h e  

mode of data h a n d l i n g  i s  done t o  e f f e c t  e f f i c i e n t  computer use .  

Actua l  s t o r a g e  requi rements  are a complicated f u n c t i o n  of  t h e  v a r i -  

a b l e s  (the n a t u r e  of t h e  problem and i t s  s i z e )  and t h e  mode of d a t a  

h a n d l i n g ;  t h e s e  require.ments are edi te .d  each e x e c u t i o n  t o  provide  
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i n f o r m a t i o n  which may b e  c o l l e c t e d  as background by a u s e r  f o r  

r e f e r e n c e .  

5) The c o n s t a n t s  t o  which v a l u e s  are  a s s i g n e d  w i t h i n  t h e  code are  

g e n e r a l l y  l i -mi t ed  t o  t h o s e  covered by e q u a t i o n s  i n  t h e  700 ser ies  

of S e c t i o n s .  Of c o u r s e  c o n s t a n t s  l i k e  p i  are a s s i g n e d  v a l u e s  t o  

machine s i g n i f i c a n c e .  

6 )  T t  i s  assumed t h a t  dimensions are i n  c e n t i m e t e r s ,  n u c l i d e  c o n c m t r a -  

t i o n s  are i n  atoms/barn-cm, and mic roscop ic  c r o s s  s e c t i o n s  are i n  

barns/atoni .  Q u i t e  gene ra l  7.y t h e  p roduc t  o f  nucl i d e  c o n c e n t r a t i o n  

and mic roscop ic  c r o s s  s e c t i o n  must y i e l d  a macroscopic  v a l u e  h a v i n g  

u n i t s  of cni-1 f o r  c o n s i s t e n c y .  

7) Man-machine i n t e r a c t i o n  d u r i n g  e x e c u t i o n  i s  n o t  a l lowed .  

8) No s p e c i a l  forms of o u t p u t  are a v a i l a b l e ,  j u s t  p r i n t e d  pages,  and a 

l a r g e  s t a c k  of pape r  w i l l  b e  produced f o r  a l a r g e  problem i f  inany 

of t h e  e d i t  o p t i o n s  are e x e r c i s e d .  

9 )  'The programming has  bpen done i n  a way t o  avo id  unde r f lows ,  o v e r f l u w s ,  

and d i v i d e  b y  z e r o .  

t o  d e t e c t  such occurences  and t e r m i n a t e  a c a l c u l a t i o n .  

even t  o c c u r ,  t h e  cause  should b e  t r a c e d  by s t u d y  oE t h e  program and 

r e c t i f i e d ;  i t  i s  probably due t o  i n a d e q u a t e  d a t a  o r  p o s s i b l y  i n c o n s i s t e n t  

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

We recommend t h a t  t h e  o p e r a t i n g  systems b e  a l lowed 

Should such  &n 

END OF SECTION 
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S e c t i o n  40.3: I n p u t  Data 

The VENTURE c o d e  b l o c k  d o e s  n o t  r e a d  d a t a  f rom c a r d s .  A l l  d a t a  f o r  

a c a l c u l a t i o n  must b e  p r o v i d e d  t h r o u g h  t h e  s t a n d a r d  . i n t e r f a c e  f i l e s  and 

t h e  s p e c i a l  i n t e r f a c e  f i l e  CONTRL d e s c r i b e d  i n  S e c t i o n  204.  

To s u p p l y  t h e  r e q u i r e d  i n t e r f a c i n g  d a t a  ~ a s e p a r a t e  d a t a  p r o c e s s o r  

must  b e  u s e d .  The ag reemen t  r e a c h e d  i n  t h e  code  c o o r d i n a t i o n  e f f o r t  was 

t h a t  all i n p u t  d a t a  would be p r o c e s s e d  by  a s t a n d a r d  f r e e - f o r m  i n p u t  d a t a  

p r o c e s s o r .  Alt l iough t h e  LASL s t a n d a r d  i n p u t  p r o c e s s o r  i s  i n  service a t  

OKNL, i t  i s  y e t  under  deve lopmen t ,  so  f o u r  s p e c i a l  i n p u t  p o r c e s s o r s  have 

been  implemented and  are i n  use l o c a l l y  and  are i n c l u d e d  w i t h  t h i s  f i r s t  

i s s u e  of the VENTURE code  package .  

i n p u t  p r o c e s s o r s  are used  unde r  t h e  l o c a l  d r i v e r .  A s e p a r a t e  document 

I a 

Appendix C d e s c r i b e s  how t h e s e  s p e c i a l  

acompanying t h i s  code  d e s c r i b e s  t h e  punched c a r d  i n p u t  r e q u i r e d  by  t h e s c  

p r o c e s s o r s .  A l t e r n a t i v e l y ,  t h e  s t a n d a r d  i n p u t  p r o c e s s o r  c a n  b e  u s e d  t o  

g e n e r a t e  t h e  r e q u i r e d  i n t e r f a c e  f i l e s  f rom c a r d s  i n c l u d i n g  t h e  f i l e  named 

CONTKL. The s p e c i a l  i n p u t  f i l e  r c q u i r e d  f o r  g e n e r a l  u s e  of t h e  a s s o c i a t e d  

c o d e  b l o c k  f o r  p r o c e s s i n g  m i c r o s c o p i c  c r o s s  s e c t i o n  f i l e s  c a n  n o t  b e  

g e n e r a t e d  by known v e r s i o n s  o f  t h e  s t a n d a r d  i n p u t  d a t a  p r o c e s s o r .  

I__-- 

a J .  C .  V i g i l ,  e t . a l . ,  "Sewice Nodules  f o r  V e r s i o n  I1 S t a n d a r d  I n t e r f a c e  
Data F i l e s  
(1973) (Upgraded t u  V e r s i o n  111.) 

USAEC r e p o r t ,  Los  hlaalox S c i e n t  i f  i c  L a b o r a t o r y ,  LA-5367-MS 

END OF SECTION 

... 
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S e c t i o n  405 : E r r o r  Checking 

An e r r o r  d i s c o v e r e d  i n  t h e  p r o c e s s  o f  c a l c u l a t i o n  is norrually f a t a l  

and i t s  c a u s e  i s  i d e n t i f i e d  by a n  e r r o r  message. A l s o ,  c e r t a i n  warning 

messages are p r i n t e d ,  as t o  i n d i c a t e  l a c k  of convergence i f  t h e  maximum 

number of i t e r a t i o n s  o r  t h e  al lowed t i m e  i s  2xceeded. 

The f a t a l  e r r o r s  are of  t h r e e  t y p e s :  t h o s e  encoun te red  i n  p r o c e s s i n g  

s t a n d a r d  i n t e r f a c e  d a t a  f i l e s  ( e r r o r  number 6 6 6 ) ,  o t h e r  i n t e r p r e t e d  

e r r o r s  ( e r r o r  number 555), and system d e t e c t e d  e r r o r s .  Hopefu l ly  t h e  

i n f o r m a t i o n  p r i n t e d  w i l l  a d q u a t e l y  d e s c r i b e  t h e  c a u s e  and c o r r e c t i v e  

a c t i o n  can  be  t a k e n .  

For a r i t h m e t i c  o p e r a t i o n s  where necessary, checks  a re  made For over- 

f l o w s ,  unde r f lows ,  and d i v i d e  b y  z e r o .  In a normal r u n ,  t h e s e  t y p e s  of 

e r r o r s  shou ld  n o t  o c c u r ;  i f  one  does o c c u r ,  i t  i s  deemed f a t a l ,  and t h e  

c a u s e  shou ld  b e  t r a c e d  and c o r r e c t i v e  a c t i o n  t a k e n .  

END OF SECTION 
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S e c t i o n  407-1 Implied C a p a b i l i t y  and Limited Implementat ion 

The i n t e r f a c e  d a t a  Eiles used by t h e  VENTURE code are t h o s e  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 a t t e m p t e d  t o  keep t h e  coding 

up t o  d a t e  w i t h  t h e  s p e c i f i c a t i o n s  th rough  t h e  p e r i o d  when t h e s e  were 

be ing  mod i f i ed  t o  s a t i s f y  r e q u i r e m e n t s .  We b e l i e v e  t h i s  irnplementation 

i s  a r e a s o n a b l e  one in t h a t  t h e  r e c o r d s  are  p r o p e r l y  r e a d  and w r i t t e n ,  

a t  least  compa t ib l e  w i t h  t h e  l o c a l l y  impl-emented i n p u t  d a t a  p r o c e s s o r .  

S t i l l  c e r t a i n  of t h e s e  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  

g e n e r a l  and o n l y  a sub - se t  of p o s s i b l e  a l t e r n a t i v e s  h a s  been implemented 

T h i s  s e c t i o n  a d d r e s s e s  t h i s  s u b j e c 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 -  

b l e  f o r  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  are g i v e n  f o r  each of t h e  f i l e s  

f o r  which r e s t r i c t i o n s  a p p l y .  

Files ISOTXS and GKUPXS 

The f i s s i o n - s o u r c e  d a t a  by n u c l i d e  may be  i n  t h e  form of vo ( 9 )  'x (g ig : " ) .  f 
The macroscopic  d a t a  i s  r e c a s t  i n t o  t h e  s e p a r a b l e  form v i  (g), ~ ( g )  w i t h o u t  

c a r r y i n g  the full group t o  group dependence. Both t h e  p r o d u c t i o n  t e r m  

(vC,> and t h e  d i s t r i b u t i o n  f u n c t i o n  ( x )  are  made zone dependent .  

f 

Only s i m p l e  b l o c k i n g  of  t h e  s c a t t e r i n g  d a t a  i s  assumed, n o t  c e r t a i n  

p o s s i b i l i t i e s  which could l e a d  t o  o n l y  p a r t i a l l y  f i l l e d  d a t a  b l o c k s .  

Ln a p p l y i n g  t h e  P d a t a  i t  i s  assumed t h a t  t h e  Legendre c o e f f i c i e n t  

2n -k l i s  c o n t a i n e d  i n  t h e  d a t a  and i s  no t  m u l t i p l i e d  i n  anywhere a long  

the p r o c e s s  of  c a l c u l a t i o n .  

1 

F i l e  GEODST 

0 0 A t  t h e  t i m e  t h i s  is w r i t t e n ,  30 and 90  t r i a n g u l a r  and (0-R-a) geo- 

metries have no t  implemented; w e  expect that  a la ter  release v e r s i o n  

w i l l  t r ea t  t h e s e .  The u s e r  i s  c a u t i o n e d  t o  r e f e r  t o  t h e  f i g u r e s  i n  

S e c t i o n  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 t h e r  o p t i o n s  are 

a v a i l a b l e .  Thus hexagonal  geometry i s  t r e a t e d  as shown i n  t h e  f i g u r e  

w i t h  t h e  X and Y c o o r d i n a t e s  a t  60' and l i m i t a t i o n s  o f  t h e  implementat ion 

u s u a l l y  r e q u i r e  f u l l  c o r e  t r e a t m e n t  when hexagonal  a s s e m b l i e s  a re  involved 

because  u s u a l  symmetry c o n d i t i o n s  can bet b e  r e a d i l y  r e p r e s e n t e d  a c c u r a t e l y .  
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The r e p e a t i n g  ( p e r i o d i c )  boundary  w i t h  t h e  o p p o s i t e  f a c e  i s  al.lowed only 

f o r  t h e  f i r s t  boundary  c o n d i t i o n  (IMBL), no o t h e r s .  The r o t a t i o n a l  sym- 

m e t r y  c o n d i t i o n  ( r e p e n t i n g ,  per:iodic? w i t h  t h e  n e x t  a d j a c e n t  f a c e  o r  

a l o n g  t h e  f a c e  i s  a l l o w e d  o n l y  f o r  t h e  r i g h t  boundary  of t h e  f i r s t  din~ren- 

s i o n  (LMBR) c a u s i n g  t h e  p o i n t  of r o t a t i o n  t o  b e  remote  from t h e  o r i g i n .  

No o p t i o n  which  c a u s e s  t h e  geometry  t o  h e  r e d u c e d  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 .ux a r r a y  would impact  many of t h e  i n t e r f a c h g  

d a t a  f i l e s ,  and a r e s o l u t i o n  of t h e  d i f f i c u l . t y  h a s  n o t  been  a d d r e s s e d .  

To bI.ank o u t  a volume of a problem,  a mater ia l  cail b e  a s s i g n e d  t o  i t  a l o n g  

with t h e  i n t e r n a l  b l a c k  a b s o r b e r  c o n d i t i o n  which  a p p l i e s  t h e  n o n - r e t u r n  

boundary  c o n d i t i o n  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  mater ia l ,  

File Search  ______._ 

The d i r e c t  c r i - t i c a l i t y  s e a r c h  p r o c e d u r e  i s  implemented f o r  LWAXNP --- 0 .  

In t h i s  c a l c u l a t i o n ,  changes  i n  macroscop ic  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  a re  i g n o r e d  c a u s i n g  the r e s u l t  o b t a i n e d  t o  have some d e g r e e  o f  

u n c e r t a i n t y ,  u n l e s s  NRCW (1) i s  made ' 0  t o  c a u s e  t h e s e  t o  b e  upda ted  

p e r i o d i c a l l y  a t  a computa t ion  c o s t  p e n a l t y .  I f  NKCH ( 2 )  i s  > O ,  a secon- 

d a r y  search w i l l  b e  done  when c o n s t r a i n t s  are  n o t  s a t i s f i e d  u n l e s s  ove r -  

r i d d e n  by I X  (11.) i n  the DTNINS r e c o r d  i n  t h e  CONTRT., f i l e ;  i t  i s  p o s s i b l e  

f o r  t h e  d a t a  t o  p r e s e n t  a neve r -end ing  c a l . c u l a t i o n ,  s o  care must b e  

exe-rcised i n  s p e c i f y i n g  more t h a n  o n e  set  o f  s e a r c h  d a t a ,  t h e  i n s t r u c -  

t i o n s  f o r  u s e ,  and t h e  c o n s t r a i n t s  f o r  a c c e p t a b l e  s o l u t i o n s .  

FIND OF S E C T I O N  
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Sec t ion  410:  Restart and Recovery Procedures 

A simple scheme i s  used t o  save  t h e  d a t a  r equ i r ed  and t o  access  i t  

f o r  restart of a neu t ron ic s  c a l c u l a t i o n .  On u s e r  r e q u e s t ,  a r e s t a r t :  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 s u c c e s s f u l  ex i t  i s  made from t h e  i t e r a t i o n  procedure.  Thus con- 

t i n u a t i o n  i s  allowed only from some well-defined s ta te  of t h e  c a l c u l a t i o n .  

This  s u c c e s s f u l  e x i t  can occur only i f  1) t h e  convergence 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  i s  

reached, o r  3 )  t h e  permi t ted  machine c e n t r a l  p rocessor  t i m e  o r  allowed 

t o t a l  (c lock)  t i m e  i s  exceeded. The d a t a  is saved p e r i o d i c a l l y  on a 

cyc le  of processor  t i m e  s p e c i f i e d  i n  t h e  CONTRL f i l e  i npu t  d a t a .  

The restart procedure i s  designed t o  e f f e c t  t h e  con t inua t ion  of t h e  

i t e r a t i v e  process  terminated a t  some po in t  i n  a prev ious  computer run .  

The gene ra l  procedure c o n s i s t s  of r e c a l c u l a t i o n  of c r o s s  s e c t i o n s  and 

equat ion  cons t an t s  from t h e  d a t a  i n  t h e  normal use 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  run i s  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  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 .  Some changes i n  t h e  

i n p u t  d a t a  are al lowed,  some w i l l  be  ignored,  and o t h e r s  w i l l  cause a b o r t ;  

gene ra l ly ,  no change i s  admiss ib le  which would cause changes i n  t h e  loca-  

t i o n s  of d a t a  i n  memory. 

The d a t a  saved f o r  restart c o n s i s t s  of one i t e r a t e  set 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  f o r  cont inuing  t h e  i t e r a t i v e  procedure,  bu t  no t  a l w a y s  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 e q u i r i n g  more than  one 

i t e ra te  f l u x  s e t  w i l l  e s t a b l i s h  only a f t e r  t h e  necessary informat ion  has  

been accumulated. 

For a usua l  restart, t h e  fo l lowing  are necessary ( see  f i l e  CONTRL 

i n  Sec t ion  2 0 4 ) :  

1. The special  restart data f i l e  m u s t  be a v a i l a b l e  from a previous 

computer run (normally on t ape  f o r  short- term s t o r a g e ) .  
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2 .  Restart  must b e  s p e c i f i e d  i n  t h e  u s e r  i n p u t  c o n t r o l  daca .  

3 .  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  i n c r e a s e d  t o  

a l l o w  t h e  d e s i r e d  convergence level  t o  be s a t i s f i e d .  

4 .  Complete daLa f i l e  requi rements  must b e  s a t i s f i e d  normally requi r i -ng  

a f u l l  u s e r  i n p u t  d a t a  deck ( t h e  s a m e  as f o r  t h e  o r i g i n a l  r u n ) ,  

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 

g e n e r a t e d  __I and saved by o t h e r  code block.s, t h e y ,  of c o u r s e ,  need not  

b e  r e g e n e r a t e d .  

I n p u t  d a t a  which can n o t  b e  changed because t h e  d a t a  storage l o c a -  

t i o n s  would be a l t e r e d  i n c l u d e  t h e  f o l l o w i n g ;  no te  t h a t  t h e  saved i t e r a t e  

f l u x  v a l u e s  will .  b e  used  f o r  t h e  restart. c a s e :  

1. Number of dimensions and energy groups.  

2 .  Number of mesh p o i n t s  along each c o o r d i n a t e  and t h e  number of 

material. cornposi.t:ion zones.  

3 .  Tne mode of d a t a  h a n d l i n g  d u r i n g  t h e  iterati-we p r o c e s s ,  and noi-mally 

t h e  number of i n n e r  i t e r a t i o n s  which al t:er:; t h e  use o f  d a t a  s t o r a g e .  

4 .  Basic probl-em type  should  n o t  b e  changed ( a s  from PI t o  Po, eigen-  

v a l u e  problem t o  s e a r c h  o r  a d j o i n t  o r  f i x e d  s o u r c e ) .  

General ly  t l t ~ t  p rev ious  procedure w i l l  b e  cont inued .  Thus,  t h e  

o v e r r e l a x a i i o n  c o e f f i c i e n t s  w i l l  b e  saved and used.  However, such b a s i c  

c o n t r o l  o p t i o n s  as of u s e  o r  n o t  of 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 s  may b e  changed. 

Although it. might b e  b e t t e r  ti:, s ta r t  t h e  probl-em o v e r ,  t h e  fo l lowing  

are allowed changes f o r  res tar t :  

1. Nucl ide assignnients  and  cone-entrations. 

2 .  Microscopic cross  s e c t i o n .  

3 .  T h e  geometry ( i f  both  are  o r t h o g o n a l ,  n o t  iE one i s  hexagonal o r  

t r i a g o n a l ) .  
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4 .  Boundary c o n d i t i o n s  exc luding  any change i n  t h e  assignment  of i n t e r n a l  

b l a c k  a b s o r b e r  p o i n t s ,  

5. The meshpoint spac ing  and t h e  assignment  of p o i n t s  t o  r e g i o n s  and 

r e g i o n s  t o  zones.  

Thus i f  a modest change i s  d e s i r e d  i n  any of the above d a t a ,  i t  may 

b e  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  v a l u e s ,  RTFLUX, provided that t h e  d a t a  in t h i s  f i l e  maps 

p r o p e r l y  in space  and energy .  Remapping i n  space i s  a l lowed;  i t  i s  assumed 

t h a t  a r e g u l a r  expansion of t h e  m e s h  p o i n t s  w a s  done  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  made. T h i s  a l l o w s  a many-point problem to 

be i n i t i a l i z e d  from a coarse s o l u t i o n .  

END OF SECTION 
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S e c t i o n  440:  Edi ted  R e s u l t s  

This  i s  a g e n e r a l  d i s c u s s i o n  about  t h e  i n f o r m a t i o n  e d i t e d  which 

documents each c a l c u l a t i o n  done by a n  access of t h e  code b l o c k .  T h i s  

d i s c u s s i o n  i s  o r d e r e d  i n  t h e  way r e s u l t s  appear  i n  t h e  o u t p u t .  B r i e f ,  

d e s c r i p t i v e  headings  i d e n t i f y  o u t p u t  r e s u l t s .  Major e d i t s  are  under 

c o n t r o l  of t h e  u s e r .  

Problem Details 

C e r t a i n  d e t a i l s  of t h e  problem d e s c r i p t i o n  are conta ined  i n  t h e  

i n t e r f a c e  d a t a  f i l e s  and are n o t  e d i t e d  by t h i s  code b l o c k .  The docu- 

menting e d i t s  would b e  done when t h e s e  i n t e r f a c e  f i l e s  are g e n e r a t e d  

w i t h  u s e r  i n p u t  o r  i f  a l i s t i n g  i s  made of t h e  f i l e  c o n t e n t s .  

Some of t h i s  i n f o r m a t i o n  i n c l u d e s :  

1. The geometr ic  d e s c r i p t i o n  i n c l u d i n g  t h e  l o c a t i o n s  of mesh p o i n t s  and 

material i n t e r f a c e s  and zone volumes. 

2. Boundary c o n d i t i o n s .  

3. Nucl ide c o n c e n t r a t i o n s  and a s s o c i a t i o n s  w i t h  c r o s s  s e c t i o n  d a t a .  

4 .  Microscopic  c r o s s  s e c t i o n s .  

5. C r i t i c a l i t y  s e a r c h  s p e c i f i c a t i o n s .  

P r e p a r a t o r y  Informat ion  

The fo l lowing  i n f o r m a t i o n  may b e  produced b e f o r e  t h e  a c t u a l  n e u t r o n i c s  

problem i s  addressed:  

1. Assessment of s t o r a g e  requi rements .  

2. S e l e c t e d  mode of d a t a  h a n d l i n g .  

3. Macroscopic c r o s s  s e c t i o n s  on o p t i o n .  

4 .  C e r t a i n  problem documenting i n f o r m a t i o n .  

5. The t y p e  of  n e u t r o n i c s  problem and i n f o r m a t i o n  about  t h e  inethod of 

s o l u t i o n .  
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_.._.I Iter .- a t i v  e Re-s-usts 

Each o u t e r  i .Lera t ion ,  i n f o r m a t i o n  i s  e x t r a c t e d  about  t h e  i t e r a t i v e  

p r o c e s s  and may b e  e d i t e d :  

1. The c a l c u l a t i o n  mode. 

2 .  Assessment o f  i n n e r  i t e r a t i o n  convergence. 

3.  Assessment o f  o u t e r  i t e r a t i o n  convergence. 

4. The maximum r e l a t i v e  f l u x  change from one o u t e r  i . t e r a t i o n  t o  t h e  

next .  

5.  Estimates of t h e  e igenvalue  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  

which dominates a s y m p t o t i c a l l y .  

6 .  Outer  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 .  

7 .  Actua l  e i g e n v a l u e  used  i n  t h e  c a l c u l a t i o n ,  

8. E s t i m a t e  of t h e  e i g e n v a l u e  of t h e  problem (the. r n u l t i p l i c a t i . o n  f a c t o r  

o r  t h e  s e a r c h  problem e i g e n v a l u e  o r  t h e  r e b a l a n c i n g  f a c t o r  f o r  f i x e d  

s o u r c e  probl.ems), g e n e r a l l y  determined f r o m  an o v e r a l l  n e u t r o n  b a l a n c e .  

I n  a d d i t i o n ,  i n f o r m a t i o n  about  t h e  i n n e r  i t e r a t i o n  behavior  may be 

ob t:ained as a h i g h e r  l e v e l  of e d i t .  

Swnmary -. 

Upon t e r m i n a t i o n  of t h e  n e u t r o n i c s  c a l c u l a t i o n ,  a summary o f  t h e  

resiilts i s  e d i t e d :  

1. 

2 .  

3 "  

4 .  

5. 

6 .  

Number of o u t e r  i t e r a t i o n s  done. 

The t e r m i n a l  c a l c u l a t i o n  mode. 

Terminal maximum r e l a t i v e  f l u x  change. 

E s t i m a t e  of the e i g e n v a l u e  of t he  outcr i t e r a t i o n  e r r o r  v e c t o r  which 

dominates asymp t o t i c a l l - y  e 

Informat ion  about  a c c e l e r a t i o n  parameters .  

The e i g e n v a l u e  o f  t h e  problem, o f t e n  t h e  m u l l i p l i c a t i o n  facttJt-. 
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7 .  R e l i a b i l i t y  estimates of t h e  m u l t i p l i c a t i o n  f a c t o r .  

8. Power l eve l  n o r m a l i z a t i o n s  

9 .  F r a c t i o n  n e u t r o n  l o s s  t o  t h e  s e a r c h  pa rame te r  f o r  c e r t a i n  c r i t i c a l i t y  

s e a r c h  problems. 

IO. C r o s s  n e u t r o n  b a l a n c e  ( e x t e r n a l  l e a k a g e ,  l o s s e s ,  p r o d u c t i o n  s o u r c e ) .  

R e s u l t s  f rom t h e  C a l c u l a t i o n  _I_---. 

1. 
2. 

3 .  

4 .  

5.  

6 .  

7 .  

8 .  

9 .  
1 0 .  

11. 

E d i t s  of t h e  f o l l o w i n g  a re  a v a i l a b l e  t o  t h e  a n a l y s t :  

Neutron b a l a n c e  d a t a  by ene rgy  g roup  and zone.  

Gross  n e u t r o n  b a l a n c e  data by energy group.  

P o i n t  n e u t r o n  f l u x  v a l u e s .  

Peak power d e n s i t y .  

Power d e n s i t y  map o v e r  s p a c e .  

Power d e n s i t y  t r a v e r s e s  through t h e  peak.  

Neutron d e n s i t y  map o v e r  s p a c e  (g iven  group v e l o c i t y  d a t a ) .  

Neutron d e n s i t y  t r a v e r s e s  th rough  t h e  peak I 

A d j o i n t  n e u t r o n  f l u x  v a l u e s  when c a l c u l a t e d .  

C a l c u l a t e d  a x i a l  b u c k l i n g  v a l u e s  by t r a v e r s e d  zone and group when 

r e q u e s t e d  on one o r  two p l a n e s .  

C e r t a i n  p e r t u r b a t i o n  i n f o r m a t i o n  g i v e n  s o l u t i o n s  f o r  b o t h  a r e g u l a r  

problem and ,in a d  j o i n t  problerri ( n e u t r o n  Lifetime g i v e n  group v e l o c i t y  
d a t a )  a t  t h e  macroscopic  c r o s s  s e c t i o n  l e v e l  (mic roscop ic  d a t a  i s  not  

r e a c c e s s e d )  . 

a 

Other  R e s u l t s  __ 
Other  r e s u l t s  may b e  produced by o t h e r  lllodules i n  t h e  system, such  as 

i n t e g r a t e d  r e a c t i o n  ra tes  and i n t e r p r e t a t i o n  ( a s  i n  a fuel c o n v e r s i o n  r a t i o  

c a l c u l a t i o n )  by t h e  r e a c t  i.on ra te  module. 

a 

f- issile and f e r t i l e  nuc1.i.des are  i d e n t i f i e d .  

An estimate o f  t h e  p r i m i t i v e  c o n v e r s i o n  r a t i o  i s  also a v a i l a b l e  when t h e  
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. ...... 

S e c t i o n  450-1: Sample Problems 

A s e p a r a t e  r e p o r t  i s  t o  be i s s u e d  c o v e r i n g  a number of sample problems 

s i n c e  a few are  i n a d e q u a t e  t o  check convers ion  t o  a n o t h e r  computer t y p e  

t h a n  used i n  t h e  development. 

Three sample probleins are p r e s e n t e d  h e r e .  The f i r s t  two w e r e  t a k e n  

from t h e  set o f  problems f o r  which r e l i a b l e  answers a r e  known and w e r e  

r e p o r t e d  i n  OWL-TM-3793, "Job S t r e a m  o f  Cases f o r  t h e  Computer Code 

C I T A T I O N . "  Thus, t h e  d e s c r i p t i o n s  f o r  t h e s e  problems i n  t h e  form of i n p u t  

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 i n v o l v e s  both  a n u c l i d e  s e a r c h  and a dimension s e a r c h  f o r  a f a s t  

r e a c t o r .  

Table  450-1 shows a l i s t  o f  t h e  i n p u t  Tor t h e s e  prohlems as t h r e e  

"s tacked" cases. The i n p u t  d a t a  are  processed  by t h e  LASL s t a n d a r d  i n p u t  

a p r o c e s s o r .  T a b l e  450-2 d i s p l a y s  i n p u t  d a t a  f o r  two of t h e  cases i n  t h e  

form r e q u i r e d  by t h e  s p e c i a l  p r o c e s s o r s .  

T a b l e  450-3 d i s p l a y s  s e l e c t e d  p r i n t o u t  from the computer run.  S i n c e  

this code is under  cont inuous  development,  the o u t p u t  shown may n o t  a g r e e  

one-to-one w i t h  numbers produced by t h e  code as i s s u e d .  However, t h e  

end r e s u l t s  s h o u l d  b e  i n  v e r y  c l o s e  agreement.  

I 

a I b i d . ,  p. 40.3-1. 
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VENTURE S a m p l e  Problem 1 ~. ...... ._... . 

" P e r i o d i c  Boundary i n  Theta-R Geometry,  Case A4 w i t h  Black  Absorbe r  

24X20X3 Groupg 1440 P o i n t s  S t ream of  CITATION Cases ORNL 72" 

This  i s  a n  e i g e n v a l u e  problciii t i 1  O K  geomet iy  which i s  a 180 0 seg -  

ment .  DIE t o  symmetry c o n d i t i o u s ,  t h e  problem c a n  b e  s o l v e d  wirh r c f l e c -  

t i n g  b o u n d a r i e s  by r e o r i e n t a t i o n  ( s e e  Case A I  i n  t h e  r e fe rc Jnce  r e p o r t ) .  

A s  o r i e n t e d ,  t h e  r e p e a t i n g ,  p e r i o d i c  boundary  c o n d i t i o n  i s  r e q u i r e d  t o  

a c c o u n t  f o r  n e t  l e a k a g e  a c r o s s  t h r .  s u r i d c e ,  t e s t i n g  t l h i s  below.  Along 

c o o r d i n a t e s ,  t h e  number of i n t e r n a l  mesh i n t e r v a l s  i s  shown for ~ a c h  

c o a r s e  i n t e r v a l  and t h e  s p a c i n g  i n  c e n t i m e t e r s .  

COAKSE MESH SKE'TCH OF VENTURE SA.MPLE P R O R L h N  1, 
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Note t h a t  t h e  macroscopic  c r o s s  s e c t i o n s  are  provi.tled i n  pseudo 

mic-roscopic  form t o  g e n e r a t e  an lSOTXS c r o s s - s e c t i o n  f i l e .  The noi-aa1 
n e u t r o n  f1.ux e i g e n v a l u e  proh1.em w a s  so1:ve.d and then t h e  adjoint problem 

u s i n g  k f rom t h e  n o r m a l  probLern. The problem w a s  sol.ved w i t h  al.1 

d a t a  s t o r e d  i n  t h e  computer rnemory w h i c h  minimi-xes i n p u t l o u t p u t  o f  rlT3t.a 

between m e m o r y  arid d i s c ,  

e f f  

_I_ VENTURE Sample Problem 2 .  

"3-11 ( X , W , z )  Buckl-irig Search ( O l d  Whirl-away Case) 

9 x 9 ~ 5 ~ 2  Group, 810 P o i n t s  Stream o f  CITh 'CLOX Cases 0 t . J ~  7 2 "  

Th.is problem t reats  one-quarf:t?r of a r e a c t o r  and irivol.ves t h r e e  

zones of d i f f e r e n t  compos i t ions  Again m a c r o s c o p i c  c ros s  s e c t i o n s  a re  

p r e s e n t e d  as pseudo m i c r o s c o p i c ?  b u t  here i n  rhe group-ordered f i l e  

GICIIPXS r equ i r i -ng  no p r o c e s s i n g  p r i o r  t o  use i.11 the VE2XUII.I.: code b l o c k .  

The problem is  a r t i f i c i - a 1  in t h a t  t h e  s o l u t i o i l  r e q u e s t e d  i s  t h e  

ei-genvalue of a buck1ing search, not usun1.l.y d i rec t1 .y  apIYI.-icable t o  

a tlirc.c.-d:i.mensi.onal problem. However t h e r e  i s  s imply  a n e u t r o n  1.0s~ 

ra te  equal. t o  DBT o v e r  the prob1e.m. 

in t h e  mu1 t i p l a n e  st.o_red r n c d p ,  -0.f.. d a tiandl.ing; and al.so the fo l lowir !g  

a d j o i n t  problem. F e r t L l r h a t i Q n  calcul .a t ions are a l so  clone imd space  

point: impor t ance  iiiaps are  p r i n t e d  , 

T h e  eignevalue prob.l.ein w a s  sol.vc:d - 
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VEN'L'UKE Sample Problem 3 .  

"2-D 17 x 10 - 5 GROUP SEARCH PROBT,EM 

PKLMARY SEARCH = N U C L I D E  ( D I R E C T )  - SECONDARY SEARCH = DLIIENSTON" 

T h i s  problem t reats  two-dimens iona l  {R,Z) geomet ry .  The i .nput  i n s t ru -  

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  nuc1:i.de 

c r i t i c a l i t y  s e a r c h  f o r  a m u l . t i p l i c a t i o n  f a c t o r  of 1 . 0 1  by  a d d i n g  a mix- 

t u r e  of  heavy  metal  (238U, 2 3 y P u ,  24"Pu) .  T h e  s o l u t i o n  i s  found t o  b e  

197% a d d i t i o n  of mater ia l ,  exceecli-ng the amount of material a l l o w e d  t o  
a t t a i . n  t h e  d e s i r e d  m u l t i p l i c a t i . o n  f a c t o r .  The i n p u 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%) s h o u l d  b e  added and 

t h a t  a s e c o n d a r y  s e a r c h  be  done  t o  a t t a i n  t h e  d e s i . r e d  s t a t e .  This second 

s e a r c h  i s  a dimensi-on s e a r c h  i n  which t h e  w i d t h s  and h e i g h t s  of  s p e c i f i c  

c o u r s e  m e s h  i n t e r v a l s ,  t h e  shaded  area shown i n  the s k e t c h  be low,  are t o  

b e  a d j u s t e d .  The r e q u i r e m e n t s  f o r  t h e  d e s i r e d  s t a t e  are  d e t e r m i n e d  and 

the a d j o i n t  problem is s o l v e d  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 ,  I n  

a d d i t i o n ,  n u c l i d e  r e a c t i . o n  ra tes  a re  produced  and p r i n t e d .  The g e o m e t r i c  

d e s c r i p t i . o n  of Lhe problem i s  shown below.  
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TABLE 450-9. INPUT FOB SAEPLE PBOBLEIS EN THE LASL STbblDARD 
I Y P U T  PROCESSOR PORIIAT. 

* 

(CONT) 
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5D 2.439430-1 3.26156.0-1 5.048977-1 0.0 3 R  

7 D  0.0 0.0 2.016-2 0.0 1.392-2 
OV G E O D S T  

0 - 0  2.9-3 7.16-3 

1 6 3 1 0 1 0 5 8  / 
3D / 

0.0 1.707963-1 1,570796 1.741 593 3-14 1593 
0.0 30.0 35.0 45,C 70.0 

4 f 3 4 8 /  
6 4 1 6 6 /  

7.685832+1 b,-ii+i 7 . 5 8 5 0 3 2 + 1  6 . 3 + 2  2.775439+ 1 2-27 592 
2,775434~ t 2 , 2 7 5 c ~  6,831859+1 5.6*2 6 .83185?*1  5.6+2 
2.4 55 19742 2.0 1 2 5 ~ 3  2.455 197*2 2.0 125+3  

0.0 3R C.4692 0.0 L R  0 - 0  2B 0.4692 / 

1 4 R  2 1 2 I 5B 3 4 H  

/ 

1.C-3 / 

2 1 1 1 /  

7 D  / 
( 1  4R 2 8R 3 YH 4 tJb) 6W ./ 
( 5  Y R  6 8R 7 YB H 8 8 )  4H J 
(9 4B 10 BR 3 1  4B 12 8E) 48 / 

(13 4 B  14 88 15  4R 16 8b) 6 R  1 
ov N D X S B P  
1B / 

2D / 
3 1 3 3 3 0  

( * Z Q N E l *  *ZOWE2+ *ZOblE3+) 2 8  0.0 6R 0 38 3 0 0 C 
( 1  2 3 )  2a  

3D / 

ov ZNATDB 
1D / 

2D / 

3.125352+3 5.55(3879+1 4.516035+3 1-0 3 B  1 3 R  

0.0 0 3 3 1 

1.0 0.0 0.0 0.0 1.0 0 - 0  0.0 0.0 1.0 
STOP 

E N D T N  PUT 
OV C O l T R L  
1D P E O X l S  / * 3 - D  ( X , P , Z )  B U C K L I N G  SEARCH (OLD YHIBLkYBl CASE) - 9 X 9 X s X 2  * RUNEZXWC 1 x 9  THE P L B b l E  STORED HODE - 4 PLAEES S T O E E D  * * *  4 0.0 74B 0 1 O O R  
ID DVRIPS 0.0 1OOB 5000  0 9 9 8  
1D X C P I I S  0.0 1008: Q 238 1 C 76R 
10 DTEJIINS 0.0 1.0 0-0 1 0 - 0  1.0 2R 0.09 0.0 3R 1.C-6 1.0-5 
0.0 88R 

f 0 1 1  0 2 R  0 1 2  0 2 4 0 3 8 R  
O ~ R  1 c 1 o i 3 a  50 o m  i s a  o 1 o I S R  0 2 ~ 5 1 1 0 3 ~  

1D * * o,a i o 0 8  o l o o n  
ov GxtaPxs 
ID / 
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2 3 0 1 0 3 1 8 0 0 0  1 1 0 0  
2D / * GRUPXS CROSS S E C T I O N S  FOR VENTURE S A B P L E  P R O B L E B  

f+ZCEIEI*  *20ME2* *ZOYE3*I 
1-0  0.0 0.0 2B 0.0 38 

4D / 
t4 *) 3R (*CPTtJXS+) 38  (* * 1  3 R  / 
0.0 38 6-25-13 2-5-11  0.0 0-0 3 R  0.0 3B 0.0 3R 0.C 38 0.0 38 / 
0 3 R  0 1 1 2 8  C 0 7 8  

2.222222-1  1.960784- 1 2,777778-1 
0.0 38 / 
4.0-4 5.0-4 5-2-4 / 
8.0-4 2.0-4 0.0 / 
5.0 2-E C.O/ 
1.0 ZR 0.0 / 

2,777778-9 2,943854-1 3,831416-1 / 
0.0 3 R  / 
1-55-3 3 - 8 - 3  8.0-3 / 
3 - 1 5 - 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 3 R  

5D / 

5D / 

7D / 

8D / 

7D / 

8D / 

OV GEODST 
ID / 

- 0.0 3.3-3 0.0 5-2-3 0.0 5.7-3 

1 4 3 3 1 3 a 1 9 ~ s t o o i o a i 5 t o o i  
0 5R / 

0.0 8-0 16.0 25.0 
0-0 18.0 
0,o 15.0 
4 2 3 /  
9 /  
5 /  

2160-0  2160-0 2430-U / 
0,01090Y5 / 
0.0 1.Ci30 1,0+30 0.0 1 ~ 0 i 3 0  1 . 0 i 3 0  / 
0.4692 / 
1 3 R  / 
1 2  3 /  

QD / 

5D / 

7D / 

7D / 

7D / 

( 1  4 B  2 2R 3 3& YB d 

( 1  48. 2 28 3 381 9E / 
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( 1  $ p l  2 28 3 3B) 9M d 
7D / 

7D / 

OY ~ ~ x : ~ ~ ~  
In / 

21) / 

( 1  4 B  2 2R 3 3 R b  9 8  / 

( 1  4R 2 28 3 38) BEa $ 

3 1 3 3 3 0  

( * Z O N E l *  *ZOWB2* *ZQ%&3*3 2 R  0.0 6H 0 3R 3 0 0 0 
(1  2 3) 2R 

2160.0 2160.0 2430.0 / 
1.0 1.0 1.0 / 
1 1 1  

ov Z l A T D N  
1D / 

m / 

30 d 

0.0 0 3 3 1 

1.0 0 - c  2R / 
0.0 1.0 0.0 / 
0.0 0.c 1.0 

ST I’, P 
ENDIN PUT 

ID PROXNS 1 * 2-0 17x10 - 5 G R O U P  S E A t l C S  PROELEEI 9 * PBII1ARY SEARCH = ~ ~ U C I . , L U G I L ) I R E C T I  - SECONDARY S E A R C H  = D I H E N S I O W  * 
* * *  * 0.0 7 4 k  0 1008 
1D DVRINS 0.0 1O0B 10000 0 99R 
ID X C P I N S  0.0 1ObE 0 3ir. 1 0 18H 1 1 0 76R 
ID D T I I N S  / 
0 - 0  3R 2 3 4 5 . 0  1.0 0 - 5  0.0 Y R  1 . O E - 6  5.OE-5 0.0 8 8 8  / 

O F  camR1 

0 3 R  1 3 A  0 3 8  7 U 9 i 3  35 O t 3 R  1 1  0 1 1 0  1 0  0 1 5 R  
0 0 5 1 1  O 3 R  1 0  1 1  O 3 R  1 2  O 4 1 R  

lil RRTINS 0.0 10OR 0 5 t l  1 0 0 0 1 1 1 0 1 0 E 6 R  
1D 4 4: 0.0 10OR c) 1 O D R  
Q V  ISOTXS 
ID / 

2D / * 5 GROUP LXFBR CROSS SLCTIOZi SET. * 
5 1 5 c u o 1 1 1  

*0 -16  * + h B - ? 3  * 4CB-U * *!4W-55 * *FE-M * *NI-N * *HO-l * 
*TA-ISl* +El-*235 *U-L3& 0 * P 8 - 2 3 9 *  *PU-2&0* *PD-24 14 *EU-242* 
+SSFP * 

0 . 9 5 5 0 3 7  0.238025 0.00693d 0.0 2R / 
2579.927 891.3213 324.5U34 109,3773 Q1.77161 / 
1.491822+9 8.2085Eo5 6.7-47YSE44 9 1 1 8 , 8 1 6  743.5183 1.OE-4 ./ 
0 3 6 9 12 15 l d  11 2 6  27 3 0  3 3  36 39 (12 

OD / 
40-16 * * f I T N X S *  * 3 - l b  * / 

15,86200 0.0 5R d 

1 2 3 2 2 /  
0 0 0  0 5 n 1 1 0 0 1 /  



1 5R 
5D / 

2.00 1 4 1 ~ + 0 0  3.538 I ~ O E + O O  3,53a899~+00 3,586474~+00 ~ . E L O ~ Q Y O E + O O  
0.0 0.0 0.0 0 - 0  5.0 
4.058659E-03 0.0 0.0 0.0 4,3884883-36 

2. l66470E+00 3.647594E+UD Y. 272870E-0 1 3. 4 6 3 l 2 0 E + 0 0  1,7593293-0 1 
4 - 122229E-07 3.56L880EtUU 1.30t1229E-0 1 3.677589E+OO 8, U42589E-02 

7D / 

43 / 
*NA-23 * +CITNXS*  *NA-%3 * / 

22.78600 0.0 5R / 

1 2 3 2 2 d  
6 1 1  0 5 R l l O L ) 1 /  

1 SR 

2.036469E+00 3.538750E+Ou 4-970730B+00 1,15U060E+01 3,132539E+00 
0 - 0  0.0 0 - 0  0.0 0,0 
1.786468B-03 5.14bUd9E-04 L094200E-03  3.2073102-02 5.816218E-03 
1,541630E-UE C.0 0 - 8  0 - 0  0.0 
2 ~ 0 0 0 0 0 0 E + 0 0  0 - 0  0.0 0.u 0 - 0  
7.550370E-01 213802502-01 6,9379993-03 0.0 0.0 

2 , 6 2 2 2 1 0 E + O C  3,7436COE+00 4.18SU79E-01 4,$57280E+00 1.324U3OE-Ol 
1.4 5 260 OE-0 4 1 * 4 t 484OE-0 1 3 .- OS4230E+OO 5-4 UW40 E-0 2 

5D 1 

7D / 

1- 609 309E+ 01 
4D / 

*CR-N * *CITRfXS* *CB-pI * ,4 
52 ,01000  0 - c  5 B  J 
5 0 0  O S H 1 ¶ 0 0 1 /  
1 2 3 u 5 /  

1 SR 
5D / 

t , 8 9 5 9 6 0 ~ + 0 0  2 . ~ 3 4 7 6 9 9 ~ + 0 0  ~ . o ~ ~ ~ w E + o o  I , ~ ~ ~ O E + O I  U . U ~ S O ~ O E + O O  
0.0 0.0 0.0 0.0 0.0 
3 - Y 8 2 5 9 0 E- 0 3 7 .) 5 485U8E- 0 3 1.2 578 20 E-0 1 

2,65U610E+50 3,67,?.379E+Uu 2-4051803-01 4,268359&+00 3.898390f-02 
6. '12E579E-03 1,L4339UE+01 1 -0W289E-01 0.0 4-7830793-04 
4,2963UUE+00 3.1229J;OOE-UL U.0 0.0 2.78596OE-05 

4 e 59 4 6 8173 - 03 1 .) 37 U 6 9 9 E- 0 f 
70 / 

QD / 
*fiH-55 * *EITNXS* * M N - 5 5  * / 

54.46600 0.0 58 d 
5 0 1  0 5 R 1 1 0 0 1 /  

1 2 3 4 2 /  
1 5R 

/ 
2 - 5 9  16U9Ei00 !ia235530E+00 I.Y56YIOE+Ol 6,231 1 6 O E t O f  i ,0026bOE+02 
0,Q 0.0 0 - 0  0.0 0.0 
~ , 3 3 4 4 0 9 ~ - 0 3  1, ~ ~ U ~ Y O E - O L  5 . 4 4 a 2 1 0 ~ - 0 2  ~ , ~ Y X ~ ~ Z I E - O ~  ~ . ~ C W ~ E + O O  
1.073100E-OU O a O  3,C 0.0 d - 0  
2*000000B+UO 0.0 0.u 0.0 0.0 
7.550370E-01 2.311025OE-Ql 6,937999E-03 0.0 0.0 

2,97U719E+GO 5.436890E+OO 4.2436803-01 1.396750E+01 1.851780E-01 
1-91  J90OE-02 7-d I7OO9O+Ul *.323420E-09 5.918 7663-03 5, ! 5 2 6 ~ l E - O U  

7D / 

ico IT) 
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1.468200Et02 1.011980E-01 
4D / 

*PZ.-% 4 *CITWXS* *kE-N 8 / 
55.84500 e - 0  5R d 
5 0 0  0 5 R 1 1 0 0 1 /  

1 2 3 4 2 /  
1 5R 

5 D  / 
2, I 6 8 O 9 O E + O O  3.4826902400 6.566 119E+OO 9.031090E+OQ 1.055570E*01 
0.0 0.0 0.0 0.0 orno  
2.5 1 9 8 50E- 03 5.252 499E- 0 3  2-0  568 30 E-0 2 

2,565539E+00 3.926530E+00 3.4193203-01 7.636373E+00 3.9YlllOE-02 
1.16 1280E-02 8.83‘40&9E+00 8,631974E-02 0.0 5.354248E-09 

1 9 4 6 3 8OB- 02 5.0714 9 1 0 E-02 
7D / 

i.047090~+01 6.575638~-02 
sa / 

*NI-R 4 *CITNHS* 4811-la * / 
58.70500 0.0 5 R  / 
5 0 0  0 5 R 3 1 0 0 1 /  

1 2 3 4 5 /  
1 5R 

2. 299829E+00 4 . 3 7 3 0 1 0 E + 0 0  1.7166C9E*01 1.5794603+03 1.63349OiwOl 
0 - 0  0.0 0.0 0.0 0.Q 
1.41 15162-02 9,023577E-03 1.7 1YYBQE-02 1.964660E-02 3.636980E-02 

2.7357149F+OO 4,6218892400 2,409970E-0 1 1. R3694gE+Ol  1.5926QOE-0 1 
5.383287E-03 I.SB9590E*01 9.36Y969E-02 0.0 5,3959hOE-04 
1.61 7560E+0 1 9.805 179E- 92 0.0 0.0 4.5692503-06 

5 D  / 

7B J 

4D / 
*BO-M * f C I T N X . 9  *PIO-81 * 1 

95.06600 0.0 5 R  / 
5 1 1  0 5 R 1 1 0 0 1 /  

1 2 3 3 4 /  
1 5R 

5 D  / 
3,6637792+00 7,0#5640E+00 7.328959&+00 
0 . 0  0.0 0-0 0.0 0.0 
2. 366135E-02 6.2YO75OE-02 2.1 12700E-01 
1.48565OE-03 0.J 0.0 0.0 0.0 

7.55 0370E-01 2.380 250 E-0 1 6.837999E-0 3 

4,577000E+00 8.479 19YE+00 8.571590E-01 
1.58 81 T O E - 0 2  5,6587 10E+00 3.783630E-02 

2.00000QE+OG 0.0 0.0 0.0 0.0 

TD J 

2 . 0 3 0 2 9 a ~ - o :  0.0 2.730729~-05 
4D J 

*TA-I81* *CfTNXS* *TB-ISl* / 
179. 3900 0.0 5R / 
7 1 1  0 5 R 1 1 0 0 1 /  

1 2 3 3 2 /  
1 5R 

4 . 1 3 7 7 . 3 O E + O O  6.566 1 6 0 E + U O  1.0750 10E+01 
5D / 

7.57’1429E+t?O 1.323520t?+01 

1.5 18339E +00 3.2 4844 49 e+OO 

a,o 0.0 

7.315180E400 7.333905B-02 
8,116 6 I 8 E - O Q  9.642 I59E+OO 

1.687 169E+O 1 2.&70959E+O 1 

(CO IT) 



4SO-13 

. .. 

0.0 0.0 0.0 0.0 0.0 
7-64 a069'~-02 2.8437 5 9 9 ~ -  01 ~ . ~ w ~ ~ o E - o I  3.22442omoo 6,8663403+00 
3 , n 3 6 9 0 ~ - 0 3  0.0 0.0 0.0 0.0 
2,000000E+00 0.0 0.0 0.0 0.0 
7.550370E-01 2.380250B-01 6,9379993-03 0.0  0.0 

5.0532893+00 7.2779803+00 1,3O0570E+00 1.0426403*01 1.37964OE-0 1 
2,069130E-02 1.451040E+01 7,560796E-02 1.500330E-03 2,OC3560E+01 
3 -95  69 10E-02 

7D / 

4D ,' 
*U-235 * *CXTNYSr *U-235 * / 

233.0250 3. 14BIUOE-ll 0.0 4 8  / 
1 1 1  0 5 1 1 1 0 0 1 /  

1 5R 

4,7605OOE+OO 8,222549E+00 1.359530E+01 1.9143 19E+01 3. ?80229E+01 
090 0.0 0.0 0.0 0-0 
6,753063E-02 2.9533963-61 8.323O02E-0 1 2,3UO739E+00 6. 'I l4t93E+00 
1.276UO9E+OC l.U22770E+00 2,3975392+00 5.349660E+00 1.4 3335DE+O 1 
2 . 66 7859E+00 2. U57 879E+ 09 2 ,  B 3  33 79E +00 2.4303tlOE+00 2-4 30070E+00 
7.55037OE-01 2.3BOL50E-01 6-9379993-03 0.0 0.0 

4.856970E+00 7,983669E+00 7,7498lOE-0 I I,OS1980E+01 3,128620E-01 
6,262079E-03 1.135630E+Ul 3,006 150E-02 6.019380E-04 1. 37291QE+01 
1-93 125OE-C2 2,0765503-05 

1 2 3 3 3 /  

50 / 

7D / 

4D / 
w - 2 3 8  * *CITBXS* *u-238 * 1 

236.0060 3,162530E-13 0.0 4 B  j 
2 1 1  O S R 1 1 0 0 1 /  

1 5 R  
1 2 3 & 3 /  

5D / 
4,846760E+00 8.571039E+00 1.344970E+01 1,7681P9E+Ot 1.850230E+01 
0.0 0-0 0.0 0.0 0.0 
8,4575952-02 1,702 173E- 03 U, 804530E-01 9.7356503-0'1 1,3E1539E+OO 
3,3460202-03 2.3765~0E-04 0.0 0-0 0-0 

7,550370E-01 2,380250E-01 b. 9379993-03 0.0 0.0 

4.98 89 1OEiOO 3.002520E+Ol 1-8  1 @430E+QO 1.3256?0E+O 't I. 39570E-01 
4,470390E-02 l,b98053E+01 U.llO79OE-02 5.t52000E-OU 2.0626603*04 

2.786519&+OO 2.466435S300 0.0 0.0 0-0 

7D 1 

i . a 3 a 3 7 9 ~ + 0 1  1.837940~-02 3,887 15013-04 
4D / 

*PU-239* *CIl?'wYS* *PU-239* / 
236,9990 3 . 2 5 8 6 0 0 E - f l  0.0 9 R  / 
I l l  0 5 % 1 1 0 0 1 /  

1 5R 
1 2 3 3 2 J  

5D / 
4-95  s 3 0 9 ~ i o o  8.7 18 1 ~ O E +  00 1.4 179303 + o i  I. 948 I I ~ E + O  J 3.27 19 59E+O t 
0.0 0-0 0 - 0  0,o 0.0 
1,859965E-02 1.703405E-01 5.475597E-0 1 1.7588302+00 5,3C5810E+00 
1.88 307QE+OO 1.5446293+00 1,75?3650E+OQ 3,520470Et00 9,376289E+00 



450- 14  

3.15967OE+OO 2.903330E+00 2 .874129E+00 2.070W?9E+00 2.8700hOE+O0 
T.SSC370E-01 2.380250E-01 6.937999E-03 0.0 0.0 

4,755099E+OQ 8.660600E+00 b.977940E-Cl 1.152080Et01 5.97833QE-02 
1.40389OE-02 1 .L28110E~Ol  5.996540E-02 1.3936502-04 1 .321710E+01 
2.247640E-02 

7D / 

4D / 
*?U-2&0* * C I T N L S *  *PU-240* / 

237.9900 3.282709E-11 0.0 4 R  / 
2 1 1  O 5 R 1 1 O C I 1 /  

1 5 R  

5.054469E+OC 8.6C4 n 7 0 E +  00 1.3 7 1420E + O  1 1.888 170~+0 1 2. 4 18489e+O 1 
0.0 0.0 0.0 0.0 0.0 
9.u90967E-02 2.OY9.3btiE-01 5.8267 TiOE-01 1. 765706E+OO 5,535501E+OO 
1.54 3460E+00 2.3L784i)E- 0 1 1 - 00E230E-01 8.24824OE-02 5.786900 E-0 2 

7.550370E-01 2.38025OE-01 6.937999E-03 0.0 0 - 0  

4.94~4110E+00 1.004 1 U 0 B t O l  9, 152250B-01 1.332420E+01 9.741586E-02 
1.6 1 7920  E-02 1.696 7UDEt 0 1 3.657 120E-0 2 4,508 259  E-05 1.0 9 1320E- 04. 
1.92 114OE+Ol 3.2377bUE-02 1,642760E-05 

1 2 3 4 3 /  

5D 6 

3, 146529E+00  2 . Y 3 5 ¶ U O E + 0 0  L . 8 7 4 2 6 0 ~ + 0 0  2.8706U9E+OO 2,87007OE+OO 

7D / 

4I.J / 
*PU--241+ *CTTNXS* *PII -Ll i l*  / 

238.5780 3.30530OE-31 U.0 4R / 
1 1 1  0 5 R 1 1 0 0 1 /  

1 5 8  
1 2 3 4 3 /  

5D / 
S .  101(230E*00 8.643849E+OU 1.269630E+G 1 1.976459E+01 3,76'7Q90E+O 1 
0 .0  0.0 0.0 0.0 0 * 0  
2.658953F-02 2.172995E-01 6.064100E-01 1.658990E+00 5.6 14212E+00 
1.703650E+OC 1.86996OE+OO 3,036860E+00 6.6539505;+00 1.955859E*Ol 
3.25694.OE+00 3.0056 1YB+00 2.9 732BOE+00 %.969489E+00 2.969060'F:+ 0 0  
7.55037CE-01 2.380250E-01 6.937999E-C3 0.0 0.0 

4 .529670E+00 7.&73819E+00 1,165U109E+00 9.11399OE+OO 3. lS@OlaOE-0?  
7, 922946E-02 '1.127 490Et01 '4.14953OE-02 5.656999E-03 2.550660E-OQ 
1.299900E+O 1 2.077 5bUE-92 1.39 1030E-li3 

7D / 

4D / 
*PiJ-242* + C I T N X 5 *  *PU-242* / 

2U0.1450 3.27620OE-33 0.0 4R / 
3 1 1  0 5 R 1 1 0 0 1 /  

1 5R 

4 Q9 3T?9E+00  7.721 160E+Q0 1.14 16950E * O  1 2 ,093379E30 1 2.8 6 6  119)Za-01 
0.0 0.0 C.0 0.0 0.0 
4, 164982E-02 1.358470B-01 4.5161532-01 1 .535050Et00  5.9CC309E+00 
1 .453560E+00 1.39823OE-01 4,632320E-02 0.0 0.0 
3.122800E*O0 2.885630E+QO 2.812289B+OO 0.0 0.0 
7.550370E-01 2.380250E-01 6.937999B-03 0 - 0  0-0 

1 2 3 2 3 /  

5D / 

7D / 



450-15 

5.05 1700E+U0 9.356939E+00 6.037650E-07 ?.433580E+Of 1.291580E-01 
1.09224OE-02 1.935dIOE+01 4.589530E-02 2.431760B*01 3,522350E-02 
6.624369F-05 

QD / 
*SSEP * *CITIXS* *SSFP * / 

161.0000 0.C 5R / 
4 0 0  0 5 R 1 1 0 c ) l /  

1 5R 

3 .5637502-02  1.373830B-03 3 .7  lh339E-01 9,294800E-01 3.085389E300 
0.0 0.0 0.0 0.0 0.0 
3.680390E-02 1.U09680E-01 3,711360E-01 9.28332Q.E-01 3>13091PPE+00 

0.0 0.0 0.0 0.0 O,Q 

1 1 1 1 1 /  

5D / 

7 D  / 

OV GEODST 
1D / 

3D / 
0.0 1 2 - 4 8 2  4 i . Q S L  57.482 77.912 98.659 113-899 / 

7 8 16 1 6 3  1 1 7  10 1 I 2  2 1 2 2  l h  I 0 0  1 0  5B 

0.0 12-24  30.34 56.06 / 
2 3 5 R /  
3 3 4  

50 / 
5 9 9 1 . 0 0 4  63405.07 57658.88 106365.1 140865.9 124564.3  8859.246 
9 3 7 6 2 . 2 5  85263.5  1 5 7 F 8 t l . L  208306.b 184200.5 22588.94 133235.6  
7 2 7 1 5 9 - 0  223505.7 29b00L2 ,b  261747.9 / 
0.0 1 
0.0 0.4692 2R 0.0 0.4bY2 2R / 
0 . 4 6 9 2  / 
1 8R / 
7 f i R  3 3 R  4 6 8  1 3 h  2 5 8 /  

( 1  1 2 JR 3 38 4 J R  5 JR 6 3 R )  38 / 
( 7  7 8 38 9 311 10 3R 1 1  3R 12 3R1 38 / 
(13 13 14 3R 15 3h 16 3 R  17 3R 1 8  3 8 )  Y R  / 

7D / 

OV N D X S R F  
ID / 

2D / 
I5 u 'Iu 15 t) 4 

( * e 1 6  * *IA-23 * *CR-EI * *aN-55 * *PE-N * *NS-N * *FIO-W * 
*TA-f81* *U-235 * *U-23t, * *P0-239* *PU-240* *PLI-24 1* *PU-242* 
*5SPP * i 2R / 

0.0 1 5 R  / 
1 5 . 6 6 2  22.786 52-01 54.466 55 ,845  58,705 95,065 179.39 233.025 

0 6  5 5 R  7 1 2 ¶ 2 1 3 4 /  
( 1 4  0 3 B ]  38. 7 0 3B / 
1 2 3 4 5 6 7 8 1 0 1 1  1 2 3 3 1 4 1 5 /  
f l  2 3 4 5 6 7 8 9 10 I 1  12 73 151 2R /' 
2 3 4 5 0 7 8  O 7 B /  
3 2 3 4 5 6 7 8 5 9 1 0 1 1 1 2 1 3 1 4 /  
( 1  2 3 4 5 6 7 8 9 10 1 1  BL 1 3  0 14) 2 R  1 
0 1 2 3 4 5 6 7  0 7 8 , '  

235.006 236.999 237 ,990  236.978 ~ 0 - 1 4 s  161 .0  / 



450-  16 

3D / 
266983.6  223505.7 ld7l3b4.9 157288.2 296002.6 208306.6 498851.2  
445948.4  / 
1.0 0.0 1 - C  6R / 
55836.42  4R / 
1 0  3 4 R 4 4 /  
2 IrB / 
2 4R / 

O V  ZWATDN 
1D / 

2D / 
0.0 0 12 14 1 

1.80U8OOE-02 8.Lld59dE-b3 L.945900E-03 4.325500E-U4 1.13YBOOE-02 
2.018700E-03 5.18f343&E-04 5.26  1999E-05 7 .179096E-03 9.96070UE-04 
2.896199E-0U 2.79690UE-05 7.217899E-06 5.223998E-04 
0.0 l l r R  1.804800E-02 / 
8.21 e598E-03 2.345903E-UJ 4. 325500E-04 1.134900E-02 7.078900E-03 
5.  186498E-00 5-261Y99E-05 1.124799E-05 8.59639EE-03 I .  841500E-OU 
6. 197200E-06 9.999999E-lo 4.5 15 100E-05 1.804ROOE-02 8.2 18598E-03 
2.945900E-03 4,3255ODE-04 1. 1349OOE-02 2.0787OOE-03 5.1EE498E-04 
5.26 1999E-05 2,12474YE-05 8.596338E-03 1.8415003-04 6, YW200E-06 
9.999999E-16 U.515100E-05 1.8C48COE-02 R.218598E-03 2,945900E-03 
4.3255OOE-04 1.13490QE-UL L.078700E-03 5.186498E-014 5.2E1999E-05 
2,124799E-OC 8.596398E-05 1.841500E-04 6.1972003-06 9,999999E- 16 
4.515100E-05 1.B04b00E-0L 8,218598E-03 2.9459005-03 9.325500E-OQ 
1.334900E-02 2.078700E-03 5. 186498E-04 5.261999E-05 2. 124799E-OS 
8.596398E-03 1.641500&-04 6.1972OOE-06 9.999999E-16 4.5 15lOOE-05 
4.359998E-03 1.149600E-OL 1.688000E-03 ‘4,4288003-02 8 ,111998E-03 
2.024000E-03 9.Y99999E-16 / 

0.0 7R 4,35999EE-03 1.1496003-02 1.688000E-03 
4.42 R8O0E-02 8 - 1 1  19982- Ud 2 . 024000E-03 9.9999993-16 

8.218598E-03 2,945900.E-03 4.325500E-04 II.13Y900E-02 2.078700E-03 
5.18 6 49EE-0 U 5.. 261 9 9 9  E-05 2.1 2 Q l Y 9  E-05 0 -596 39 8 13-03 1.8 4 I500 E-01, 
6.391200E-06 9.9999Y3d-15 b.515 100E-05 I.BO4800E-02 8.218598E-03 
2.945900E-0 3 4,315500E- 04 1. 134900E-02 2.078700E-03 5. 186498E-016 
5.26 1999E-05 7 -  l2479YE-05 8.596398E-03 1.841 5005-OU 6.197200E-06 
9.999999E-16 4.515 IOQE-05 1.804800E-02 8.238598E-03 2.345900E-03 
4,325500E-OU 1.134900)E-OL 2,0787003-03  5.186498E-04 5.261999E-05 
2, 1 2 4 7 9 9 ~ - 0 5  8.59b398E-03 1.8415COE-04 6.1972OOE-06 9,999999E-16 
4.51 5100F-OS l.ki048UOE-02 8.218598E-03 2.9‘459003-03 4,3255002-04 
1.134900E-02 21076700E-03 5.186498E-04 5.2619993-05 2, 1216.799%-05 
8.596398E-03 1.8415UOE-UU 6.197200E-06 9.999999E-36 4.515100E-05 

0.0 T R  I . ~ ~ ~ ~ O O E - O L  / 

O V  SEARCH 
in 

7 2 0 188  / 
2D / 

1.01 0,O 0.00005 0,001 0.0 6R / 
9 0 0 0 3 R  3 1 2  0 0 0 8 O 1 7 R /  

1 2 /  
5D / 

*U-238 * *PU-240* *PU-L38* / 

ID / 
0 , 0 0 0 1  C - O C O 2  0.0003 

(COWT) 



450- 17 

8 2 0 18R / 
2D / 

1.01 0.0 C.00005 0.001 '3.0 6 R  / 
5 0 7 4 3 f D 0 2 0 0 0 O ? B R /  

30  / 
1.0 1.0 1.0 1.0 0.0 0.0 / 
0.0 0.0 0.5 / 
0.0 
ID / 
- 3 0  0 19R/ 
STOP 
EN D I N  PUT /* 
N 

... 



Ti tBLE 450-2- l l P U T  FOR SABPLE PROBLEBS 236 T H E  S P E C I A L  
I N P U T  PROCESSORS FORHAT. 

// H S G L E V E L - [ l .  1) 
/*ROUTE FBShT EOLAL 
/ / S T E P  E X E C  PE14TUREX. 
// A B  I= 3. NB221. B1=3520,BL-=1536O8RH=2 .WS-SO,Ml = : O O  
// N2 =4 N3= $ 3  . NU= 3 e N5=6. ti6= 10 . NT= 1, N A =  B ~ N 9=2. E3 li 0 =2 * N 1 1 = a  % 1 2 ~ 5 ,  N 13-2 

// PARE. FORT=* N O D b C K . t i O L I S T , I D  .QPT;Z .MOSOONCE ~ N O X R F B ,  NOKBPP 
// RE@ION.GO=3lOK 
/ / F O R T , S Y S I N  DD * 
/* 
//LKE D, B V D  $1 VE H DD U H L T = J I  1 4  . VO C U B E =  SER= 2x222 2 .D I S P=S & R 8  
// DSNAWE=TBF. BOLD, B E I T ' J H L  B B K V E R  
/ / L K E D . S Y S I N  D D  * 

I N C L U D E  BVDBIVER 
/" 
/ / G O .  X P X X I X X X  D D  UNIT-23 14,  VUL-SERIZX2222 UTSP-SHR. 
// D S N A B E = T B F .  BCLD, \IENT[lRB 
/ / G O , Z T 9 9 F 0 0 1  ED iQ 

// k3u=1.HOS=10. 

V E N T U R E  S A f l E L E  P B O B L E f l  H U N  - USING THE S P E C I A L  INPUT POCCESSORS,  
15000  

DC flAC H 

C I T A T I O N  P A C R O S  T O  PIXCBOS. 

2 2 6 2 7 . 2 2 6 2 7 0  

3 

00 8 
3 1  

1 

1 

1 

2 

2 

2 

3 

3 

3 

0 

0 
1 

0.0 
2 

0.0 
3 

c.0 
1 

0.0 
2 

G.0 
3 

0.0 
1 

0.0 
2 

0.0 
3 

c. 0 

0.6 u.4 

0 - 0  
0.0 

0.02864 
0.04295 

0.1132 
0 - 0  

0.013 
0.0 

0.c08 
0.0025 

0.0 
0.0 
0.0 

c.0024 
0 - 0  1392  
0.00716 

0.0 

0.0 

0.0 

0.00755 

0. I o m  
0.0 

0.0 

0.0 

0.0 

0.0 

0.8 -1  3 

1.0 .- 1 2 

EN D I N  PUT 
DC HSP R 

1 1 1  



450-19 

3 
ZONE 1 
Z O N E  2 
ZONE 3 
EY DIN PUT 
DYENTR 
00 1 

0.0 

0.0 
1 

1 1  

8 3 3 1 2 1 1 3 0 3 1  
00 3 

0.00 1 
0.0 0.0 0,4692 

2 
00 Ir 

4 1709463 0 1.4 4 .17C7¶63 8 1-u 
6 3 0 - 0  4 5.0 u 10.0 5 25.0  

1 1 1 1  
2 1 2 1  
1 1 1 1  
3 3 3 3  

01 2 
0 
1 3 1 1 1.0 
0 

011 3 

00 5 

5. - I 4  

1.36875- 1 3  

5, -15 

6 - 2 5  - 1 u  



450-20 

0.0 11.0 
3 1 1 .L 

0.0 0 . ~ 0 6 7  
3 2 0.37 

0.0 0.U 
0 

1.0 
EN D I N  PUT 
DCHSP R 

1 1 1  
- 

2 0  NE 1 
ZONE2 
20 NE 3 
EX DIN FUT 
DVENT R 
00 1 

0 - 0  

4 1 0 
1 1 1 1 7 1 1 1  

14 I O  0 1 0  b 1 
0.0109045 

00 3 

00 4 
4 8.0 2 d .  U 
9 18.0 
5 1 5 - 0  

1 1 1  
00 5 

00 6 
2 
5 6 1 9 1 5  
3 
7 9 1 9 1 5  
0 

01 2 
0 
1 3 I I 1.0 
0 

O t  3 
3 
3 

ZONE11 Z O N E 2  Z O N E 3  
02 0 

Z O N E 1  1.0 

ZONE2 1.0 

Z O N E 3  1.0 

E B B I N F U T  

1 1  

2 2  

3 3  

0 

o.aoc52 0.0 

C. 008 0.0 

1 

10.0 

0.09 
0 0 50 
0 0 1 1 2 4 1 1 1 1 c 2 1 5  

0 0 0  

3 9.0 



TAELE 450-3 SELECTED PRllV~OiPI' FGB S.L?LE PROBLEYi 

**********BEGINNING BOLD VENTURE RUN - D R I P E E  I N P U T  FOLLOWS 

****1+++******4$***BOLD VEN'f0RE R O B  - SARPLE FbCELE~S******************* 
15000 0 0 0 3 0 0 0 c 0 0 c 1 0 0  

1 6 7 1 7 1 6 7 9  

***STAND-ALONE OPERATION NOT REQUESTED. 

*****+*+r+*t+***,********A~C~SSI~G KODIJLE NUMBER 6 - HODULE l A E E  = VENSIGPR - ON X X X X f X X X * * * * * * * * * * * * * * * * * * * * * * * * *  
ELAPSED CPU T I R E  = 0,044 R I N U T E S  - BLAPSEB CLOCK IIFE = 2 . 0 0 1  CINUSES 
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* c
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D
 

P7 
15 

c3 
2z 
M
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W
 

v
 

8
1
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E
 

* * * * c
 

x 

e
 

w
 

m
 
0
 

E
1
 



Z T V Z  
1 

3 
4 
5 
6 
7 
8 
9 

10 
11 
l i  
43 
14 
1 5  
7 6  
17 
18 
19 
20 
21 
22 
23 
24 
2 5  
26 
27 
28 

- PRC( 
0 
0 
0 
C 
i) 
0 
C 
0 
0 
c 
a 
0 
2 
0 
0 
n 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 

L 

ICYF O C V R  F L U X  C H B N C E  
1 1 
4 1 
1 0 
0 1 
0 6 
0 c 
u 0 
9 0 
9 C 
c 0 
0 0 
0 0 
0 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 

1 0 
0 0 

C e 

f?fJ-€?&R f3li-l CU-LCSS ACCELEGXTION P R R R 4 E I B R S  K-USED X-CALC 
C - 6  0.3 
0 , 2 6 9 7 6  lr9.88192 
0.46ClC 2 . 3 4 5 6 2  - 
0,503U9 1,20529 
0 .62640  0,9i)Y18 - 
0.6073E 0.7Y97U 
0.74C.65 0,3655F 
0 . 7 5 i b E  0 , E 4 2 3 6  
0.75F4F 0 . e i 7 i :  
0,77394 0 .82749  
0.78393 0 .82723  
0.79267 0.8262iE 

0.0 0 - 0  
0,92965 C.79895 
0 ,62334  0.50376 
0.6U93t 0.6Q42f 
0.59219 C . 6 9 3 Z B  
0-698CC 0,71C'i6 

0 , 7 9 7 5 6  o . 6 i i a i  

.- 
0.71135 0.71296 
0,72715 C.73540 
0,74Ct4 0 .74695  
0 . 7 5 5 9 5  0 , 7 5 3 9 3  
0 , 7 6 5 2 3  0.76691 
0.7746E 0.77251 
0 .78039  0.97995 
0.0 0.0 
5.75111 r ' , , 7 j ?99  

C.0 
0 ,36629  
0,46810 
? ~ 15759 

-4.65745 
1 . 3 7 7 2 2  

-0 .49570 
3 . 2 8 9 9 7  
& * 3 5 1  03 

- 7 . 2 5 9 5 8  
9 .I 271 48 

-i 5.37752 
1 , 7 Q 7 9 6  
0.0 
c.04575 
1 a 6 3 1 5 5  
1.59114 

-6 ,29957 
3 .48292  
7 .71933  

28 ,04617  
'3.9?3?0 

3 6 . 6 1 2 7 8  
7.847?5 

15.413?r, 
11 9 5 1 5 0  
0.0 
0 ~ 0'22 32 

0.0 
0.0 
0.0?63? 

-0 .06073 
2 .39972  
0.11571 
1 * 34467  

-0,17417 
-2,3039 3 

7 . 6 5 3 1 3  
-4,17446 
-9 .69125  

0.c 
0.0 
0 .04762  
0 .63191  
0.113010 
4.80035 

-0,7 59 5 2 

-17.0668 1 
-4 .2Y545 

-23 .38958  
-3.31761 
-9.16658 

-3,505ao 

0.0 
0.0 
0 .08723  

1. ooco000 
0.61 I 7 3 7 0  

0.5996553 
0.60 36170 
0.6058'1'36 
0 .6672123  
0.6082762 0 . 6 0 9 ~ e 9 9  

0.6097303 
0.61 C 1  935 
0,61 05658 
0.61 08607 
0.6120140 
0.6149999 
0.6119943 
0. 61 1 9 8 9 3  
(1.61 19860 
0.611983f 
L 41 598 21 

0.6119799 
0.61 19791  
0.6119786 
0 ,6119781  
0.61 19778  
C-6119765 
0.61 19165 

o . w e 7 1 2 8  

c. 67 79808 

0.6147370 
0.5981128 
0.5996553 
0.6036770 
0.6058796 
0.6072123 
0.6082762 
0,6090899 
C * 609 9 103 
0.6101905 
0.6105658 
0 I 6 t 086 37 
0.6110931 
0 6 11 9999  
0.6319943 
0,6979893 
0.61 19860 
0.6 11 98 33 

0.61f4PBB 
0.6119799 
6.6119791 
C,6119786 
0.6119781 

0*5119?75 
0 , 6 1 ? 9 ? 6 5  
9 ,61197  65 

c . 6 1 1 9 ~ 2 1  

c, 611977e 

P I I k L  CAKCUIR'?EI: KZFFECTIPE DaE1797b5 
WJ LT r eLI c AT I c w F E L I p. E zt ITP E s T I E AT c R s 
BY THS SUW OF IRE SQUARPS OP TH? RESID 027------------------------- 0 .6319163  
UPPEP a u r  LO WE^ EorJNrS T s T I * A T E s  e %  T A X  F E L  F L C X  C N ~ H G E - - - - - - - - - - - -  0,6119Y8? 0 .6119750  
UPPPS A r i C  LOWFh E O U N S S  FSTIOIATES C V B R  A L L  S I G # I F I U A I T  PCItiTS------- 0.61 19865 0. 5 1  79692 

c 
in 0 
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ADJOINT PROBLEB FOLLOYS 

PBOC=O11,2.3,4-ff ORH AL .CREBTSREV, SE REX, DEfl EX, SE REXP, 
u IRHEXS HIN, 4 I’RHSRS m i  - C ~ E B I C H E P  BETA C N  CUTER: 

ICV F=O, 1-1 ES , NO Ih’ NFRS CON Vi(. Oi VR=O, 1- TSS ,?dC OUTE RS CG N V  3. 
PLUX C H P N G Z  ‘lU-EAB flu-? P U - L C S S  A C C E L E R A T I O N  PARAYE‘IERS I T E R  PRCC I C V h  O C V A  

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

10  3 0 0 
11 0 1 0 
12 0 0 1 
1 3  0 0 0 
14 C 0 0 
15 3 0 0 
16 0 1 0 
17  0 0 1 
18 0 0 0 
19 0 0 0 
20 0 0 0 
2 1  0 0 0 

1.00698C C2 
6.89702C 01 

2.7 4476 E- 01 
1.05296C-01 

-9.16561 E-02 
-5.28908 t -02  - 3.7 7 056 E- C2 .. 2.8 84  17E- C2 - 1.06677C-07 
-3.09897 t -C4 

7.11842C-04 
-6.74366C-04 
-5.6 ¶408B-OU 

-2 -533590-  CS 
-3.9 8985C-CS 
-2. U 2238E-05 
-1,57944 c-c5  - 1.1 31 96 E-05 
-8.9 67 26B-C6 

3.59923C co 

-2.4 4563  r - a3 

0.0 
2 .04735  
0 . 2 4 c o 5  
0 . 1 0 2 5 3  
0.48947 
0.87637 
0 .57801  
0 . 7 0 7 1 1  
0.76035 
0 .76921  
0.0 
2 .46468  
0.96678 
0 . 8 4 2 5 5  
0.8 154 @ 
0.0 

0 .59307  
0 . 6 4 6 6 €  
0 .70679  
0.78754 

1 . ~ ~ 0 2 3  

0.c 
E9.65509 

3.65141 
0.3571 3 
O . 4 E Z O E  
0.84955 
0.5241 7 
0.67519 
0.73608 
0 .74984  
0.0 
3.6 1168  
1 . C 7 9 2 5  
0.04379 
0.81464 
0.0 
1.57474 
0.6071 1 
0.652C7 
0 .71668  
0.75218 

c .  c 
-0. 005 t a  
23.75185 

c. 10414 
c . c4453  
e. E8155 
C.€7851 
0 .694€8  
C.762hC 

c * c  
0.78672 

- i . 14260  
-6. C O  145 

c.307 1s 
C.E5227 
c. c 
C.53736 
0.29748 
C.77361 
0.79550 
C.E8313 

0.0 - 1 - O O E C 4  
-0 .62578 

0 .28357  
-0.10450 
13.02532 

1 .13383  
1.20800 
4.88816 
k.23234 
0.0 
0.00318 

44.50342 
5.03744 
5.44210 
0.0 
0 .33424 
1.60275 
1.58063 

16 .209 tS  
-24.70U5O 

H O L T I P L I C A T I O N  R E L I A B I L I T Y  E C I I I A T C R S  
BY T B E  SUM OF T E E  SQUARES OF T E E  RESIDUES------------------------- 0 . 6  119764 
UPPER AND LOWER BOUIIDS E S T I H A T E S  E ?  B A I  RXL €LOX CBAhGE------------ 0.6119820 

0.6150046 IIPFER A N t  LOWER E O W E S  E S T I N h T E S  CPER ALL S I G N I P I C A V ?  PCINTS------- 

P I N A L  G R C U P  OVERRELAXATION COEPPICIEHPS A W E  N O R H E P  OF INNEE I?ESRTIORS 
1,68399E 00 1.622823 00 1.60COaE 0 0  
4 4 4  

CPO A I D  CLOCK H I U U T E S  R E Q U I R E D  PCB T H I S  EIGEAPELUE FFCRIPH A F E  C.159 O.40E 

TOTAL C P U  T I V E  I S  0 . 4 2 3  HINIITES RNO TOTAL CLOCK TIKE I S  2.874 SINUTES 

0.0 
- c . 9 9 e c c  
-1.39RH8 

0 .06201  
-0.70374 

0.70582 
0.118396 

-0.9925 1 
-0.44 197  

0.0 
0 .03143  
0 ,86102  

- 1 - 3 1  1 6 9  
-1 .17277 
0.0 
0 .09437  
0.15154 

-7.40ue9 
14.55037 

-o.ouaoc 

0.1284a 

0.6119710 
0.6119739 



***GIRD T N P U ?  U S F D  ' I O  C R F A T Z  V E q C I C Y  1 O P  P X I E  ZSP.:'CF ON IIE.II '14 * **  

0.0 0 3 3 1 

1 . 0  0.0 2 1  / 
0.0 7.0 i.0 / 
0.n 0.9 7 . 0  

7 0  / 

5TPP 

* * * * f J C i R # , L  FFiD C f  S T A M D A R t  F I L E  C A q D  XhPL'T**** 

*** W A l N l N G  ***  IIA;? 11 M I L L  E E  S E k C  E l l 7  I T  f l A Y  N C T  9 A V E  EEEh H R I T T E N  

C A R D  86 
C A R C  87 
C A R D  0 9  
C B R D  89 
C A R E  90 
caBD 97 

P L n  
0 

N JI 

2 
c 

Y 
5 
3 
3 
C 

h E 4 O R Y  RFQUTSE?iE?CTS E O f i  C A T A  SSORAGS 

e 

8 4  42 4 4 7  

C 

5$ 2196 



S P A C E  STOREu 
9 P L R N E S  STOFlD 
1 P L A l E  STORED 
9 ROUS STOREC 
f R O R  S T O R E D  
3 P I U L T I - L I V P L  PLANIS STOPED 

P E R T U R B A T I O N  C A L C U L A T I O N  

5922 
4952 
1962 
l t C 2  
4 86 

44E2 
8 30 

DATA WILL B E  S T C E E D  FOR 1 G R O U P ,  4 F L A N E S  

KEIORY LCCATION5 R E S E F Y  EI: FOR RA' IA  S'IdR8GE--- 500C 
14P.X ME8ORY L O C A T I O N S  RXQUIREC FOR PHIS PPCB-- 4 9 3 2  
IlEROBT L O C A T I O R S  NOT US ED-------------  ------- 6E 

5436 
4Y Y6 
1476 
11 16 

0 
4 e6 

a 4 7  
447 
1(47 
4 4 7  
4ri7 
UY7 

39 0 
34 0 
39 0 
3F 0 
?9 0 
33 3510 

DD PARAt!ETERS POLLOU POF E t  = 3520 B E D  8 2  = 10368 
N2= 3 N 3 *  7 3  fl4= 1 N E =  3 N 6 =  10 B ? =  1 W P =  1 h P =  2 1101 2 N Y ' k  3 N12= 5 H13= 2 114= 1 W15= 1G 

R E Q U I R E D  DISK STORAGE SPACE F O R  FIVXf lJEITS 2r(,2?,28) IS IOSUI  B Y T E S .  
2 1 4 C Q  EYTES. ICR CCh5'PABIT.S (UNIT 40)  IS-- 

€ O R  C O N S T A N T S ( U N 1 T  23) IS-- (15760 BYTES. 
REQUIRED TOTAL D I S K  STORAGE SPACE IS------------------- 5632646 B Y T E S .  

THE R E G I O R  S I Z E  FOR SRALL P R O E L E K S  IB TRE A L L - S ' I C R B D  MODE I S  AFFROXIbA2SLI  220h BYTES. 
TEE R B G I O N  SIZE FOR U R G E  P R C 3 I E I ' J  Ili TEE F L & # E - S T O R P E  Fetf IS ZFPROXIRAT3LY 353R BYTES.  

DIRECT ACCESS CATASET 8 E C U I s E f i E N T S  

MRXIPIUB PRPSfC&L RPCOiiD IS 7200  WOliD+ 

UH IT N B U B E R  OF I O C I C l t l  R E C O R D  PHYSICAL REC N U A F E R  OF PHYSICAL R E C D R D  
N U d B E l  LOGICRL RFCORCS L E N S l B  (UQE5S) / L O G I C A L  REC PHlSICAL XECCqDS LERCTR :WORCS) 

23 
24 
27 
28 
25 
26 
90 

90 
10 
10 
10 
90 
90 
10 

STORAGE Poa UACRCI CALCULATIOB 
SUPPLIED 5000 
R E Q O I R E D  3 8 2  

82 
162 
162  
162 

18 
18 

666 

94 
? 6 6  
164 
164 

20 
20 

668 

*** R A B N I H G  *** BCIICLIDE NARES OX C5A5SES OH RDXSBP ANC G R n P X S  C C  "IT COFZ?ARE 

CROSS SECTION VNIQO P A B l e O L C T E  cxass 
ORDER NO. lBXSRP G E U E X S  N R X S R P  G F U E X S  H C X S B  F 

1 Z O N E 1  NOT BQ 2 C N f l  OR ZORE1 NC2 EQ Q E  0 NCT "Q 
2 Z O N E 2  NOT E6 ZC1112 OR Z C H E 2  NC'I EQ OIi 0 HCP ec  
3 ZCUE3 NOT EG BCLIE3 OB Z O N E 3  YCT EC oii C A C T  E Q  

3 iOctxrPr R A V E  ~ C S S  

P B I U C I  PAL f4 ACR 0 S COP I C  CBO S S SBCT IO 83 

GROUP 7 
ZONE D S I G A  STG RP S X G X ' F  IlGAS 

1 1.500004E OD 1. iOOGOO8-0? 3.9$99978-C3 5,OCCOOOE-24 C.0 
2 1.7GOO01E 00 6.9999973-04 3.9999931-04 4.894998E-15 0.0 
3 1,200000E 00 5,19999EE-04 0.0 0.0 0.0 

GROUP 2 
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A F L U X  - EIGENVALUE PROBLEE FOLttKS 
I4 I R N B R S  818, 4 I l R E I t S  l A X  - CIIEBYCREI BETA CN G U T E B C  

PR3CsO,l, 2,3,4-NCRi9bL~CAEBYSR?3V, SEEEX, DEBEX ,SEEEIP. ICV E=O, I - I E S ,  NO I N N E R S  CON OR.  OC V J = 0 ,  ?-YES, NG C U E  RS CONY 5 .  
ITER 

1 
2 
3 
4 
5 
6 
7 

9 
10 
1 1  
72 
13 
14 
15 
16  
17 
18 
1 9  
20 
21 
22  
2 3  
24 
2 3  
26  
27 
2 8  
29 
30 
31 

e 

PRGC 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ICPR 
1 
0 
1 
f 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

OCVA 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
1 
0 

FLDX C5186E 

6.93373C CO 
-6.87272L-C1 

-4.62221 E-01 
-4.39348L-Cl 
-4.235398-01 

-5.24877C-C1 
-8.9 875OD-Cj 
-4. 4 49 16r -  C 1 
-4.23087C-01 
-4.18793t-01 
-4.1821EC-01 
-3.33978C-01 
-2.6096OC-01 
-2.22092D-01 
-1.89370C-C1 
-1.6C088t-Cl  
-l.l7409I!-Cl 

1 . 8 8 5 2 7 ~  c2  

-5.93a911-01 

-1.69361r co 

-8 .4 e549 t -c2  
-5.59081C-C2 

3.19740C-C2 
2.45483 C-C2 

-7.7C180L-C3 
-2 .7132uc-c3 

6.16356E-C4 
3.4C428E-C4 
8.07635E-C5 

-1 .8 1 9 1 5  t-C5 
-7.8 1513C-06 

8 8 - B A R  
0.0 
0 .04751  
0.13169 
0 .27024  
0.63278 
0.66142 
0.67789 
0.68942 
0.0 
0.45147 
0.80177 
0.33712 
0.41534 
0.75305 
3 .26820  
0.5254 1 

0 .73805  
0.7 1 5 6 3  

0.62105 
0.60296 
2.16360 
0.61966 
0,34797 
0.37623 
0 . 2 2 4 4 5  
0.328C5 
0 .27490  
0 .33527  
0.43365 

o . a s e 4 e  

0 , 7 2 6 a c  

BO-? BU-ICSS 
0.0 c.c 
6 -  9705 1 -C. 49C4i  
0.03887 C.38399 
0.27024 C.55468 
0.31607 C.61720 
0.51117 C.66538 
0.54048 0.68928 
0.5Le32 C-703Cl 
0.0 c.c 
0 .45747  0.03958 
0.44664 C.SBC97 
0 .52892  C . 7 1 Y t 9  
0.57106 0.75635 
O.5E041 C.77820 
0.46460 C.6195@ 
0 .52041  C.€8,?78 
0.62E97 C.743e9 
0 . 6 6 3 2 9  C.76217 
0 .68528  0.75546 
O . C l @ G f  C . 6 9 5 C E  
0.63542 C.C9C87 
0.6C296 C.CO4C4 
8 .7567U C.38274 
0 . 7 9 2 3 1  0 . c 5 i e e  
0.4784~ c . 3 6 0 ~ 8  
0 ,34957  t . 9 5 5 e l  
0 .25314  -0. 10719 
0 .56565  C.1'14F8 

0 . 5 4 1 5 1  C.t349@ 
0.4246C C.34791 

0 .23187  -1.12762 

FINAL C A L C O L A T L D  K E P P K T I I E  0. C9C000 0 
I U  LT I PL I C  AT I O  ff 6 E I 2  A E XL ITY ES T ?1 A TOR 5 
BY TRR S U N  OF T H E  S Q W i R E S  O@ I R E  RESIDOES------------------------ 
UPPER ARE LOSER E O U N C S  LSTInllTES E Y  f 4 A X  F E L  PLCX C R A I G € - - - - - - - - - - - -  
UPPER A R D  LOWER BOUNDS ES'IIRATBS C n R  l iLZ S I G f f I I I C b N ' I  PGINIS-------  

ACCELERATION PILRAYETETS 
0.0 

0 .05430  
0.51089 
7.64134 
2.02354 
4.02775 
5.07283 
0.0 
1.41250 

-0.39578 
0.27940 
0.48340 

-2.65551 
-1.32980 
-1.72 126  

2. $5278  
2.51652 
2.97643 
1 a 69480  

-0.51686 
1 .e60 16  

-0.95028 
-4.18719 

0.97153 
0.50796 

-0.43485 
0.14797 
0.24613 
0 .06959  
2.72263 

0. 04988 

0.09c0000 
0.0900007 
0. 0900009 

0.0 
0.0 
0 .00422  

-0.01556 
-0.80477 
-0.04084 
-1.21016 - 1.94418 

0.0 
-0 .35036  

0 .72448  
0.61432 
0.06749 

0.76825 
-1.939 3 0  

0,73780 
0 .69773  

-0.3685 1 
0.65836 
2 .22473  

-0.22222 
1 .60649  

-4. 11337  
-0.46514 

0.03369 
0.36218 
0 .06617 
O.OU708 
0 .10957  

-0.5590 1 

1 .000a2  

0 .0899493  
0.0899985 

K SEARCH FACTCF S . P . - C A L C  
9 .0392559  0.0 0.0 
0.0473716 0.0 -2.932260 00 
0.0510834 -1.020093-Cl  -2 .684030 G O  
0 . 0 5 3 4 1 7 8  -1.93817D-Gl -2 .548683  00 

0 .0558181  -3.508CBD-Cl -2.477180 00  

0 .0576390  -4.779710-01 -2.438330 00 
0 .0595500  -E. 86395C-01 - 2.383 185 0 0  

0 .0643751  -9.680050-01 -2.37357D 00  
0.0656GE3 -1.02QG9D C G  -2.33919D 00  
0 .0657449  -1 .020090  0 0  -2.331751: 00  
0 .0657259  -1.020090 G C  -2.33080D 00 
0.0916560 -1.33e87D G C  - i . 26069C 00  
0 .0736800  -1.405810 C O  -2.21003I: 00  
0 .0754211  -1.47t lCU C C  -2 .180920 00  
0 .0771829  -1.5Q990D C c  -2.15776C CO 

0.0812920 -1.70877D d o  -2 .10459F C O  
0 .0836162 -1.794iiOD 00 -2.077bq0 00  
0 .0861498  -1.88391D 00 -2.05061D 00  
0 .0899513  -1.978lCD O C  -2.G22300 0 0  
0.0904446 -2.022301) 00 -2.003RZC G O  
0.G9COY60 -2.003820 00 -1 ,949810  00 
0.0900037 -1.999810 C C  -1.99968D 00 
0.0899932 -1.99968D 0 0  -1.9999bC 0 0  
0 .0899988  -1.9999hC CG -2.G0001D 0 0  
0.6900903 - i . O Q O O l D  00 -2.00000D O C  
0 .0900002 -2.00000D 00 -1.99999L: 00 
0.0900000 -1.999990 00 -1.999990 00 

0 .0547367  -2.76 4 4 4 ~ - 0 1  -2.50470 c 00 

0.0567724 - 4 . 1 7 7 3 6 ~ ~ 0 1  - 2 . 4 5 6 3 4 ~  O G  

0.0610oe9 - 7 . 5 9 8 ? 2 ~ - 0 1  -2.4197311 00  

0.0791058 - 1 . 6 2 7 4 0 ~  c o  -2 .13361r  G O  

P I N A L  G R C O F  C V E R E K L A X l T f O N  C C t € P I C I E N T S  A N C  N U B e E R  OF ILlEI I T E L A T I O N S  
1.23448E 00 1.22139E 00  
4 4  

CPU ~ N D  CLOCK =ISUTES R E Q U X R I C  FCB T B I S  E I C E B P A L O E  P R O B L E B  A H  (1.324 8.039 

LEAKAGE 1.83970E 1 3  TOTAL ICSSBS l.i1788BE 1 3  TOTAL € F O C O C T I O H S  1.33100E 1 2  XEACTOP P C l W E ~ ( H A T T s )  1.COOOCD 01 

B O C K L I N G S  SERE HULTIPLIED BY -9.9998649D-01, FRACTION LCSS TC SEARCH PARANETER -C.2600146 

BOONDARY BEUTROI LEAKAGE 

GRP LFT L E A K A G E  R I T  L E A K A G E  TCF LEAKAGE EOT I E A K A G E  F H T  LEAKAGE B A R  L E A K A G E  
1 0.0 2.99385C 1 1  2.595571: 1 2  0.C 7.2509CC 12  7,2509CD 1 2  
2 0.0 4 . 5 ~ 9 0 ~  10 1 .4494ac  1 1  0.c 4.04924C If 4.049240 1 1  

sui9 0.0 3.44884E I 1  2.74052E 1 2  0.0 ? .65582€ 12  7.65582E 1 2  

maw NEIJTRCII E A L R N C E  POR E A C H  Z C K I  



4
5

0
-3

0
 

c
 r
 

I
O

U
0

0
 

L
. 

a
l*

n
 

N
M

r
O

 
... 

m
m

 
-

c
 i

M
N

 
7

-
 

-
 

w
a

 
Q

3
0

3
 

... 
c

a
r

 
c
o
o
 

0
0
0
 

... 
... 
-
a
-
 

CI 
d. 
U

 
"1 I 

U
 

fn
 

14 
w

 
m

 
s: 3 
T

, 

r
.
-
-
 

P
V

-
 

w
f

"
 

m
m

 
m

m
 w

 
r;l 

P
!

-
 

o
m

 
W

Q
p

P
 

P
 
P
 

IY
 

CY 
G

. c
 rn 

N
O

N
 

... 
p
a
p
 

m
o

m
 

... 
E

u 
Y

 
0
 

ffi 
W

 

P
I 

i?
 

0
 

.
M
 

W
 

fn
 

"2 s 
X

 
3
 

cl 
4
 

e N
 

3
 

V
 

4
 

w
 

iri 
'3

 
bl 

I- 
\
 

'
U

Q
I

1
 

... 
0
-
0
 

=7 
N

 

a
 

7
-
 

m
 

v a? 
94 

m z 
c
 

A
 

4
 

I
l

l
 

"
0
0
 

e
3

-
r

 

M
 

D
 

U
 

cl 

V
 

.% 

-4 
rn

 
In 

P
.0

 
R

.
 

W
P

 
ffi 

w 

N
N

 k
 
c
 

In 
E
 

i)
 

iA
 

i
 



E 3 .  FCW 9, A N 5  C O T U E N  7 ANT. IS 2.056133570 1 1  NEO?RCHS/CC. 

3 
2.74 iC-04 
E.1SeD-04 
1.332C-03 
1. E O P C - 0  3 
2 . 2 2  sc-03 
2 -  5822-03  
1.8570-03 
3 . 0 4 f f - 0 3  
3.14 CC-03 

3 
7.192C-04 
i .13fD-03 
3 - 4 8  FD-0 3 
9 . 7 3  2c-03 
5.83fiL-03 
E. 16 DC-0  3 
7.475C-03 
7.97 1C-03 
E. 22 1 C - C 3  

3 
8. a9 1 D-04 
2.E4CD-03 
4 . 3 1  1c-03 
5.95lC-03 
7.21 TC-03 
e 3 5  t c - 0 3  
c .  24LL-03  
4 .e f3c -03  
1.0 1 ED-02  

? 
7,14TC-04 
:* '1 3t.E-03 
3 .  *BED-03 
6 . 7 3  ID-03 
5 . 0 3 5 5 - 0 1  
C.36Cf-03 
7 - 4 7  sc-03 
7 * 9 7  1c-33 
E"i2 ?E-03 

5 
2.402D-oc 
7 . 1 3 2 6 - 0 5  
9.155C-04 
1,5816-04 

2.2575-04 
2 .  498t-011 
2 . 6  62 c- 04 
2.745F-011 

1 ., 949 r-0 4 

6 
1 . 5 4 2 D - C S  
4.580D-C5 
7. 4 780- c5 
I.CI5D-04 
I I 2 5  ID- C4 
1.443D-C4 
1.604D-C4 
1 .?C9D-04 
1 . 7 6  3D- 04 

7 
0.0 
0.0 
0.0 
0. 0 

0.0 
0.0 
0.0 

0.0 

a.o 

a 
0.0 
0.0 
0.0 
0.0 
0 - 0  
0.0 
0.0 
0.0 
0.0 

9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. F 
0.0 

Y 
2.3C9D-C4 
6. e57C- C U  
1.12OC-03 
1.52OD-C3 
1.673D-C3 
2.1?CD-C3 
2.r;0111-03 
2.559C- e 3  
2.639f-03 

L 
3.0463-04 
9 . 0 4 6 C - O U  
1.4773-33 
2.0350-0 3 
2.4710-03 
2 * 8 6 3 ? - 0 3  
3.168q-03 
3.376D-C3 
3.4EZD-03 

2 
7. Y?53-04 
2.3689-63 
3. E67D-03 
5.24qD-83 
6.4706-53 
7,11969-03 
8.2930-03 
w. 839D-33 
Q. 160-03 

5 2,5559-03 
6 3,006C-Cj 
7 3.325D-03 
R 3.54uc-03 
fl 3.f355n-03 

PLANE NUREE!; 2 

7 8.372C-04 
2 2.4860-03 
a 4.c60n-03 
4 5.51OC-03 
5 G.'?S?D-F3 
6 7 . P F 9 C - 0 3  
7 8.4065-03 
8 9.279D-03 
9 9.573C-03 

'1 5 
6 .  i88rJ-05  
1.E670-04 
3.049 E-C 4 
4.13BLi-54 
S,?C2r-04 
5.91OC-04 
E. S3SC-C4 
5,969t-04 
7. i a 7 ~ - ~ 4  

6 
U .  C 370- 05  
1 1S9D- C4 
1 - S59D- 0 4  
2.6570- C4 
3 . i 7 6 C - 0 4  
3.795C-Cb 
4.189C-0& 
8.9146-C4 
4.615D-04 

7 
0.0 
0.0 
0.0 
0.0 
0.0 
G.0 
0.0 
c.0 
0.0 

8 9 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0 - 0  o * o  
0.0 0.0 
Q.0 0.0 
0.0 0.0 
O"0 0.0 

(& 

6.0450- c 4  
1 * 795:- 0 3  
2.9?1E-03 
3 .9?95-  c 3  
4 .905 t -C3  
5.6820-C3 
6 . 2 8 6 0 - C 3  
6.SOOC-03 
6.91OC-C3 

5 
7.7?2C-C5 
2.308C-C4 
3,769il-04 
5,115r-04 
6.3C60- 0 4  
7.305r-04 
8. OBZD-OU 
8 6 14D- 04 
8.884 C-0 4 

5 
11. SFOD- 25 
1.Y82D-04 
2 .423D-04  
3.i84D-C4 
4 * C49D- c4 
4. ESOD- 04 
5 * 1890- c 4  
5.5310- C4 
5.7040-04 

7 
0.0 
0.0 
0.0 

0.0 
0.0 
c. 0 
0.0 
c.0 

0.0 

e 
0.0 
0.0 
0.0 
0-0 
0.0 
c.0 
0.0 
0.0 
0.c 

9 
0 . 3  
0.0 
0 - 0  
0,0 
0.0 
0.0 
0.0 
3 . 0  
0,0 

4 
7 . 4 7 ? C - 0 8  
2.2396-03 
3.623D-C3 
4.9186-133 
6, 063D-C3 
7.023D-03 
7.77 1 D- 0 3 
8.2820-C3 
8.54 f E-F 3 

5 
6,288E-05 
3 .  E67C-04 

4.1356-CU 
5,102E-0tl 
5. SIOD-C4 
6 . 5 3 9 t - C Y  
6,S696-C4 
7.lE7f-CU 

3.049r-04 

E 
4.C37D-C5 
1.1494-04 
1-4583-04  
2 . 6 5 7 0 - C 4  
3.;?6C-C4 
3 -745D-04 
4.10RD-CU 
4 .  a4u4-  c4 
4 I 6 15 E- 04 

7 
0.0 
0-0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 

8 9 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
o * o  0.0 
3.0 0.0 
0.9 0.0 
0.0 0.0 
0.3 0.0 

4 
6.C45D-C4 
1 795C-C3 
2,931E-03 
3.9790-C3 
4.9650-03 
5,582D-C3 
5.  28SC-03 
6 . 4  C C G - C 3  
6,9lCE-C3 

6 
f . 5 4 Z O - C E i  
4.5804-05 
7,47BD-C5 
1 .C15D-O4 
7 .  i51D- C4 
1.4490-C4 
1 .  €C4D- C4 
1 I 7C9D- 04 
1.7630-04 

7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

8 
0.0 
0.0 
0.0 
0.0 
0.c 
0,o 
0.3 
0.0 
0 - 0  

2 
3.9&60-0U 
9.046D-04 
7.477D-03 
2.005O-O3 

2,  B630-03 
3680-03 

3 . 3 7 h E - C 3  

2 . 4 7 1 n - c 3  

3 4 e ~ o - o i  

3 
2 - 7 4  79-04 
E * 1 5 e r - 0 4  
1,332C-03 
1. 8 O & D - C 3  
i.22SD-C3 
i. S e x - c a  
2. e5 7r-o 3 
?. 84 EC-03 
3.lUc.C-03 

9 
3 . 0  
0*0 
0.0 
3 . 0  
F * 0  
0 - 0  
O.C 
0.0 



4
5

0
-3

2
 

:: 
I" 

V
 

0
-
 

z
 

v1 
w

m
 

0
m

7
N

l
l

l
n

w
 

c
 v1 

L
1

c
.

P
 U

I
W

P
 P

 
t
u
 

J
W

F
P

l
U

P
Y

 
o

w
i

-
~

r
u

l
m

 
U
)
 . I " D

 CY 
c
 
J
 
I., rn

 
,.I 

m
o
a
.
.
 ...... 

Lu II 
L

.
L

J
0

N
U

V
D

V
V

 
n

a
 

m
 

P
 

F
 

P
 

u
r

n
 

.. 
v

u
 

U
' 
o
\
 

m
 

;iT
 

u
r

n
 

4
.

 .......... 
-

5
 
o
c
-
0
0
0
0
(
>
0
0
 

w
e

c
 

W
o

1
 

m
m
 

m
m
 

m
m
 

co
w

 
a
0
 

0
0
 

m
m

 

.
I

 

S
r
-
 

o
o
m
 

0
 c3 0

 
0
0
0
 

0
 c, 
0
 

o
m
m
 

0
0
0
 

0
.

.
 

.
0
0
 

0
 



PERTURBATION R E S D L T S - - D E L T I - R / ( R * C B L T ~ - S )  U I E E E  S RtPRESEKTS OACRO.  CROSS S E C T I O N S .  

ZOBB GRP SIGI,SXGR,DP**2 E* *2 N W S X G P  I I P F .  COEP. 
1 1 -1.104552E 01 -1.65eE2e.S 01  1.2272808 02  -5.92iSOOE-01 

2 -6.7219642 00 -8 .0663741 00  7.000963F 00 -3.475163E-01 
2 1 -2.113962E 00 -3.593772B 00 2.34E869E 0 1  -1.444178E-01 

2 - 1 . 9 6 2 7 7 R  00 -2.2179378 00 2.345307E O C  -1.18l282E-01 

2 -1.4379383-01 -1.686G071-01 3.451992E-0 1 -1.99 12982-Oi 
3 t - i . 8 7 3 0 7 1 ~ - 0 1  - 2 . 2 4 i e ~ m - 0 1  2 . ~ 8 1 1 9 1 ~  o c  - ~ . o c c ~ o ~ E - o ~  

G R P .  TO G R P .  oPLTA-A/(K*fELTB-STGS) FOR ALL ZONES 1,2,3,.... - ;THE IN-GROUF TERM I A K E  NO COHTRIBUTIOX.) 
1 1 1.109552B 01 2.113582I: 0 0  1.873071E-01 
2 1 6.3CO86SE-01 2.11077tE-01 3.106793E-Oi 
1 2 1.178734E 0 2  1 .9777543  0 1  1.17552EE E C  
2 2 6.721984E 00 1.962777B 0 0  1.937938E-01 

Z R O U P T - N E U T R O N  LIFETIME I S  2.22254D 0 1  SXC. 

TBE FOLLOWING A R F  CHANGES I N  KEFPECTIVE D U B  'IO 100 PERCENT C E A A G E  I N  RACBCSCOPIC CROSS SECTIONS. 
t D I V I D E  BY 100 TO GET THE EPPECT CF A 1 PERCENT CHALGE). 

FOB INSCATTER 
GRP. TO G R P .  FOR ALI ZONES 

1 1 0.0 0.0 0.0 
2 1 0.0 0 .e 0.0 
1 2 3.689619E-01 1.OZ843iX-0 1 7.e76035E-03 
2 2 0.c 0.0 0.0 

SUH OF A I L  I N S C A T T E R  I S  4.997011I-01 

ZONE G R P  REUOVAL 

2 0.c 

2 0.0 

2 0.c 

1 1 -3.645019E-02 

2 1 -3.0992703-02 

3 1 -1 .25495fE-03 

sou IS -4 .  ~ 6 9 7 m - 0 2  

ZONE G R P  ABSORPTIONS 
f 1 -1.325460B-02 

2 -3.159329E-02 
2 f -1.479761E-03 

2 -1.2365493-02 
3 1 -9.739940E-05 

2 -1. E5035DE-03 

S U l S  O V E R  G R O U P S  
ZONE 

1 -4 -4847893-02 
2 -1,3845273-02 
3 - 1 . 6 4 7 7 5 ~ ~ - 0 3  

SUHS OVER ZONES 
G R P  

1 -1.483178E-02 

S C A T T E R I N G  
3.52531 7B -01 
0.0 
9.1850528-02 
0.0 
6.621 0743-03 
0.0 

3.525317K-01 
9.1 E56528-02 
6 - 6 2  107UB-03 

fISSIOA SCUACE T K A Y S P C R T  
4. 90 91 15 E-0 1 4.4 4 1 @ 7 f F - 0  1 
4.910602F-01 2.085097E-01 
9.395473E-03 1.23 1802P-01 
5 .  e632652-02 6.691 1889-02 
0.0 1 . 2 e c u 2 5 ~ - 0 2  
0.e 8.602149E-03 

9.31 97 17I -0  1 6 - 5 2  €9743-0 1 
6.e028C4E-02 1.9CC921X-01 
0.0 i.06C640E-02 

5.C03069E-01 5 . 7 S 3 7 2 a - 0  1 

c. co 
0 

W W 



TOTAL SORS 
-6.0340973-02 4.5 1CO33d:-01 S.$9S997E-0 1 B .6?45582-0? 

TOTAL SUR I S  2.254122 00 

TAE POLLOWING A R E  UNCERTAINTY ASSOCIATED PITA A 100 PERCENT U N C E R T A I N T Y  I N  THE D A T A  ( O N C O R R E L A T E D ) ,  B U T  tJFT 
SCATTBRIRG I N  TRF ABCVE TAELli T R I B ' I L D  AS A N  EBII ' IY.  

SURS OVER G R O U P S  
Z O N E  

1 3.426106E-02 3.5253178-01 6.599455E-01 4.90€S2QE-01 
2 1.2453723-02 9.1 lCO52E-02 5.$3€065B-02 1 .4C1@05E-01 
3 ~ . ~ 5 3 4 0 6 ~ - 0 3  6.621074~i-03 0 . 0  1.4@0320E-02 

SUlS O I E E  ZONES 
G BP 

1 1.3337303-02 3.643610B-01 4.97C013E-Cl 4.611074E-01 
2 3.3962202-02 0.0 4.44 $ 4 0 3  E-0 1 2.79 154 f E  -04 

TOTAL SUNS 
3.648737E-02 3.643€10B-01 6.CiE116E-01 5.1C5374E-01 

TOTAL SU8 I S  9.13123E-Cf 

4 * * * * * * * * * * * * * * $ * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * ~ * ~ * * * * * * * * * ~ * ~ * * * $ * * ~ * * * * * * * * * * *  
NOBI!ALIZATION OF IHPORTARCE EAPS IS TO UNIT P I 5 S I O N  S O U E C E  I P P C F T A X C E  PO6 T H E  ACTUAI E S C E L E V .  * 
EDLTIPLX BY TBP I i l k C T I O H  OF $RE CCFIE TEEATHD IF T H E  VALUES PlFE I C  BE HAD3 S E L A T I V E  TO T H E  * 
TOTAL. BUT TAKE CASF TO UXCERSTAAI: TRAY TAXS IS APPAOPRXATf I N  A S P E C I F I C  S I T U A T I O N .  0 

d * * * C 0 * 2 4 t * * * * t * * * * * * * * ~ * * * * * * * * d d * * ~ * ~ * ~ ~ * ~ * * * * ~ * * * ~ ~ * ~ * * ~ * * ~ $ 4 ~ * * * * ~ * * * * * * * * * * ~ * * * * * * * * * * * * * * * * *  



HACRG. R R S O R P .  CROSS SECTION I K F C A ' I R H C E  N R F  (SIGA/K) ( D E L T f t  K / E E L T A  S I G A J .  

F L A A E  q a t l E E ^ r  1 
1 

7 7.353B-OE 
2 6.4R4C-07 
3 1.72QD-C6 

5 4 .840I -06  
6 6.4950-06 
7 7.9510-06 
8 4,032D-Oh 
9 9.606E-06 

PLANE N U R B F F  i 

1 5.04GD-97 
2 4.4U4E-06 
3 1.185C-05 
4 2,18337-05 
5 3.3170-05 
6 4.452D-05 
7 5.1r5OD-05 
8 6.190D-05 
9 6.5E4D-05 

P I R N E  NDBBER 3 

1 7.?00D-07 
2 6 ,790C-06  
3 l .elOD-05 
4 3 .3350-05 
5 5.06RC-05 
E 6 . P C Z D - 0 5  
7 8 .3260-95  
8 9.4SRD-9q 
9 1.006D-04 

P L A t i P  NTlt'BEB Q 

1 5.0400-07 
2 4 ,4440-06 
3 1,185D-05 
4 2.183E-05 
5 3.3170-05 
E 4.452C-05 
7 5,450D-05 
8 6.1300-05 
9 6.584D-05 

PLBNF: 'JUKBER 5 

1 7.353D-OE 
7 6.4e4D-07 
3 1.729C-06 
4 3.1851)-06 
5 4.F.kOD-06 
6 6.a95C-06 
7 7,951D-Ob 
8 9.0310-06 
9 9.6060-06 

4 3. ~ e s c - o f i  

1 

1 

1 

1 

2 
6.7580-08 
5.96CD-07 
1.5 89D- 06 
2.927D-06 
4. 4480-06  
5,9700-06 
7,308D-06 
8.30lD-06 
~ . a 2 9 ~ - 0 6  

3 
5.67 ED-08 
5.OOiE-07 
1.3355-06 
2 - 4 5 9  E-06 
z.73EC-06 
5.0 1 EC -06 
E. I4CC-06 
6 .  q74 t -06  
7.41 Et-06 

4 
4.3080-08 
3 199C-C7 
1.01 30-06 
1 I 866D-06 
2.836C-C6 
3.806C-06 
4 . 6 5 5 D - C 6  
5.292C-C6 
5 .618D-GE 

c: .. 
2.654C-08 
2.3410-07 
6. i 4 1  E-07 
1.150D-0t 
1 - 747D- 06 
2.3U5E-06 
2 870C-06 
3.2600-0t 
3.4680-06 

6 
1. C 650- 08 
9.3 961)- 08 
2.5050- 07 
4. C. 15 0- C 7  
7. C13D- 07 
9.4 12D- 07 
1.1E2D-06 
1.3C9D-06 
1.3920- 06 

7 
4.57 1 D- 0 S 
11.0310-08 
1 I 075LI-07 
1.98CD-07 
3.0090-07 
4.038D-07 
4.9430-07 
5.61 5D-07 
5.972D-07 

8 
1 .d  170- 09 
1.073C-08 
2 -86 1 D- 08 
5.27 lD- 08 
8 .o 1 1  E-08 
1.07fD-07 
1 - 3  1 6 C- 07 
1.495C-07 
1.59OC-07 

9 
1.141D-10 
1.0060-09 
2.682D-09 
4.941D-09 
7.5090-09 
1.008D-08 
1.234~1-08 
1.401D-08 
1. u9ou-oe 

2 
4.6320-07 
4.095D-06 
1.089D-05 
2 .  CG6D-05 
3.049D-05 
U. 092D-05 
5. CO9D-05 
5.669D-05 
6.055D-65 

3 
3.9920-07 
3.432t-06 
9 .151 t -06  
1.686C-05 
; , 5 6 2 t - 0 5  
2,43ED-05 
4.2080-05 
4 . 7 8 C C - O S  
5,085C-05 

4 
2.953D-Gi 
2.604D-OS 
6.943D-Ct 
1 .279 t -05  
1 - 344D- C5 
2.6CeC-C5 
3.193E-05 
3.627D-C5 
3.858C-05 

5 
1. E19C-07 
1.604C-O€ 
4.2770-06 
7.879C-06 
1.197D-05 
1 - FC7D-CS 
1.967 C-05 
2.2340-05 
2.377C-05 

6 
7.303 E O 8  
6.4 400- 07 
1.7170-06 
3. 1630-06 

6.4SlD-06 
?.e$70-06 
8 F70D- 06 
9 54 1 D- 06 

4.e079-06 

7 
3.1330-08 
2.7630-07 
7 -36  7C-0 7 
1.3578-06 
2.062D-06 
2.7680-06 
3.38ED-0€ 
3.8480-0 6 
U .093D-O 6 

8 
8.341 C-09 
7 . 3  560- O R  
1.961C-07 
3.6 13D-07 
5.4 9 1 C- 07 
7.368E-07 
9 I 0 2 OD- 07 
1.0 25 C-Oh 
1.0901)-06 

9 
7.8 190-10 
6.89 6D-09 
1.839D-08 
3.387D-08 
5.1470-06 
6.907D-08 
8.4550-06 
9.604D-08 
1,0220-07 

2 
7,077D-07 
6. 241D-06 
1.654D-05 
3.0659-05 
4.65ED-05 

7.6530-05 

9,2460-05 

6 .25  2 ~ -  05 

a. 6 9 3 n - o ~  

3 
5.94 6D-07 
5 .  i 4 Q C - 0 6  
t.39EC-05 

!.91aC-05 
5.253D-05 
6.43CC-05 
1.3O4E-05 
7.7690-05 

i . 5 7 5 r - o s  

4 
4.51211-07 
3.979C-C6 
1.05 1D-05 
1.954D-05 
2,970C-CS 
3.9850-05 
9.@7SD-C5 
5.54 1 C- C 5  
5. 8940-05 

5 
2.779C-07 
2.451 E- 0 C 
6.535E-06 
1 206C-05 
1.f30C-05 
2. G 5 E - 0 5  
3.OO6D-0 5 
3 4 140- C C  
3.637 C-05 

6 
i . t i 6 ~ - a 7  
9. E39D-07 
2.6 23C- 06 
4. E32D-06 
7.3440- 06 
9.E56D-06 
1. i C 7 D -  C5 
1. ??OD-  05  
1.458C-  C5 

7 
4.7 8 70- 0 8 
4.2220-07 
1.1260-06 
2.073D-C C 
3.151 D-06 
4.2290-06 
5.1760-06 
5.R8SC-06 
6.25 40-0 C 

8 
1.27 UD-08 
1.124C-07 
2.9970-07 
5,sioD-07 
8 . 3 8 9  C-07 
1.126-06 
1.378C-06 
1 .565 t -06  
1.665D-06 

9 
1.1951)-09 
1.0540-08 

5.17fiD-OR 
7.86UD-08 
1.0550-07 
1.292D-07 
1.467D-07 
1,5618-07 

2. aogo-oe  

2 
4.632D-07 
U.OR5D-06 
1.069D-05 
2.006D-05 
3. C4 9n- 05 
11.092D-05 
5.009D-05 
5.689F-05 
6.0 525-05  

3 
3.8920-07 
1. Y3ZO-06  
2 - 1 5  10-06 
1.63 €E-05 
2.56 iB-05 
3.43 Et-05 
4. iO8C-Of 
4.78 OD-OS 
5,085C-05 

4 
2.9 5 3 D -  C7 
2 - 6 0 4c- C t  
6.943C-06 
1.279D- C5 
1 - 9 4  4 C-0 5 
2.6080-05 

3.6270-05 
3.8560- CS 

3.193r-c5 

5 
1.819D-C7 
l.€CUD-C€ 
4. i77E-06 
7 * 6790- C t 
1.197r-C5 

1.907f-05 
2. i 3 4 r - O f  
2.377D-05 

1 . 6 0 7 ~ - 0 5  

t 
7 .  X3D-08 
6.4400-07 
1.7 170-06 
3.1630-06 
4 .807D-O6 
6.4 E 1 E- G6 
7.  e97 0-06 
8.97OD-C6 
9.5410-06 

7 
3,1330-OE 
2.7630-07 
7.36 70-0 7 
1.3570-06 
2.0620-06 
2 76 BD- 0 & 
3.3880-06 
3.848D-06 
4.093D-OC 

e 
8.34 1 E-09 
7.356C-08 
1.9 6 1 D- 07 
3.613E-07 
5 . 4  9 10-07 
7 . 3 6 8 5 0 7  
9.020 t-B7 
1 -025D-06 
1.0 90 C- 06 

9 
7 - 8 19D-10 
6.896D-09 
1,839B-08 
3.3870-08 
5.1470-08 
6.9C7D-08 

9.604D-08 
1 .O22D-07 

8.455~-0a 

2 
6.75ED-08 
5 .96 tn -07  

2.927D-06 
4.448D-06 
5.97OD-06 
7 (. 3 CRb-Ob 
8.301D-06 
A. 8299-06 

I .  5 ~ s n - O F  

3 
S.63ec-oe 
5 00 7 2-07 
1.33C_C-O6 
2 . Y 5 5 C - 0 6  
3.f3EO-06 
E.OltD-06 
6.14OD-06 

7. 41 EC-06 
6 . 9 7 4 ~ - 0 6  

4 
4. 308D-CF 
3 . 7 9 9 ~ 0 7  
1. C ? ? C - C C  
1.866C-C6 
2.836D-O6 
3.eC6D-C6 
4.659C-06 
5,2920-06 
5.628C- CF: 

5 
2.t54D-CE 
2.34111-07 
6 .  iUlE-C7 
1. ICOL- C6 
1.747C-OC 

2. @70t-CE 
3. i60t-06 

2 . 3 4 5 ~ 0 ~  

3.  4 6 8 r - o ~  

E 
1.C65D-08 
9.3960-CE 
2.5058-07 
U .615D-C7 
7.  C 13D-C7 
9.41211- 07 
1.1521)-06 
1.3C9D-06 
1 - 3928- 06 

7 
4.5710-09 
4.031C-OE 

1 .980~1-07  
3.0 0 9D- 07  
4. 0380-07  
4 - 9  4 3D-07 
5 - 6  150-07 
5.9720-07 

1 -  0 7 5 c - o i  

E 
1.2 17  E-09 
1 . 0 7 3 P 0 8  
2 .e61 C-08 
5.271 E-08 
6.0 1 1 D- O R  
1.0750-07 
1.3160-07 
I .4'35D-07 
1 . 5 9 0 t - 0 7  

9 
1.1410-10 
1.006D-09 
2.6820-09 
4.91111)-09 
7 5090-09 
I .  008D-08 
1.234D-08 
1 . 4 0 i ~ - o a  
1.4901)-08 



I I S T I N G  C P  I N T E h F A C E  F I L E  G R U P X S  CCNPLETED 

2-3 17x10  - 5 GRODP SEARCH PRCEIEN 
P R I R A R Y  SPARCH = S C C L I D E  (DIRECT) - SdCONDAfi I  SEBRCH = CINENSICN 

**********START EXECUTING NEOTROEICS CCDE ELOCK********** 

*** WARNING *** O N I I  7 3  WILI EZ REAC B U T  I T  f l A Y  HOT R A Y €  E E E N  WRITTEN 

*** W A R S I N G  *** UNIT 1 4  B I L L  E P  R E A L  BUT I T  H A Y  NCT H A V E  E E E h  YRITTEN 

*** YARNIEG *** UNIT 12 WILL E E  R E A L  B U I  I T  R A Y  NOT H A V E  EEEA P R I T T Z N  

*** Y A R N I U G  *** CNIT 15 PILI EX 9EAC BUT I T  R A P  NCT HAT€ E E E N  WRITTEN 

SOLUTION EY F I N I T E - C I F F E R E N C I  L I I F U S I O H  THEORY 
SYARCH PRCBLEE 

A REGULAR AUJOINT W I L L  FOLLOW E O B I ? x R C  P R O B L E N  
PERTURBATION P E S l l L T S  A R E  REQCPS'IEL 
GECNETHY NO. 7 2-I: 9-2 
N U R B E R  Of ENEHGP GROUPS 5 
N U N B F E  OF UPSCATTFR GROUPS ( # A X )  c 
NUNBER OY DOWNSCATTER GROUPS (HA4)  4 
I ' J N E E R  O F  INTERTPLS IN D I Y E N Z I O N  1 (COLUVNS) 17  
EiDMBlR O F  I N T E F t A L S  I N  DIMENSION 2 (Rolls) 10 
h U N B E R  O F  I N T E B I l L S  IN DINENSIOY 3 (PLBXES)  1 
N U R B E R  O P  ZONES 8 
NUMBER O F  REGIONS I f  
NDEBER 0- BLACK ABSORRFR ZONFS 0 
BOUNrARY I N C I C A T C B S -  L E F T  7 6 K C H T  2 

T O ?  2 BCT'IOR 1 

D I R E C T  CONCENTRATION SEBRCH 

STOR A G  E A V R I L  A E I E 
NACRO CALCULATION 
EQUt.TIOlr PONS'? AhPS C I L C U L B T I C N  

CORE CCNTAINRD O R  CFACE STOaED 
P L 9 N F  STORFC 
R O B  STCRED 
MULTI- IEYFL PLANE S ' I O R I L  

I I I ITXAL FLUX 
I N I T I A L  CVEFRELAXRTIOW PARANETERS 
I T E R  ATIYE PFOCESC 

CCRS CCYTPINZC 
'iPACP S??PFD 

1 P L A N E  STOBTL 
1 P L Q F F S  c T o r ; y n  

KIERORY REQOIREt fENT5 FOfi D A T A  S T O B A G E  

C D IOTA L A 3 
ilINI8UM !!bXIHUR 

l C C C 0  
9 68 

1395 1 3 9 6  
1 7 3 6  7736 
7 05 7 0 5  

7 7 4  7 7 4  
u so 

18E9 I ee9  

E 2 2 7  6 2 5 5  179  u &O 7 07 
3C4h 2067 779 2 00 0 
37 27 2 7  UR 7 7 9  2 00 0 
? I 2 7  27 UR 779 2 00 0 

c 
v1 0 

w m 



10  ROUS STORED 
1 ROU STOREC 
1 HULTI-LEIBL PLANES STOSBD 

PBBTUREATIOI CILCOLATION 

2961 
979 

4559 
9 34 

1982 779 
0 779 

10 io 719 

2 00 0 

200 2560 
2 00 n 

DATA WILL BE STORED FOR ALL GRCUES, ALE SPACE 

B B l O R f  LOCATIONS RESEEVBD FOB D A T a  STJIAGE--- 10000 
l A X  LlBHORl LOClTfONS R E Q U I R E t  FOE 'IAIS PROR-- 8221 
8 E l O R r  LOCATIONS NOT USED-------------------- 1779 

DD PARANETBRS PCtLOll FOR El = 3 E I C  A N D  8 2  = 544C 
E20 3 1 3 s  12 14f 1 AS= € N6= 10 N?= 1 N e =  1 19- 1 8 1 0 s  1 A l l =  1 N 1 2 =  U N13= 1 N 1 4 =  1 N15= 10 

REPUIBED DISK STORAGE SPACE FOR FKCrX:UlITS 29.27.28) IS i o t t c  e y i f s .  

FOR CCFSTALTS(UI1'I 23) IS-- 42240 BYTES.  
?OB COBSTBUTS ( U N I T  4C) IS-- 3264C BYTES. 

R E Q U I R E D  TOTAL DXSK STORAGE IFACI IS------------------- 3 4 6 f E O  BY'IES.  

THE RBGXOU SIZE POR SMLL PRCBLXPS IB THB A L L - S T O R E D  NOCE I S  AEEBCXIPA'IELY 240R BYTES. 
TEE REGION S I Z E  FOR LARGE F R C B I B C S  I H  %HE PLANT-STCREf MOTE IS BPPROXIRATELY 310K BYTES. 

C I R E C T  ACCESE LAZACET REQUIEE?IEN'IS 

IMX Inm 
USIT WUBBBR OF 

23 5 0  
24 5 
27 5 
28 5 
25 50 
26 50  
50 5 

ROlEBR LOGICAL RECORDS 

ERISICAL 3BCORD IS 7 i C O  UCBDC 

I O C I C I I  RECORD FEIISICAL REC N U M E E R  CF PHYSICAL RECORD ~ 

IPAClR (UDKDS) /LOGICAL AEC F B I S I C A L  RECORDS L E I G T R  :HOSES) 
120 1 50 120 
340 1 5 340  
340 1 5 3 40 
340 1 5 3 40 
34 1 5 c  36  
34 1 50 36 

7 07 1 5 708 

STORIIGE FOR HACRC CALCULATIOI 
SUPPLIBD 10000 
REQUIRED 969 

STORAGE POR SBAKCH l A C R O  CILCULL'IIOI 
SUPPLIED 10000 
REQUIRED 8 5 7  

PRINCIPAI HACRCSCOPIC CROSS CECTIOWS 

G R O U P  
ZONB 

1 
2 
3 

1 
5 SI GA 
2.5164651 00 5.79266CE-03 
2.491580E 00 4.3301368-03 
t.491576E 00 8.3301408-03 
2.9915762 00 5. 3 3 0 1 & 0 ~ 0 ?  
2.1915761 00 4.33014CE-03 
2.4915762 00 1. 3301SCE-OZ 
2.12120CE 00 8.1904633-04 
2.1212001 00 8.19046?€-0q 

SI0 LP 
1.4 1166 42- (1 2 
9..?15155E-C? 
9.2 152252-03 
9.2152258-C: 
9.2 152258-03 
9.2 15225E-03 
6.389623E-06 
6.3 e9623E-CC 

SIGCP 
1.5368C9E-13 
1.034395E-13 
1.0 343idE-13 
1.0 3 43 26 E- 1 3 
1.0343i6E-13 
1.0343263-12 
0.0 
0.0 

S XGAS 
9.4 01 21 5E-04 
c.0 
C.0 
C.0 

c.0 
c.0 
(1.0 

0.0  

SIGNPS 
2.8495085-03 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 

GROUP 2 
z o m  D SIGA SIGNF SIGI iF  S X G A S  SIGhPS 

2 1.436300E 00 1.975165E-03 9.1 10016E-01 1.033252E-19 C.0 0-0 
3 1,436299E 00 1.9?51fCE-0? 9.1 1002711-04 1,033252E-14 S.0 0.0 

i 1.45361 7~ 00  3.34261713-03 ~ . E ~ ~ c o E - o ~  5 .  4 164 I ~ E - I  4 6 .200797~-04  1 .4eu710~-0  3 



4 1.43829SE 00  1.97519CZ-0? 9.1 10027E-OU 7.033252F-IG 0.0 
5 l .438299L 00 1.975$7CT-O? 9.1 100278-04 3.0332523-1a C.0 
6 9.4382991 00 3.9753703-03 9.1 10027E-04 1.0332521-14 0.0 
7 1.276845E 0 0  5.05748CE-09 0.0 0.0 c.0 
8 1.276845E 00  5.05748CE-0Y 0.0 0.0 C.0 

GROUP 
$OW3 

I 
2 
3 
4 
5 
6 
7 
8 

GROUP 
%ORE 

I 
2 
3 
4 
5 
6 
7 
8 

G R O U P  
$ONE 

4 
2 
3 
I) 
5 
6 
7 
8 

3 
D 
9.449532E-01 
9.359486E-GI 
9.359536F-01 
9.359536E-01 
9.359536E-C1 
9.3595363-01 
6-1926863-0 1 
6.992686I-01 

4 
Y 
6 45259 3E- 0 1 
6.41 31C77P-01 
5.413(173E-01 
6.41 3473B-01 
6. Li73473P-07 
6.413473E-01 
3.954461F-01 
3.95416 ?E-01 

5 
D 
6 . 7 8 ~ 5 7  a k - 0 3  
6 . 9 0 3 ~ 5 a ~ - o ~  
6.903529B-03 
6.9035272-01 
6.903527X-07 
6.903527E-01 

3.86915YL-01 
~ . ~ ~ ~ I S U E - C I  

S I G A  
6.746028E-03 
5.115528&-0? 
5.715535E-03 
5. 1 1 5 5 3 F E - 0 2  
5.3155353-03 
5. l l 5 5 3 5 E - 0 2  
1.69223 4E-03 
1.6 4 2 2 7  9E-0 3 

S I G A  
l.!i?0309E-02 
1. 17991 7 2 - 0 2  
I. 1794228-02  
7.199922%-02 
1. 17942 iE-02  
1. 7794228-02 
7.72963eE-62 
9. 729638Z-03 

SIC my 
5.4 72325E-O? 
1.0 750832-02 
1 .0 750 8 41-0 3 
1.0 75 0 E4E- C 3  
1.0 7508UE-03 
1.875084E-C3 
0.0 
0.0 

SSGNP 
1.068695E-02 
2.338645B-03 
2.1386Q7E-0? 
2 . 1 3 8 6 4 7 ~ 0 3  
2.1386 47E-C3 
2.1 386073-03 
0.0 
0.0 

SIGYF 
6.159450%-14 
1.2 3874 D E -  14  

7.2389U?F-lU 
1 .238741  E - 1  9 
4.236741E-14 
0.0 
0.0 

7.2387 41 E-i 4 

SIGPP 
1.29202fE-43 
2.8720 50E- f 4 
2.472052E-14 
2.472052E-14 

2.472052F-14 
0.c 
0.0 

2 . 4 7 2 0 5 2 ~ - ? 4  

SIGUF 
3.23P31i7Z-4 I 
6.5E63E2S-9 U 
6.586387E-lq 
6.5E63 E 7 E - 7 4  
6 . 5 6 6 3 & 7 F - I a i  
5.5E63E7E-14 
0.0 
0. i 

E.i 

S I G A S  
8.671 052E-04 
0.0 
C.0 
C.0 
0.0 
0.0 
c.0 
c.0 

S I G A S  
i - 3  5 0  783E- 0 5  
c.0 
c.0 
C.0 
c - 0  
c.0 
C.0 
C.O 

S l G h S  
5.607 5443-03 
6.0 
c.0 
6.3 
C.0 
C.0 
c.0 
c.0 

0.0 
0.0 
0.0 
0.0 
0.0 

SIGNFS 
1.60451 ?E-03 
0.0 
0.0 
0 . c 
0.0 
0.0 
0.0 
0.0 

S I G X P S  
3.078995B-03 
G.0 
G. 0 
0.0 
0.0 
0.0 
0.0 
0.0 

SIGNPS 
8.:C6362E-03 
3 . 0  
0.0 
0.0 
0 .0  
0.0 
0 .0  
0.G 

1/P COHSTART FOR 3.Ll ZOWES 
3.876O98B-04 7 - 1 2  t93OE-03 3. Ce 1634 E- 03 g. 122663E-03 2 . 3 9 3  973 F- 02 

ZOUE VOLBAES 
2.669834E 0 5  2.2350573 0 5  4.t7ft149I 05 3.!72882F 0 5  i.F6CC26E C5 2.0830662 0 5  4.998512C 05 4 . 4 5 9 4 3 4 F  05 

SCATFXAfldG OACROSCOFTC CBOSS SEC‘I’IOFIS 

GROUP t f l B B I D  1 B J Y  
TPO 

0.0 0.8 

GROOP 2 R B a g r  2 833 
TPO 

0.0 3.0 9 9  18 6E- 02 
0.0 3.27227 3L-02 

GROff? 3 # B A N D  3 BJ3 
TPO 
0.0 6.35490 1%-03 
5-6692243-04 C.O 
6.46 32373-03 S. 6 6 9 2 2  4P- C4 

3 

Q,C 

1 

0.0 
0. c 

1 

0.0 dl. C 

3.27i266E-02 C . C  
3.2922732-02 C . C  

0.C 0.0 

3.272273E-t2 3.0 
2 . & 1 4 4 5 2 1 - 0 2  0.0 

C . O  

3 . 2 ? 2 2 7 j  E-02 
2.41 W52E-02 

5 .  2 1 ~ 8 a 4 ~ - 0 4  0.c L.4632C7E-03 5.6691311-OU 0.0 6.463237E-03 
6.403237E-03 5.66922GE-04 0.0 6 .463237I -03  5.669224F-04 0.0 
0. t 4.524044.E-03 f.534E05E-04 0.0 0,5240 14 E-03 6 . 9 3  48 OS E-04 

c. 
ui 
0 
1 w 

m 



GROUP 4 R B A N D  4 N3J 
?EO 

0.0 5.59 1076E-!I 3 
0.0 5.58904 OF-03 
0.0 5.589QQOE-33 
0.0 7.26468 1E-03 

GROUP 5 ? l B A N C  5 NJJ 
T PO 

0.0 ?. 247920E-03 
1.405917E-08 S . 1 5 6 9 5 2 E - 0 8  
3.246958E-03 3.342087E-86 
9.15695EE-Cn '2.0 
0.0 5.48651 aP-08 

CCATTEEING B E I I C V $ I  
GROUP 1 

GROUP 2 

GROUP 3 

GROUP 4 

GfOUP 5 

3.152382D-02 3.330036C-02 

6.36120811-03 6.430796F-0 3 

5 . 5 9 3 9 3 ~ ~ - 0 3  5.592799c-03 

3 .2479210-03  3.246958C-03 

a. 0 0.0 

F I N E  RESB D E S C A I F ' I I O N  - PCIll 
DISTANCE TO P O I N T  - fIHENSIOB 

1 6.2410 2 10.8097 
9 61.3612 10 OR.4633 

17 111.5037 
DISTRNCE TO B f l U W f A R I  

? 0.0 2 8.8261 
9 57.4820 10 65.0093 

17 109.0559 18 113.8990 

1 2.0400 2 6.1200 
D I S T A N C E  'IO P O I N T  - D I R E N S r O B  

q 46.4150 i o  52.8450 

9 43.2000 io ~ 9 . 6 3 0 0  

D I S T A N C E  T C  B O U t i t A R Y  
1 0.0 2 4.CBOO 

SEARCH L I M I T I N G  FBCTORS - S P 1  

1 

7. CEE573E-06 1.C3E582E-C5 C . C  
7.527407 E-06 1.0620 10  E-O 5 C. C 
7.";74C7E-06 1.t62t310E-CS C.C 
1. 1C3266E-05 3,452154E-C5 C.C 

1 

5.5 8 9 4 1 4 E- 0 3 7.5 2 73 9 1 E-0 6 'I. 0 6 20 08 E- 0 5 

5.5844 40 E-03 7.5274 07 E-06 1-06 20 10 E-05 
5.58944a1-03 7 . 5 2 7 4 0 7 ~ - 0 6  i . o f i 2 o i o ~ - a 5  

7 . 2 6 ~ 6 8 1 ~ - 0 3  1 . 3 6 3 2 6 6 ~ - 0 5  ~ . ~ ~ Z I ~ ~ E - C I S  

2. e 3 4 7 5 9 ~ 0 6  1 . 4 0 5 9 i e ~ - a 8  9 . 1 5 1 5 ~ 5 8 ~ - 0 8  0.0 3.546953E-03 3.342082E-06 
a. c 3.24695EE-C? 3.34iGe7B-C6 1.405918E-08 9.156958E-08 0.0 
1. I4C5918E-08 9.1?6958E-0@ C.C 3.246958E-03 3.342087E-06 1.405918E-08 

11. 5 I 6 136E- 0 3 3. i(lE958E-03 3.242087E-06 1.40591RE-08 9.156958E-08 0.0 
3 . 5 3 3 3 9 3 ~ - 0 7  0.0 4. e i t 5 1 2 6 ~ - 0 3  0.0 "486510E-OR 3.573390E-07 

3.Z3CO3aC-02 2.  ?3C038D-02 3.33CC38D-C2 3.330038C-02 2.487289D-02 2.487289D-02 

6.4 i C B O O C - 0  3 €. U7C80CD-03 C. 47 C E C O D -  03 6. 4708 00 f -03  4.5356 99D-03 4.535699 0-03 

5.  E 5 i 8 C L C - 0 3  5 .  PSi802D-03 5.5928020-03 5 .592802f -03  7.264688D-03 7.264688D-03 

3.2 4 t959 C- 0 3  2 .  24v35SC-O 3 I .  24 E S59D- 03 3.2469 59 f-(13 4.51 61 4 1  0-03 4.  51 61 41 D-03 

0. c c.c c.c 0.0 a. a 0.0 

IS I C C B L E D  1T ?HE C E N ' I L C I C  Gk THf 1 O L U I E  EIEUEIIT 
1 [IFFT ' I O  R I G H T )  

3 20.7514 4 3 1 . 3 ~ 9 1  5 39.1139 6 45.3280 7 50 .5416  a 5 5 . ~ 6 5 4  
11  74.8950 1 2  81.7364 1 3  88.8928 14  95.5146 15 101.3582 1 6  106.5518 

3 12.4820 4 26.5601 f 35.4271 6 42.4820 7 48.0056 8 52.9562 
1 1  71.7513 1 2  77.9120 13 e5.3896 14  92.2632 1 5  98.6590 1 6  103.9875 

2 (1CF I C  BCTTOH} 
3 1 O . i O O C  4 15.2567 5 21.2900 6 27 .3233  7 33.5550 8 39.9850 

3 8. 1600 11 12.2UOO 5 18.2733 6 211.3067 7 30.3400 8 36.7700 
1 1  5 6 . ~ 6 0 0  

-5 .8i I5285Z G O  5P2 = -1 .039481E 01 S A  = 1.009960L-02 SWP = 1.712408E-02 

R E P P R E N C E  Z O N E  FCR INITIAIIZitZICb b I I L  BE 1 

SllH Of' R E G I C N  PCIIJKES F R O R  GEOCS7 2.284751C C €  
S U R  OF RBGXOS 'ICIUMEE. C O N P U T E D  FBCF P O I N ?  P C I U F ' E S  2 .2847€91  O €  
SUM CF ZCNE V O f U F E S  (FROM C O M F U T I C  R E G I O N  ' I O L C R E Z )  2.2f47ESf C6 
Sun OF Z O N E  V O L U F E S  FROM NDlSRP i . 2 e 4 7 5 1 r  C6 

I N I T I A L  E L U X  IS C O N C l l i H I  

E N E R G Y  DEEENDENT C O E R R E L A X A T I C N  C O I P P I C I E R Z S  C A I C U L A T E D  
SPACE POINT A T  scxum = 2 R O Y  = 9 eLnAE = 1 Z C B E  = 1 
Ir = 1 PI: = 8.977555B-01 T L  = E.7~3311E C2 1L = 5.15ECE9E C 2  XREC = 9 
K = 2 FK = S.5123CW-01 T I  = 2.131077E 02 T L  = 2.978376F 02 N E E C  = 19  
I = 3 FK = 9.C88309E-01 T I  = 2.129929E 0 2  Tf = 1.9357051 0 2  N R E C  = 29 
I( = 4 FK = 8.1559533-01 TI = l .621023E C2 I t  = 1.3220S9E C2 NFBC = 39 

R H O n I N  = 7.14@064E-01 Q P  = E.5184SSE-01 RHCRAX = 9.363526?-01 
K = 5 FK = ~ . ~ O R U ~ S E - O ~  TL = 1 . 9 0 1 2 0 9 ~  02 T C  = i . 3 8 ~ ~ ~  c2 N Z E C  = 4 9  

N B J  = 1 XJ 9.957342E-C1 
N R I  = 2 X I  = 9.876864E-Cl 

NBKA = 0 X X B  = 0.0 

P cn 0 

w W 



A FLUX - EIGFNYAIUE PWBIER F C I L C Z S  

PPOC=0, 1,2,3,P-NORNAL,CAEBPSREV, I E r E X ,  CBMEX,  SEREXP. ICYE-0, I-YES, NO INNERS COHIR. OCVFi=O ,I-YES ,NO C U T E R S  C O N V R .  
I T E R  P R C C  ICY6 OCVR FLUX C R l W C E  H U - E A 6  NU-1 IU-LCSS A C C E L E R A T I O N  PAAANETERS R SEARCH BACTOI; 

4 IWHERS # I N ,  4 INNERS N A I I  - C H E B Y C H E V  B E T A  O N  CUTE85 

0.6306038 c , o  1 0  1 1 4.395E4t  c 1  0.0 0.0 C . C  0.0 0.0 
2 0  1 1 7.73169C 02 0 .16135 l77 .11836  - C .  36335 0.19240 0.C 0.6631133 0.0 
3 0  1 1 2.237471 E2 0.61604ii5.03P84 C.50434 0.30551 0.09595 0.7846156 4.87592D-61 
4 0  1 0 1.6€452L C1 0 .23920  16.71962 C.44247 0.23130 0 . 1 0 1 4 4  0 .8353485  7.66376D-Cj 
5 0  1 o 1.2135UT co 0 .13122  '1.286115 e . f 3 7 i r (  0,36150 -0.05749 0.a749117 9 . 7 5 6 6 5 ~ - 0 1  
6 0  1 o -5 .36175r- t i  0.329CE 0 .1e254  C.03377 -0.04917 0.05968 0 . 9 0 0 9 9 2 3  i . 13464n  00 
7 0  1 0 -3.35712C-C1 0 .30461  0 .29041  C.71951 0.41567 0.00756 0.9201270 7.262100 00  
R O  1 0 -2.42356C-Cl 0.4769; 0.47956 C . 5 5 2 7 9  -0.53152 0.33070 0.9348865 1.36698D 0 0  
9 0  1 1 -7.86592C-El 0 .78966  0.5E332 C.69C66 -13.68420 3 . 3 4 4 3 5  0.9571706 7.542259 C O  

10 0 1 1 -1 .35901C-01 0 .79475  0.59200 O . E 0 2 E €  3.91107 -0.03009 0.9866U79 1.789590 00  
1 1  0 0 0 - R . 0 € 9 7 7 t - C 2  0.77327 0.51354 C.16570 0 .09795  2.90614 1.0126222 2.00778D C C  

73 0 1 0 -1.43415f-C2 0.28388 0 .34850  - C .  71923  2 .04299  -1.37790 1.0102849 1.97915D 0 0  
14  0 1 0 - 4 . 5 1 4 1 7 C - C 3  0 . 3 3 3 7 C  C.31025 C.Cl5e7 0.34723 0.04049 1 .0100230  1.97577D C O  
15 0 0 0 -1.65055C-03 0.48145 0.40809 13. i 2 E 7 3  -27.91890 7.49786 1.0100522 1.97549D 00  
16 0 0 0 -6.891671-04 0 .51781  C.4756C C.57769 1.27472 -0.C8993 1.0100169 1.97467D 00  
1 7  a 0 0 -4.64501C-C4 0.57C54 0.54441 1.671C5 9.76893 -3.90170 1.0100131 1.97466D C C  
16 2 0 0 -4 .04437C-04 0 .56723  0 . 5 6 5 8 9  O.f732?  0.47436 0.0 4 .010009 l  1.9745033 00 
19 0 0 0 -1.38112L-C5 0.0 0. c c . c  0.0 0.0 1.0099992 1.97430D 0 0  
20 0 0 I - i . 4 6 6 ~ 3 ~ - ~ 5  0 .66847  4.06147 i . r 4 6 7 u  0 .02121  0.02966 1.0099996 1.97430D 0 0  

12  0 C 0 -3.95251C-02 0 .53661  0 .45027  -C.COS37 -4.66329 4.45432 1 .0097924  7.97670D C C  

**********SEARCR E I G E N V A L C I E  EINGP T I O L A T F C  - C A Z C U L B ' I E D  1.9743CE 00 USIVG ? . o C o O O D  00 
DENSITIES UPDATED P C F  D I R E C T  SEASCF WIT9 C R A N G E  EIGETIAICF 1.CCOOOE 0 0  
P R O C E E D I N G  WITH SECONDARY SEARCH 

STCRRGE FOR R A C F C  C A L C U L A T I O N  
SUPPLIED l O O O C  
F E Q n I R E D  969  

FRINC1L)AI NACRCSCOPIC CROSS SECTTONS 

GROUP 1 
TONE r) SIGA SIGNP SIGbF 

1 2.461064E 00 6,73278eE-03 1.706615E-02 1.832810E- 
2 2.4915ROE 00 4. 3?013€E-O: 9.2151S5E-C3 7.0343iSE- 
3 2.491576E 00 4.33014OE-03 9.215225E-03 1.034326E- 
4 2 .491576f  00 4. 330140E-O? 9.215225Z-C2 1.034326F- 
5 
6 
7 
R 

G R O U P  
ZONE 

1 
2 
3 
4 
5 
6 
7 
8 

2.491576E 00 4.33014CE-03 
2.491576I  00 4.33014CB-03 
2.121200Z 00 8. 1qOU63E-04 
2.121200F 00 8-3904637-04 

2 
D 
3 .4274241  00  
1 .4389002  00 
1.436299E 00  
1.4382998 00 
1.4382992 00  
1.438299E '20 
1 .2768451  00 
7.2768452 00  

SIGA 
3.962696E-03 
1.97516LE-03 
1 .97517SI -03  
1.975170E-02 
1. 97517CE-03 
4.9751701-03 
5.05746CE-04 
5.05746Cfl-04 

9.2 15225E- C 3. 
9.2 '15225B-03 
6.3 E96 2 32- C t  
6.3 a 9 6 2 3 ~ - 0 6  

SIC ti? 
6 .3225  1 4E-03 
9.1 10016E-C4 
9.1 10027E-04 
9.1  10C27E-04 
9.1 130 27E-0 4 
9.1 10027E-04 
0.0 
0.0 

1 

S I G ' d F  
7 .079309f -14  
1.033252E-14 
1.0 332S2 i -14  
1.0 332 52E- 1 4  
3 .0332522-44 
1.0 33252E- 1 4  
0.Q 
0.0 

SIGAS 
0.0 
c.0 
c.0 

C.0 
C.C 
C .o 
c.0 

c.n 

SIGAS 
c.0 
c.0 
0.0 
c.0 
c.0 
c.0 
C.0 
0.0 

s rG h ~ s  
0.0 
0.0 
0 .0  
0.0 

0.0 
0.0 
0.0 

0.0 

SIGNFS 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.. 0 
0.0 

S. P.-CALC 
0.0 
4.87592C 00 
3.27543C 00  
2.65926D 00 
2.56544C 00 
2.40926D 00  
2.310820 00 
2.24334C 00  

2.06232D 00 
1.97670D 00 
1.97915D O C  
1 .97577c  00  
1.975990 00 
1.9748711 00  
1 .974660  00 
1.97450D 00 
1.974420 00 
1.97430D 00  
1.97430D 00 

z . i 6 0 5 9 n  00 

R 
VI 0 

1 c 0 



A ?LOX - EIGBNVLLOE PROBLEO FOILCYS 

PROC=O. 1,2,3,4-RCBIAL.CHB6ISEEI. SEEEX. CEBEX,SEBEXP. I C V R = O ,  1-'I E S . N O  I N N E R S  CON Vh. O i V R = O ,  1-YES. N C  CUTERS CONV R. 
ITXR PROS I C V R  OCYR F I U X  CHANGE IlU-EAR B U - 1  FU-LCSS ACCELERATION P A R A n E ' I E R S  K - U S E D  t i -CALC 

4 INNERS N I B .  4 IRNERS 1111 - CBEBYCREV B E T A  CN CU'IERC 

1 0  1 1 - 3 . 4 5 6 7 2 ~ - c 1  0.0 0.0 C . t  0 .0  
2 0  1 0 -3.3@280C-C1 0 .77246  0.64033 -0.COi29 3.394E9 
3 0  1 o 2.01772C-C1 0 . 5 1 5 6 ~  1.OE53E - 1 . c 6 7 i e  0 .23692 
4 0  1 0 1.1504OC-Cl 0 .69823  0.6E23E -C.C2C58 0.76114 
5 0  1 0 3.39959C-C2 0.28830 0.31951 mC.945i6 -0.05794 
6 0  1 0 7.86578t-C3 0.2149C 0.23924 C.C946C 0.43653 
7 0  1 o 2 . 6 8 4 2 9 ~ - a 3  0 . 2 8 5 7 0  0.34395 - 0 . 1 0 ~ 6 8  0.07224 
8 2  1 0 8.84050t-C4 0 . 2 9 3 2 0  0.30184 4 . 5 1 7 2 8  0.094C5 
9 0  1 0 9.83939t-C5 0.0 0.c C . C  0.0 

-0.23510 10 0 1 0 6.71309C-05 0.73424 0.68234 1,02446 

BOTE RELAXED FLUX CBANGL ON €1857 FASS O F  I N C I f i E C T  SEARCA 

FINAL CALCULATED K E P P E C T I I X  0.9064591 
IULTIPLXCAT ION R ELIAEIL I T Y  EST I I  ATCRS 
BT THE sun OF THE SQUARES OF THE ~ ~ E S I D  DES------------------------- 0.9044544 

UPPER A N D  LOWER EOUNDS ESTIKBTES OVER ALL SIGNIPICAN'l PCINIS- - - - - - -  1.3166812 

FINAL GROOP OVERRELAXATICN CCEFPICIERTI A R E  t i U F E L R  O F  I N N I F  ITIEATIONS 

UPPER Anc LOWER Eouncs r!sTInR'IEs E Y  H A X  B E L  F L U X  CHANGE------------ G. 9045199  

1.414833 00 1.51558E 00 1.42CS7E O C  1.50794E 0 0  1 .36E62E C O  
4 4 4 4 4  

CFU A N D  CLOCK HINUTIS R E Q U I R Z D  PCfi THIS EIGENIALCE P R C B I B I I  AFE C.050 0.151 

COURSE BESH CAANGE E I G E N V A Z U E  I S  3.96143D-01 

SEFEREUCE Z O N E  FCR I # I T I A L I Z ~ ' I I O N  WILL BE 1 

SUI OF R E G I O N  'IOIURES PROB GfCCS'I 4.0261651: Of. 
SUI OF R E G I O N  VCIUBTS CORPUTEC F K C E  P O I N T  VOLUUEE.  1(.0261@6P C t  
SUI OF ZORB VOLIIES [ F R O B  CCHFU'KED R E G I O N  V C I U R E S )  4 .026186 t  C B  
SUI OP Z C N E  V O L U l r Z S  T R O I  R C X S R I  4.026lF5r  C t  
I6J = 1 XJ = 9.9573428-61 
881 = 2 X I  5. 9.876884B-CI 

REKB = 0 X K B  = 0.0 
anaai  = 9.831193o~-oi  A R D A G  = 9 . 7 8 0 5 1 4 ~ - 0 1  
RHO 8.8221 0 €E-0 1 8 . 9  202 35E- C 1 5 . 8 3 7  236E-0 1 E.667 3 E9E- C 1 A .5 184 95E-0 1 
BETA 1.359753E 00 1.377421E CO 1.362369E O C  1.3344351 C C  1 .312519F 00 
N I N R  4 U 4 9 4 
ELAPSED CEO A N D  CLOCK HINUTBS A R E  0.238 4.730 

0.0 
0.0 
1 .3607@ 
0.4907 1 
0.76164 

-0.05178 
0 .06408  
0.0 
0.0 
0.14693 

1.0099993 
0 .899  1243  
0.9082068 
0.90 29 37 1 
0.9047852 
0.4045303 
C. 9045002  
0.9044780 
0. 9044647  
0.9044611 

0.R991243 
0.9062068 
0.9029371 

0.9045303 
0.90450 02 
C. 9 044 7 60 
0.9044677 
0.9G446 11 
0.9044591 

c. 9047852 

0.9043934 
0 .8060398  



&i FLUX - Z I G E N l l l L O E  PROELEL( F O L Z C N S  

S R O C = 0 , ) , 2 , 3 , Y - W C R ~ ~ L , C ~ ~ ~ ~ ~ ~ ~ V , S ~ ~ ~ X ,  C B B E X , S E R E I P .  ICYR~O,?-PES,NC INHERS COHVR. C C V R = O ,  I - I E S , N O  C U ' I E R S  CONVR. 
ITEB PBOC ICYR O C I R  ?TO% C A A B G Z  B O - E A 5  NU-I E O - L C S S  A C C E L E R A T I O N  F B R B r l E T E R S  K-USED K-CRLC 

4 IWNEBS 4 I R N B R E  MA31 - C H E B Y C A E Y  EETb 61 C U T E F S  

1 0  1 9 
2 a  1 0 
3 0  4 0 
8 0  1 0 
5 0  f 0 
6 0  3 0 
Y O  1 0 
B O  1 0 
9 3  1 0 

10 0 0 0 
14 0 1 0 
72 0 1 0 
13 0 4 7 
14 0 4 0 
15 0 I 0 
15 0 4 0 
9 7  0 1 0 
18 0 1 0 

-6.56043E-01 
- 6 . 5 i E 0 8 E - C ' i  
-3 .74184t-01 
-7 .84709f -81  

-3.905811-02 
-2.09909f-C2 - 1.2 4828C-C2 
-2.8 97 19 C-02 
-4.OCO46C-C4 
-3.651 332-GQ 
-2.3 2967r-04 
-2.2E5541-CU 
- 4.7 9763 L-04 - 1.27 E ?  1 C- C4 
-7.8637OC-CS - 4.7 33 55 E- t5 - 3.6 7 6  4 0 I- t 5  

-E. Y ~ i a 9 e - ~ 2  

O..G 
0.6679 4 
i . . 3 B O ? C  
0.3500Q 
0.36183 
9 .5281  E 
0 . 6 O C O C  
0.6412C 
0.66738 
0.0 
0 .86805  
0 . 6 5 8 1 8  
1.04162 
0.724Y8 
0.6714$ 
0 .5623C 
0.60733 
0 - 6 4 7 7 2  

0.0 
0.34216 - 
0.19759 - 
0 . 3 1 1 9 3  
0.36307 
0 . 4  376 8 
0.59644 
0.592'1 E 
0. 62929 
0.0 
0.91232 
0.5 3784 
O.YE083 
0.73634 
0.7  I005 
0 .58453  
0.631616 
0.76396 

0.C 
~ C . C O C F 9  
.c .  E 3 6 5 6  
G.ll!lil 
c .  c 7 9 1 9  
0.57 '1 e6 
t . 56547  
C .  56545 
0.52235 
t . C  
7 . C 1 5 C 5  
0.45ES6 
1.C33Q9 
0.S8lS7 
t.C3 ? E 6  
t.S864Y 
1. c o  i 48 
d . S 8 4 i 6  

0.0 
2.29452 
1.44775 

0 .23665  
-1.33320 

2.06629 
3.201 26 
3.89562 
0.0 
0.03355 
9.40839 
3.95660 
2.9517U 
2.56424 

-23.20021, 
0 .94596 
5.49334 

0 .58697  

9.0063777 
7.0064 163 
I .  0342535  

BfRAb. GRCUP O V k ? B R R Z A X A T I O N  CCBPPICLENTS A N E  # O I E E R  0 3  P X N E E  T T E 5 6 T S O Y S  
4.359841 00 7.48'133E 00 1.97(3748 O C  7.431C1E 0 0  4.35C04E 00 
4 4 9 4 4  

CPU BHD CLOCK HIhUTSS K B P U S R E D  FOR THIS E I G E N T A L C E  P R O B X E R  A F E  6.083 0.212 

4.095473r  C C  
4 . 0 9 9 4 7 3 T  C6 
4.0994731 C t  
4.059472C 0C 

E.662054E-C 4 8.518495E-0 1 
4.333617E C C  1 .3325193  30 

il li 

0.0 
0.0 - 1 . 2 2  3 6 '! 

-0.01e34 
0.42384 
0.46681 

-0 .2532e  
-0.76135 
-3.25344 

0.0 
0 .05288  
0.C372C 
2.083'14 
2. I U i 4 Y  

- 0 . 9 4 9 8 4  
! 9 . ? 4 7 5 9  

13.30297 
-1.99 4 7 2 

Y.OO9Y9Y3 
0.98-!3??0 
C .  9979253  
1.3009553 
4.0034464 
7.0045595 
1.0051981 
9.0055898 
1. G05841Y 
1.00 63469 
1.0063577 
1.0033645 
9 .0063693  
'I. 00 53729  
1.0063753 
3.0063772 
3.0063784 
I .  0063793 

0.984 31 70 
L. 9 979253 
2.0309653 
1 .0034464  
1.0045596 
9.5057981 
1.0055898 
'I. 00584 1 9  
4.00603Y6 
2.0063577 
1.CC63645 
1.3.363d93 
9.0063729 
1.0063153 
1.0063772 
I. 0063784 
1.0063793 
1.0063799 

1 .0063435  
9.?622&27 



A FLUX - E1RF"FVALIIY P R O B L E t  F O I l C R S  

PPOC=O, 1,2,  3,4- N C R M A t  ,C H F B l S H E  Y, SE ?E X, CEW B X , S E ff E 11 F. 
I T E R  e w c  I C P F  OCPR F L U X  C H A N G E  Mll-BAF 1 9 U - 1  PU-1CSS ACCELERATION P A R A R E I E R S  K-USED K-CALC 

4 I N N F R S  W I N *  4 I R H E R S  BAX - Y3 CAEBYCHEV BETA 
I CV A Z O ,  ?-YES, N O  IN N ERS CON YE. OC V R r O ,  1 - Y  ES ,NO CUTE AS CON VR - 

1 0  1 1 -2.3!3C5t-C5 0.0 0. c c.c 0.0 0.0 1 .0099993  7.0099992 

P I N A L  CALCULATED K E P P E C T I V E  1.CC99992 
FUIT I P L I  C A? IQN 6 E L  I A  B I L  ITY EST I19 ATCR S 
B Y  THE SO?? OP THE S@UARFS OF PIIE RESIDUeS------------------------- 1.0099969 
U P P E Q  ANC L C Y E E  E O U N C 5  ESTIRIIIIES E Y  U A X  R E L  F L E X  CHANGE------------ 1 .0100228  1.0099756 
U P P E R  ANC LOWEQ B O U N O S  E S T I E A I E S  CVER BLL S I G N I F I C A L ' I  FCIATS------- 1.0179673 0.9030859 

FINAL GROUP OVERRELAXATION CCEPPICIEBi'S A N D  H U I ' E E F  CF I N Y E F  ITEEATIONS 
1.30808E 0 0  1.52964S 00  1 . 5 1 5 4 3 F  O C  1.4C94CE O C  1.3457SE C C  
4 4 4 4 4  

C P U  A N D  CLCCK M I ~ U T E S  HEgrimFD P C R  T H I S  E I G E N ~ A L Z E  P R C B I E ~  A F E  0.007 0.045 

F I N A L  C O U R S E  E 9 S H  ZII 'IERPAL B C U W Q P F 1 P . S  
YRESH 0.0 ?.7651211: 0 1  b.OC7519D Cf @ . l i @ 7 1 9 D  0 1  1.101779D 0 2  1.3C92496 02 1.461649D 0 2  
YHESH 0.0 1.22400CC 0 1  3.0340COD C f  6.138575E C 1  
ZffESH 0.0 1 . O O O O O C D  0C 

DISTANCES T O  FINE llESH T N T E R F A C E E  
l / X X  1 0.0 2 12 .4813  
l / X X  E ? B . @ e 7 t  9 81.28;2 
1 / X X  1 5  130.9249 76 136.1945 
2/YY 1 0.0 2 4.08CO 
~ / I Y  8 3 ~ . 1 o i r (  9 4 5 . e 6 i 9  
3/zz 1 0 .G 2 1 .oocc  

I 8.8256 2 i ~ 2 e t ~  

2/y 1 2.0400 2 t.12CC 

3/2 1 0.5000 

"STANCES TO F L U X  POINTS 

'" 7/x E 78.1527 9 8 t . 7 7 i 9  
1/Y 1 5  133.5E57 1 6  13E.7543 

2/ 8 41.5E22 9 49.7U36 

3 17.6512 4 3 7 . I 5 S 5  5 50.0986 6 60.0752 7 67.8863 
1 C  91 .9318  11 101.4651 1 2  110.1'79 1 3  117.5013 1 4  124.3943 
1 7  l U ? . Z F i i  1 F  1 4 € . 1 6 4 5  

3 9 .1600  B 1 2 . i 4 C C  5 11 .2733  6 24.3067 7 30.3400 
1C 5 3 . 6 2 4 3  11 61 .1857  

c Ln 
0 

f. w 

3 2 9 . 3 9 5 2  4 44 . i752  5 55 .3123  6 64.0999 7 71.4725 
1 C  96.8162 11 105 .S115  1 2  1 1 3 . 8 9 8 5  13 120.9969 I 4  127.7014 
17  1 4 3 - 7 3 7 2  

3 IG.2CCC 4 15.2567 5 21.2900 6 27.3233 7 34.2207 
1 C  57.5C5G 

L P l K A G F  7.97046E 1 2  TOTAL L C C S Z S  1.04243E 14 TOTAX FFOCUCTIONS 1 .05 i85E  14  B E A C r O P  P O Y E R ( V A ' I T S )  2.345000 03  

PPIBITIYk PISSllE C C N V Z R S I O N  B A T I C  I S  l.23325r CO, E S T I R A T E  PC6 C R T T I C A I  SISTER I S  1.262980 00 
FISSILE DESTRUCTION PER UNIT B H E F G Y  (.kTOl'?S/lta'Il-SEC) I S  2.9?02?O 10  

F O U N D A R I  N E U T R O N  LPAKAGE 

G B P  LPT I E A K A G E  P I T  LEAKAGE TCP LEBKAGE 501 LBAKAGE P I T  L E A e A G Z  B A K  LEAKAGE 
f 0.0 2.9058hD 1 0  4.94740C 11 0.0 0.0 0.0 
2 0.0 3.6Ull4C 11 4.11278C 1 2  0.0 0.0 c. c 
4 0.0 6 .200073  1 C  5.67395C 1 1  0.0 0.0 0.0 
5 0.0 1.677250 IC 1.3f721C 1 1  0.C c.0 0.0 

SUB 0.0 6.23430E ? l  6.E4702E 1 2  0.0 F.0 0.0 

3 0.0 1.514RBC ? 1  1.526396 1 2  C.C 0.0 0. a 

GROUP N5IlTRCN E l L A N C E  FOR E A C R  Z C N E  

ZOHS GRP R B S O R P T I O N S  8 * * 2  135515 1 / V  LOSS OUT-SCATTIP IN-SCATTER P1 IN-SCATTER SODRCE POYEI(HATT.5) A V E R A G E  PLUK 
1 1 3.07638E 1 3  0 .0  0.0 5.13344E 1 3  0.C 0.0 7.13t196P 13 2.930123 02 2.48049E 0 9  
1 2 2.30175E 13  0.0 0. c 3 . 7 2 4 5 4 s  13 5.C46493 1 3  0 - 0  2.24929E 13 4.112053 02 9.013066 0 9  
7 3 2.07127E 13 0.0 0. c 1 ,525918  1 3  3.8OShUE 7 3  0.0 6.55628E 11 2.17605E 0 2  4,27054E 09 



1 
1 

son 
2 
2 
2 
2 
2 

SUR 

3 
3 
3 
3 
3 

5UR 

4 
4 
4 
4 
4 

SUM 

5 
5 
5 
5 
5 

SDR 

6 
6 
6 
6 
6 

SUE 

7 
7 
7 
7 
7 

sun 

8 
8 
8 
A 
8 

SUPI 

4 3.27916E 13 0.0 
5 2.4342CF: 12 0.0 

6.9?19RE 1 3  0.C 

1 5 .58662I  11 0.0 
2 1.71329E 1 2  0.0 
3 2.8092EE 12  0.0 
4 2.32775E 
5 5.916563 

8.0036GE 

1 9.63483E 
2 2.67771Z 
3 4.16134E 
4 3.4OC8C7 
5 8.656 7 GE 

1.20690E 

2 0.0 
1 0.0 
2 0.0 

1 0.0 
2 0.0 
2 0.0 
2 0.0 
7 0.0 
3 0.0 

1 3.2385433 1 1  0.0 
2 4.75646E 11 0.0 
3 8.627827 71 0.0 
4 7.86@62E 11 0.0 
5 2.28056E 11 0.0 

2.47720E 12  0.0 

1 6.7723CE 
2 3.110758 
3 6.21745E 
4 5.960518 
5 1.81503B 

1.770 159 

1 2.C574CE 
2 9.93946E 
3 2.0455UY 
4 2.05C3SP 
5 6.64347E 

5.95941E 

1 2.98626E 
2 1.81797E 
3 3.719959 
4 8.81739E 
5 3.81766E 

1. a 4 7  161: 

0 0.0 
1 0.0 
1 0.0 
1 0.0 
1 0.0 
2 0.0 

0 0.0 
0 0.0 
1 0.0 
1 0.0 
0 0.0 
1 0.0 

0 0.0 
1 0.0 
1 0.0 
1 0.0 
4 0.0 
2 0.0 

1 2.46245E 09 0.0 
2 2.190358 70 0.0 
3 5.24522E 10 0.0 
4 1.39387E 1 1  0.0 
5 6.79329P 10  0.0 

2.Rlrl_;8E 13 0.0 

3. c 
0. c 
3. c 

0. G 
0.0 
0. c 
0. c 
0.0 
0. c 
0. c 
0.0 
0. c 
0. c 
0.0 
0. c 
0. c 
0.0 
0. c 
0.0 
0 .0  
0. c 
0.0 
0.0 
0. c 
0. u 
0. c 
0. c 
0. c 
0. c 

0. 0 
0. c 
0.0 

0. 0 
0. e 
0.0 
0.0 
0. c 
0. 0 

0.0 
0. c 
0 .0  
t .  c 
0. c 
0.0 

a. c 

C Y E R A L L  N E U T R O N  IALANCE 

GRP ABSO.RPTION5 B**2 IOSSES 1 / Y  LOSS 
9 1 .253027  1 3  0.0 0.0 
2 2 .849839 1 3  0.0 0. c 
3 2 .979682 13  0.0 0.0 
4 2.71292E I 3  0.0 0. c 
5 4 .81722 '  1 2  0.0 0.0 

SUFI 9.67795E 1 3  0.0 0.0 

2.34507P: 12 1 .530962  1 3  0.0 
0.0 2.353103 1 2  0.0 
1 . 0 6 ~ 4 ~  14  7 . a t i m u  10 0.0 

4.2563CE 12  C.F 0.0 
5.612849 12 4.22178E 1 2  0.0 
3.07136E li 5.67944E 1 2  0.0 
6.4CE332 9 7  3.07742E 1 2  0 . 3  
9.0 f . 4269 iE  
1.36212E 1 3  1.?521:R 

7.4CS54E 1 2  C . C  
8.77234E 12 7 . i 8 1 0 9 E  
4.54957E 12  e .888263  
9.362432 11 4.55942E 
0.0 9.390073 
2.16677E 1 3  2.16677E 

9.524833 1 1  0.0 

1 0.0 
2 0.0 

0.0 
2 0.0 
2 0.0 
2 0.0 
1 0.0 
3 0.0 

0.0 
1.55824E 12 9.359613 1 1  0.0 
9 .432758  11 1.572643 1 2  0.0 
2 . l t 6 2 9 E  I 1  9.44827E 11 0.0 

3.67C62E 12 3.670623 1 2  0.0 
0.0 2 . 1 7 1 9 3 ~  7 1  0.0 

5.208148 11 
1.07910E 12 
6.798058 11 
1.64093E 1 1  
0 .0  
2.38381E 12 

1.57798E 11 
3.25623E 11 
2.23638E 11 
5.64473E 10 
0.0 
7.63506E 11 

9.06875E 1 1  
1.63C4CE 12 
4 . 6 7 6 2 i P  12 
5.151672 11 
0. C 
4.72867E 12  

7.478113 Y O  
1.96437E 11  
2.36351E ! 4  
8.14383E 10 
0.0 
S.R9007P 11 

0.c 
5.1178CE 

6.8075CE 
1.6450 31 
2.3838 12 

0.0 
1.5506 1F 
3.2793 C E  
2.23931"E 
5 -65 82 1E 
7.63507E 

i .0267 B E  

0.0 
8.8031 9E 
1.6514 95 
1-68 1666 
5.451992 1 1  0.0 
4.72867? 1 2  0.0 

c.0 0.0 
7.259132 10 0.0 

2.36959E 7 1  0.0 
8.14417E 10 0.G 
5.89037E 11 0.0 

1 . 9 a o j o P  1-i 8.0 

0.0 
1 0.0 
2 0.0 
1 0.0 
1 0.0 
2 0.0 

0.0 
1 0.0 
7 0.0 
1 0.0 
0 0.0 
1 0.0 

0.0  
1 0.0 
2 0.0 
i 0.0 

0.0 
0.0 
9.44991B Y3 

2 .366882  1 2  
7.46156E 1 1  
2.17497F 1 0  
0.0 
0.0 
3.1347BE 1 2  

3.76174E 1 2  
'1.7858% 12  
3.45665R 1 0  
0.0 

4.98219E 1 2  

6.53539E 3 1  
2.05028R 1 1  
6.00531aE 0 9  
0.0 
0.0 
8 .655732  1 1  

4. 33505E 71 
1.36662E 1 1  
3.98346E 0 9  
0.3 

a. o 

_ _  ~ 

c. 0 
5.74150E 1 1  

1 .414944  17 
4.46C55E 1 0  
1.30018F 0 9  
0.0 
0.0 
1.8740OE 11 

1.741582 O B  
5.49032F 0 7  
1.60033E 0 6  
0.0 
0.0 
2.30662E O R  

1.U3631E 07 
4.52714E 06 
1.3YY64P 0 5  
0.0 
0.0 
1.90204E 07 

1.122288 0 2  
2.65244E 07 
1.06057E 03 

1.33446E 01 
8.96261E 00 
6.80276E 00  
4.87895E 0 0  
2.01753E 00  
3.60064E 01 

2.301442 0 1  
1.4C077E 01  
1 .007683  0 1  
7.128038 00  
2.93192E 00 
5.7170RE 01 

2.95846E 00  
2.48820E 00 

1.64525E 0 0  
7.7766 f E-0 7 
9.962823 00  

l .d ' f766E 00 
1 .627303  00 
1.5C569E 00 
1.2493113 0 0  
6.1 89WE-03 
6.61890E 00  

4.9 C130E-0 1 
5.1995GE-01 
4.9533UE-01 
4.2 9758 E-0 1 
2.26539E-01 
2 .161713  00  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
3.0 
0.0 
0.0 
0.0 

2 . 0 8 9 2 5 ~  00 

O U T - S C A T T I R  I N - S C A T T E B  P1 IN-SCATTER SOURCE FOWEfi(#aTTS) 
6.56529E 1 3  0.0 0.0 7.87068E 43 3.3443733 0 2  
5.636033 13 t . 4 5 2 3 3 ~  1 3  0.0 2.481236 '13 4.38810E 0 2  
2.65393F 1 3  5.74009E 1 3  0.0 7.23234E 31 2.38570E 0 2  
4.95591E 3 2  2.671452 1 3  0.0 0.0 3.275438 0 2  

0.3 3.31169E 07 0.0 4.96971E 1 2  0.3 
1 .536098  1 4  7.53609E 1 4  0.0 2.042423 1 4  3.372502 0 3  

3.115163 0 9  
9.90652E 0 7  

2.39138E 0 8  
1.60779E 0 9  
1.01790E 0 9  
3.65821E 0 8  
5.67777E 07  

5.92202E O @  
3.608173 0 9  
2.16506E 0 9  
7.674322 0 8  
1 .192853  0 8  

9.09352E 0 7  
7.45603B 0 8  
5 .362093  38 
i . l 2106E  O R  
3.75377E 07 

3.20571E 07 
3.228136 0 8  
i . 4 9 1 4 2 3  08  

1.92609E 0 7  
1.035873 o a  

1.665982 0 7  
11.769183 08  
1.40583E O B  
6.11157E 07  
1.20923E 07 

4.43817E 07 
4.375573 O R  
2.808652 08 
1 .388563  O B  
3 .157953 0 7  

4.611325 06 
6.642613 0 7  
4.98999.E 0 7  
2 .765503  07 
7.102932 0 4  

Z O N E  VOLUPlBS F C I L C U .  T O T A L  V O L U N I  4.1i005E C E  



P O I N T  NEUTRON DENSI'XI ;AEUZRCNS/CC) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
6.413D 06 
1,4150 07 
2.113D 07 
2.653D 07 
3.3908 07 
4.1640 07 
9.809D 0 7  
5 .7760  0 7  
6.5568 07 
6-9785  07 

4.0988 05 
9.059D 05 
1 .3430  06 
1.663D 0 6  
2.0670 06  
2.504D 06 

3.488D 06 
3.853D 06 
4.C47D 06 

1 2  

2.99RD 06 

2 
6.261D 0 6  
1.382D 07 
2.0631) 07 
2.5900 0 7  
3.3100 0 7  
4.0650 07 
4.695D 07  
5 ,6380  0 7  
6.3991) 07 
6.812D 07  

2.748D 05 
6.Oe9D 05 
9.049D 0 5  
1.125D 06 
1.396D 06 
1.6648 06 
2.0070 06 
2.323D 06 
2.5560 0 6  
2.68OD 06 

1 3  

3 
E.80CC 0 6  
1.2860 07 
1.911E 07 
i . 3 9 S U  07 
3 .0650  0 7  
3.7691: 07 
4.3470 07 
5.22CC 0 7  
5.92Et  0 7  
6.306C 07 

1.82CC 05 
4.0621 05 
4.12CC OS 
7.8140 05 
5.77EC 05 
1.18OD 06 
1.402c 06  
1.6170 06 
1.77CC 06 
1.8585 06 

14 

4 
4.8340 C6 
1.0671: 07 
1.5930 c7 
1.9990 C7 
2.553E 07 
3.133D C7 
3.616C 07 
4.34OD 0 7  
4.925D C7 
5.2411: 0 7  

1.18OC C-E 
2.6471: 05 
9.0370 05  
5.6340 05 
7.282D C5 
8 .845C 05 
1.C52D C6 
1.211C 06 
1.3270 C6 
1.388C 06 

1 5  

5 
3.9750 C6 
8.7721: 0 6  
1.3C9D C7 
1.642E 0 7  
2.095C 0 7  
2.568D 07 
2.960E 0 7  
3.5490 0 7  
4.C240 C 7  
4.281C 0 7  

1 6  
6 . 5 9 2 t  c4  
1.570Z 0 5  
2.405D 05 
3.3831: 0 5  
4 .4348  C 5  
5.411C 05  
6.4368 05 
7.40SE 0 5  
8.1C8E C 5  
8.4781: 0 5  

6 
3.248D 
7.168D 
1 .C69D 
1.3405 
1.706D 
2 .C87D 
2.3980 
2.B69D 
3.250D 
3.4560 

17 
2.851D 
6.3630 
9.740D 
1.3790 
1 . E l O D  
2.213D 
2.6340 
3.C30D 
3,316D 
3.4670 

06 
06 
07 
07 
07 
07 
0 7  
07 
07 
07 

04 
04 
04 
05 
05 
0 5  
05 
05 
05 
05 

7 
2.643D 0 6  
5 . 8 3 3 D  OE 

1.088D 0 7  
1.3820 0 7  
1.6861) 07 
1.9290 0 7  
5.301D 0 7  
2.6020 07 
2.765D 07 

e . 6 9 5 ~  0 6  

8 9 
2.1251: 06 1.517D 0 6  
4.690D 06 3.349D 06 
6.985C 06 4.9830 06 
8 .7320  06 6.219D 0 6  
1.106D 07 7.871D 06 
1.3471: 07 9.696D 06 
1.5410 07 1.175D 0 7  
1,833D 07 1.3950 07 
2.0671: 07 1.5650 07 
2.1940 07 1.657D 07 

10 
9.744D 05 
2.152D 06 
3.197D 06 
3.9781) 06 
5.003D 06 
6.142D 06 
7.4560 06 
8.799D 06 
9.8150 06 
1.0360 0 7  

11 
6.2320 0 5  
1.377D 0 6  
2.042D 06 
2.533D 06 
3.164D 06  
3.856D 06 
4.648D 06 
5.444D 06 
6.040D 06 
6.3590 0 6  

?HE B B L k T I V Z  NEUTRON CENSITT TRAVERSE L E F T - I C - R I G H T  IS 
1. O O O O O D  60 9.76171D-01 9.03722D-01 7.5107OC-01 6.135310-01 4.95273D-01 3.96231D-01 3.144070-01 2.3741OD-01 
1.484671-01 9.11240D-02 5.80C17D-02 3.84098E-02 2.66270D-02 1.9894OC-02 1.2149iD-02 4.968E4D-03 

THE R E L A T I V E  NEDTRON DENSITY TliAVfRSB 1OP-PC-PO'I IOR I S  
9.190480-02 2.02830D-01 3.02€61D-01 3.802111:-01 4.857940-01 5.96689D-01 6.892130-01 8.27669D-01 9.394250-01 
1.000000 00 

POWER D E N S I I I  I N T E R F A C E  FIXE E P D I N T  H A S  BEER WRITTEli G K  CLC ONIT N U R B E R  2 0  
E L A F S E C  CFU A W C  c L a a  K I N U T B S  A R T  0.540 8.230 



ADJOINT P R O B L F N  P O L L C D S  

PQOC=O,  1,2,3,4-HC~~AZ,CHeBISRr~,SErEB, CENEW.SEP'6XF. PCYR=C,1-YES.WO INHERS CON'OR.  OCIR=O.?-IES.NO OUTERS C O B T B .  
la ' I N H E A S  NTN, 4 I N N E R S  M A X  - C d L E Y C R E I  E E T A  CN C D I E F C  

EU-EBP PIU-1 IO-LCSS ACCEZERA'IIOW PARAPIETEHS rmn PKCC IcTi  O C V F  FLUX C H P N C E  
3 0  1 f 1.405373: C1 
2 0  1 1 2 . f i 6 4 3 E  C f  
7 0  7 3 1.17634t C O  
il .: 7 0 2.46261f-09 
5 0  3 0 1. 1t764E-C1 
6 0  7 G 4.74393E-62 
? 5  1 G 2.371062-C2 
f l u  1 U 1.0325RE-t2 
9 0  I c 5.71243C-C3 

10 0 1 0 3.qC582C-C3 
1 1  0 1 0 1.95479r-C3 
12 0 1 0 7 .  f47Y5L-C3 

0 8. iCb$2f-C4 
? 0 5.46794C-04 

13 0 
? 4  0 
15 0 7 0 3.64485T-C4 
16 c 1 0 2.3C699C-04 
17  0 1 0 9.64565T-CS 
19 a 1 c ? . o ~ o ~ B c - c ~  
99 5 1 o 7 . 3 ~ 8 9 8 r - c 5  
20 0 0 0 4.65495L-05 

P U I T I P L I  CAT ION R E L I  A BIL I T Y  EST IR PTCRS 

0.0 0.5 

0 . Q 6 3 1 5  f . 2 i S f i  
0.34592 3.45560 
0.42794 0 . 5 5 0 8 €  
C.40834 0.4534k 
C..96;3€ 0.45757 
0 .53636  0.5089C 
0 .58825  0.55894 
0 .54304  0.5468C 
0.68C78 0.63'13E 
0 . 6 5 2 2 9  0 .61377  

0 .55243  '3.52594 
0.71@EC O.?C564 
0 .65363  0.6331E 
0.72567 0.11133 
0.65598 0.63435 
0.72887 0.91134 
0 .65839  0 .6 i919  

0 . 1 1 ~ 7 7  24.27845 

0.70766 0.691ca 

C * C  
5. 16567  
C.36686 
C.295?C 
c .497 $ 2  
0 . 8 6 2 4 2  
t .4923C 
0.525:s 
C . 5 6 4 4 E  
c. 5 8 2  11  

C.664EE 
C.f7S46 
C. 67836 
C.6R7C2 
C . t 8 C i 7  
0.C8C62 
C. €6@ 38 
C.C5279 
0.62292 

c . e i e a 8  

0.0 
0.23459 
0 .31533  
0.43314 
0.27558 
0.56502 

.0.18892 
5.17769 
2.83604 
0.62042 
.O. 7 7 3 3 6  
4.59322 
0 .32915  
0. E5497 
0 - 3 3 5 2 7  
0.90293 
0.83793 
0.93184 
0 .81883  
0.94605 

BY THE SUR OF T H E  SQUARES OF I R E  RESI~UES-------------------------  4.0099978 

UPPER A W E  LOWPS BOUNDS ZS'IIMh:F!S CPIER I L L  SIGHI€ICRNT FCINTS------- 9.1422228 

F I N A L  GECUP O Y E R F E L A X b l P O N  C C E F P I C I E W P S  A f i C  B U E E E B  O i  I W N E F  I T E B A T I O N S  

UPPER A N I :  LOWER € O U B C S  ESTIMATES EP d A I  R 3 ' L  P L D R  CHARGE--- - - - - - - - - -  7 .  a 10046 i 

L O I : ~ U E  00 3 , 7 3 3 4 3 ~ "  O G  1 . 3 1 c i t ~  s c  3 . 3 7 4 0 ~ ~  o c  1 .307542  C Q  
4 4 4 9 4  

CPU AHD CLOCK R I h O T t S  R E Q r l X R F B  PCE THK5 E I G E N O A L Z E  P R O B I E R  AZ;E 0.089 0.274 

0.0 
0.C0033 

0.051163 
0.114295 
0.C5538 
0.38908 

-1.6029E 
-0.66965 

0.38415 
0.89624 
0.25964 
1.1470 1 

0 .95943  

0.94619 
0 . @ 8 7 2 1  
0.93545 
0.90070 

0.06884 

0.85863 

a. 8710c: 

7.0099522 
0.9607240 



PERTURBATION RESCLTS--DELPA-K/ :P*CELPA-S) WBEFE S BEFEESE'NTS HJRCRO. CROSS SECTICAS. BIG DADDY = 1.602643D-14 

Z O N E  G B F  
1 1  

2 
3 
4 
5 

2 1  

S 
3 1  

2 
3 
4 
5 

I r 1  
2 
3 
4 
5 

5 1  
2 
3 
4 
5 

6 1  
2 
3 
4 
5 

7 1  
2 
3 
4 
5 

8 7  
2 
3 
4 
5 

SIGI,SIGB. D E * * 2  
-3.7335943 01  
-5.7770073 01 
-2. C55157E 0 1  
-5.2618148 00 
-5,7864533-0 1 - 2 -  9 156 85E- 0 1 
-1.401&24B 00 - 5.5 39 8 1  1E-0 1 - 1. Q61643E-0 1 
-2.57295013-02 - 1 064336E 00 
-4.82075R. C0 
-1.938077E 00 

-8.7428092-02 
-3.145789E-02 - 1.844627E-0 1 
- 7.1 147682-02 
-1.9013733-02 
- 3.9 59 83  BE - 03 
-6.8769831-03 
-4.743628E-02 - 1.73288~3-02  - 4.95795%-03 
-1.181433E-03 
-1.178609E-03 
-8. U66057E-03 
-3.065760E-03 
-9.1508123-04 
-2 I 3346691-04 
-5.116918B-02 - 3,5342ElE-01 
-1,21317 3E-01 - 3 a 167 C72E- 02 
-6,6064782-03 
-3,175903E-04 
- 3 . 0 7 8 4 6 8 ~ 0 3  - 9.295819E-04 
-2.777381T-04 
-7. C344OSE-05 

- 5. c9i 0 4 7 ~ -  o 1 

f * * 2  
-4.2tt487Z 01 
-7.3581208 01 
-1.89E771E 01 
-3.385131B 00 
-3.756?22&-01 
-7.2046632-01 
-2.0156708 00 

-9.374219B-02 - 1.7 7 6 25 13-02 
-2.6238743 00  
-6,9336833 00 
-1.8139501 00 - 3.2 6 5 1286-01 
-6.0 3 5 €25E - 0 2 
-7.8 3 79698 -02 
-2.6E3126d-01 
-6.6 5 9 C91B-02 
- 1 . 2  lS4SlE-02 
-2 -7336862-03 
-1 .7  134532-C2 
-6.8 2 3 039f - 02 - 1.62 1 E99B-02 
-3.1797758-03 
-E .  1E6C5C8-04 
-2.9365958-03 
-1.21it73E-02 
-2.869409B-03 
-5.8CEe985-04 
-1.6 117448-OU 
-1.0 E5 QOOS -0  1 
-6.5 127288-01 
-7.51;7968-02 - 1 2 525483-02 
-2.556 1488-03 
-6.736727E-04 
-3.9 3C?2%-03 
-5.7466078-04 .. 1.09g22 1%-04 
-2.7 2 171 9E-05 

-5.1 8 4 9 8 5 ~ ~ 0 1  

NO*SIGP 
1.6430288 01  
5.921547E 0 1  
2.741916E 01 
7.194737E 00 
6.28C305F-01 
2 . 7 1 2 5 8 5 ~ 0  1 
1.719649E O C  
1.054751P 00 
3.7 C 4 2 9 7 E- 0 1 
5.574585E-0;  
9.942851E-01 
5.813602E 00 
3.417872E 00  
1.18U841E 00 
1 .783698-01  
2.903055E-02 
2.33CR78E-01 
1.595866E-0 1 
6.1866773-02 
1 06 8389 E-0 2 
6. 28i955F-O? 
6.23 E2 4 1 E-0 2 
8.7665982-02 
1.959888F-0 2 
3.5E 536 1E-03 
1.07Q532F-03 
1.12z333E-02 
8.849878P-03 
3.191588E-03 
7 a 35586OE-0 Q 
P. 7245311-02 
4.447567E-0 1 

1 . 3 9 0 2 8 9 ~ 0  1 
3. C E  t748E-02 
2,896755E-04 
4 C7 C52 OB-0 3 
3.13 14 17 8-0 3 
1.71 E123E-03 
U, 33tllOBE-04 

Z . ~ ~ E ~ U ~ E - O I  

L I C F .  C O W .  
-1.5748748-02 
-9.100 1003-02 
-1 -5212693-02 
-3.1 liIi44E-03 

8.1714508-06 
-2.27U908E-03 
-6.6C6407E-03 
- 2 . 4 9  4U22E-03 
-5.1769243 -04 
-3.363760E-06 
-6.0732513-03 
-1.7S5509E-02 
-6.425154E-03 
-1.14064bE-03 

8.2 9 3 lOOE -05 
-2.15;6ClE-04 
-9.65€4393-04 
-3.78@COlE-OU 
-9.3 2 296 1 E -0 5 
-1.353695E-05 - 3.87 i 7 5 6 E - 0 5  
-2.37E826E-04 
-8.8C348SE-05 
-2.227434E-OS 
-Q.3218532-06 
-7.45 1595E-06 
-4.827984E-05 
-1.7695833-05 
-4.6E41933-06 
-9,7359863-07 
-7 -2 2 9 96 5E -04 
-6 .6  592321-0 3 
- 2 . 3  2 291 2E -03 
-5.94C928E-OU 
-9.4763773-05 
-4.462997E-06 
-3.50€24 9E-05 
-1.56€12?E-05 

-9.48 7U64E-07 
- ~ . 6 7 9 1 4 3 ~ - a 6  

4XP. TO GRP. C~LTA-Y(K*~ELTn-SIGS) FOR A L L  ZONES 1,2,3,..,. - ;Ti38 I N - G R O O P  TERNS B A K E  NO C O N T R I B O T I O I I . )  
7 1 1 . 7 3 3 5 9 ~ ~  01 2 , 9 t s t ~ : ~ - o i  t . 0 6 4 3 3 6 ~  00 3 . 1 ~ 5 7 8 ~ 1 - 0 2  6.8769a3x-03 i . i 7 8 6 0 9 ~ - 0 3  ~ . I I c ~ \ ~ E - o ~  

2 1 6.2U8277E 01 1.84752CB 0 0  6.22656% 00 i . 5 2 6 E S Z E - 0 1  6.82E398E-02 1.232191E-02 4.818048E-01 

3 1 2.893359E 0'I 1.1349C5E 0 0  3.6615858 00 1.730407E-01 5.2199522-Oi 9.7077343-03 3.103107E-01 

u 3 7.592558E 00 3.986893E-01 7.2696933 D O  6.711€0iE-02 2.1450552-02 4.19Y287E-03 3.5057323-01 

5 1 6.634627E-01 6.CG2717B-02 1.911700E-01 1.158923F-02 3.9251USE-03 8.0646473-04 3.3U3929X-02 

1 2 ~ . a 3 6 7 0 6 ~  0 1  ~ . ; ~ B s ~ Q B - D ~  a . x i ; 9 E E - e i  2 . 3 ~ ~ 8 0 8 ~ - 0 2  4 .779015~-a3  8.099mse-04 3 . ~ 7 7 6 2 ~ - 0 2  

2 2 5.177007P 01  1.40142UE O C  4.82075iE O C  1.844627E-01 4.743828E-02 8.466057F-03 3,534281B-01 

3 2 2.396721B 01 8.594033E-01 2.8315CCE 0 0  1.2619073-01 3.625659E-02 6.669018E-03 2.2805153-01 

4 2 6.287696E 00 3.01SC€8E-01 9.8052323-01 4.898159E-02 1.U89552E-02 2.8567523-03 1,3059152-01 

3.17590383-04 

4.463539E-03 

3.432850E-03 

1.883613E-03 

4.752208E-04 

2.192332E-04 

3.078468E-03 

2.3fC968E-03 

1.3C Q606E- 03 



1 -1.2280353-01 -1.03fC65B-01 2.S22992E-01 3.087604E-02 
2 -2.780938R-01 -6.157886s-02 3.815306E-01 5.041294E-02 

4 -1.C370289-01 4.5C59178-33 1.8255072-01 1.671213E-03 
5 -2.0445302-02 0.0 2.443714B-02 -5.12EU16Z-06 

3 -1.702864?-01 - 4 . 3 S i E 9 5 ~ - 0 3  1.99C81CE-01 1.274698E-02 

TOTAL SUNS 
-6 .393 3 1 6 E - 0  7 - 1.6 56766s -01  4.554989E-0 7 9.5 1 C 1243-02 

TOTAL SUM IS 2.E6592P-01 

THE POILCWING A R E  ONCERTAINTY ASCCCIATED WXTR A 100 E E R C E N T  UNCERTAINTY I N  THE DATA [OHCORRELATED), B U T  NET 
SCATTERING I N  T R B  ABOVE TABLE TREATED AS A N  ENlITY. 

SU'IS OVEB GROUPS 
Z O N E  

1 2 - 99 854  5E -0 1 
2 4.528333E-03 
3 1.5783O3X-02 
U 5.830lSbE-OU 
5 1.465074E-04 
6 2.6238152-05 
7 3.7590489-04 
8 3.226660E-06 

SUHS O V E F  Z O N E S  
GEP 
1 1.16817OE-O? 
2 2.0 53 8 89E-0 1 
3 1.5721 20E-0 1 
4 9.563893E-02 
5 2.212837E-02 

T O T A L  SUMS 
3.003040E-07 

TOTAL SUN IS 6.C8588.E-01 

1.074304B-07 
4.0 13 El 43-03 
1.2 92362B-02 
6.0: 44558-04 
1.7786138-0U 
3.2 5 €5758-05 
9.2 5 7 33%-04 
9.4C52063-06 

9.6 E C 52 1E-02 
4.8269823-02 
2.7 2 1 4 l Q Z - 0 3  
4 . 1 5  101 iiE-03 
0.0 

5.1651 14E-0 1 
3.27 i8131!-0? 
1.153070E-02 
4.C9C425E-04 
1.066936E-04 
1.94065 2E-05 
3 .  C 1 C745E-07 
i . 8 5 0 9 1 8 ~ - 0 9  

i. e c 5 6 2 1 ~ - 0 1  
3.7443 1OE-0 1 
1.99 C78 9E-0 1 
9.407794E-02 
i.3CC2S7E-02 

5.1665023-01 

3.57 C 62 8E-0 2 
5.6563283-03 
1.50 27 l 4 E - 0 2  
7.659663E-04 
7.82€0421-04 
3.696859E-05 
3.1569982-03 
2.34C690E-05 

2.1 0 1  l 76E-02  
3.225EOOE-02 
7 - 7 6  194UE -03  
1.06E X 7 E - 0  3 
3 .U4?123E-05 

3 - 9 2  E 52 7E -02  

4 * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * ~ * * * * * * * * * *  
NORWALIZAlTON 3P I I P O R T A H C E  I!APS I S  TO U N I T  P I I S I O N  ZOURCE I C P C I T A I C E  ?OE 'IFIE l C l U A L  P S C E L E F i .  * 
P U L T I P L Y  FY THE T R A C T I O W  O F  4RE C C h E  TDEBTED IF THE 9ALUES AFE ' I O  RE RADE RELATXTE TO ' I B E  * 
TOTAL, ROT T A K E  CARE TO ONEERSTANT THAT T R I S  I S  APPROPRIATE IN P S P E C I F I C  S I T O A T I O N .  * 
**+*++********j**t*P9****~~**~****~~***~***~*~*~*****~*****~**~~~********************************** 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

I 
1.7R1D-09 
Ba'L38D-09 
2.3039-08 
4.9551)-08 
1.029D-07 
2.04?C-07 

6,4665-07 
8,51150-07 
9.75OD-07 

5.19?D-f2  
2.378D-11 
6.1020-11 
1.23OD-10 
2.096E-10 
3.223D- 14 
4.7690-10 
6.59OD-10 
e. 1280-10 
9.0 11D- 10 

a . 0 6 5 ~ - 0 7  

1 2  

2 
1.698D-09 

2.195D-08 
4.7231)-08 
9.8 0 7 t h  0 8 
1.951D-07 
3.874D-07 
6.16 ID-07 
8.1Q3D-OY 
9,29On-87 

2.205D .. 12 
1 - 0 19D-1? 
2.624D- 11 

8.964D-l l  
1 . 3 s m - 1 0  
1.975D-10 
2.685D-10 
3.277D- 10 
3.6 16D- 1 0  

a I 3813-09 

1 3  

5.3 i m- 1 i 

P E R T U R E A T I O N  INTERFACE 

3 
1. U 5  t C - 0 5  
6.98CC-09 
1.@83C-OE 

E.41CB-08 
1.67iC-07 
1.3flC-07 
5.281C-07 
C.97SC-07 
7-9628-07 

9,0BCC-13 
4.201E-12 
1 0 9  &E-1 1 

1.9930-11 
5,984C-t 1 
E. 55 EC-1 I 
1.15 10-70 
1.395C-10 
1.53411-10 

4.0510-OB 

14 

i . 3 t e c - i i  

4 
1 * 0 1 OD-05 

1 -3Q50- C E  
2. ec7c-ce  

1.1570-C7 
2.296C-C7 

4.8 190-07 
5.U96C-07 

3.5 1SD- I 3  
1 .565f-12 

8.638D- 12 
1 .5400-11  
2.34lC-1! 
3.3t8D-17 
4.5 13C- 11 
5.452c- 11 
5.984C-1 t 

4. e 3 9 c - w  

5. e230-0e 

3 . 6 4 a ~ - c 7  

15 

3 . e e m - 1 2  

5 
6 . 7 e w  10 
3.i53E-09 
e 77cc-  Cf 
1. E@40- C E  
3.90213-oe 
7 . ' I ( I C G - C E  
?.534f-C5 
2. 1132 c-07 
3.2690-07 
3.65813-07 

l . l S . 7 D -  t 3 
5.092 E- 1 5  
1.2 1 UD- f t 
2.560L-1; 
4 . € C 9 D -  1 2  
7.035 E- 1 i 
1.c11c-41 
1.352C-11 
t,t3OD-?l 
'l.786C- 11 

16 

6 
4.879D- 10 
2.145C-09 
5 774C-09 
1.2380-08 
2. C5UD-08 
5. C46D-OS 
9.4670-08 
1 - 5  95 0- C7 
2 .C740-03 
2 - 3 62 0- C 7 

2.3860- 14 
9.5GBD-lU 
2 a 1 e l  D- 1 3  
4 . 4 4 1 C -  13 
7.9Q9D- 13 
?*;  120- 12 
1.7410-12 
2.323D- 12 
2.7960- 12 
3.062~1- 12 

17 

7 
2 . 9 3 6 ~ 1 0  
1.38 e ~ - c  5 
3 . 7 2 ~ ~ - O F .  
7.966C-09 
1.62eD-0 E 
3.191C-O& 

9. B5iD-0 E 
1.2930-07 
1.4?0D-07 

6 .27cc-oe  

EILB P E B I D E  H A S  B E E N  WRITTEN O R  IEC UNIT HONEER 37 

TOTAL CPU TINE xs 0.680 R T N C T E S  l t i ~  T C T A I  CICCK T I N E  IS 9.81; N I N U T E S  

START EXECUTING F L A C T I O N  OAT€ R O C U L E  

CASE TITLE - 2-D 1 7 x 1 0  - 5 G R O C E  SEAECA FbCEIEL 
P B I B A R I  S E A R C R  = NUCLIDB (DIRECT) - SECCHDARY SEARCH = EItELSION 

I I I X I R U I  A R R A I  hI7L USED FOR IBITIAI EBCCESSIHG IS 6 @U 

STORAGE B E Q O I R E C  FOR BASIC DATA IS 570 

STORAGE SIIPPLIEC IS lCCC0 
H A X f E O R  STORAGE R E Q U I R E D  I S  2027 
E I U I R U R  STORAGE F E Q O I R E C  I S  1270 

RODZSZ = 0 R O D Z  = 0 RCD'LC = 0 

I BTB EP AC L 
TIRE -- 
VOL = 
BIVS = 
TlL = 
TYSL 2 

TNBAL = 
PC = 
K3 = 
ITPS = 
N G R O U W  

PILE BZFLDX 
0 . 0  POWER = 
4,120052E 06 EPFK = 
0.0 DlDS = 
1.0424258 1 4  TNA = 
7.47C456Y 12 T N B L  = 
0.0 T H C R A  = 
5.0OOOCOE-0' CRTF = 
0.0 xcr = 

1 NZONE = 
5 RCI = 

1.172SCOE 03 
1.C09948E G O  
c.0 
S.€772C9E 1 3  
C.0 
c.c  
1.CO0000E 00 
C.C 

a 
0 

e 
1 * 8 17 E- 10 
8.644D-19 
2.308C-09 
4.899 C-09 
9. a29  0 0 9  
1. 8 a g C - m  
3 - 6  7i C - O R  
5.7 15C-  OR 
7.1162 C-08 
8 . 4  68D- 03 

9 
8.6260- 11 
4 e 06 0D- 10 
1.068C-09 
2.2260-0s 
I) -2200-09 
7.445C-09 
1.2870-08 
1.95 9D-08 
2.535c-08 
2. 8 t i i ~ - o e  

IO 
3.278D- 1 1  
1.527D-1G 
3 -9hSD-10 
8 . 1 2 1 0 -  I C  
1 .11610-09 
2.9 07D-09 

5 , 6  1 GD-09 
7. t 44D-0 5 
8.826D- C 5 

3 .a 40D-a s 

11 
7 . 2 5 3 D - 1 1  
5.8U3D-11 
1.4940-10 
3.0270-1C 
5.204D-10 
A .  30 ?%I-10 
1.263D-09 
1.986D-39 
2.2389-0 9 
2 - f49lD-09 

P cn 0 

h \o 



REACTION RATE 8 A O  fOYEti F B O C O C T I C H  EI ZOA2 
REAC'IIOR R A T E S  SAVE U Z I I ' I S  C E  EVFNTS/SXC 

ZOW. 1 
POS. POS, I D E H T I ? I E R  CIASS 
RET. SIC. UXIQUE AESOLTJTI 

f 'I 0-76 0- 46 0 
2 2 #A-23 NA-23 6 
3 3 CR-I? CR-N 5 
4 6 RH-55 HN-55 5 
5 5 PE-H P E-N 5 
6 6 N I - N  EII-N 5 
7 7 no-8 ?lQ-H 5 
3 8 TA-181 TA-181 7 

10 1 0  U-238 0-238 2 
'14 ? 1  PO-239 PO-239 1 
12 1 2  PU-240 PU-240 2 
13 13 PO-244 PO-207 1 
14 14 PU-2Q2 PO-242 3 
95 1 5  SSFP SSPP 4 

ZOWE 2 
POS. POS. IDEFITIPIEX CLASS 
BRT. SI@. LWIQU? 

i 1 0-16 
2 2 SA-23 
3 3 CR-N 
4 4 118-55 
5 5 PE-I9 
6 6 W I - l l  
7 7 R O - N  
8 8 Th-181 
4 9 0-235 

IC 10 U-238 
19 3 3  PO-239 
f 2  9 2  PO-240 
1 3  I3  80-241 
2 5  1 5  SSPP 

ABSOL !JTE 
a-16 
Ila-2 3 
CR-W 
1N-55 
PE-N 
81-8 
110-N 
TX-I 89 
0-23 5 
11-238 
PU-2 39 
PU-2 40 
Pi3-249 
SSPP 

0 
6 
5 
5 
5 
5 
5 
7 
1 
2 
1 
2 
1 

L1 

Z O B F  3 
PQS. POS,  IDENTIPIER c u s s  
RBT. SIG. U N I Q U E  ABSOLUTE 

7 Y 0-3s 0- 96 0 
2 2 NA-23 l h - 2 3  6 
3 3 CR-I e B-Il 5 
a) 4 3918-55 f4l-55 5 
5 5 FE-x PI-I? 5 
6 6 111-1 EII-W 5 
7 7 RO-R 817-w 5 
8 8 TA-181  TA-181 7 
9 9 0-235 0-235 1 

10  38 U-238 0-238 2 
8 !  4 4  PU-239 PU-239 1 
92 1 2  PO-240 PU-2QQ 2 
13 13 PD-249 PU-241 1 
95 95 SSPP SS PP 4 

ZONE 4 
POS. PQS. I D E N T I F I E R  CLASS 
BRT. SI6. UH.TQ!JZ A B S O L U T E  

7 1 0-16 0-16 0 
2 2 ah -23  1A-23 6 
3 3 CR-EI CR-N 5 

ZONE C L I I S  
I H I Z  E i f O R P  

IKGS) 
3.062401E P i  
2.003930E 0 2  
1.63554CE C2 
2.524034E 0 1  
6.7820122 0 2  
1.305822E C2 
5.2161433 01 
1.OlC103E 0 1  

3.2859943 0 2  
1.246909E C Z  
7.152403'2 CO 
1.858817E 0 0  
S.COE073E C 1  

ZONE CLASS 

1.83E3052 C3 

IN P8 NTO R Y 

2.554529E 0 2  
7.6735928 C2 
4.372542R 02 
i.llCYR4E C1 
E.677561E 02 
1.093370@ 02 
4.4169208 C'I  

&.#35482E 00 
1 .01 i4402  0 3  
3.909656E 09 

l g G s )  

8 . 4 5 6 0 9 3 ~  00 

1.321218a c c  
2. IrlCel3E-10 
6.519993E 00 

ZOME CLASS 
INVB WTORlI 

3.7859958 0 2  
1.1683128 0 2  
S.55E6878 u3 
1.4697998 09 
3.9534828 02  
7.6130773 C 1  
3.016045E 01 
C.889006& C0 
3.08E99CE 00 
3.2657063 03 
i .722772E C1 
9.2332632-01 
1.4904098-10 
4.53I096E 06 

2081 CIASS 

1KG.S) 

IN V &  NTO R Y 
f I( GS) 

1.4952478 0 2  
9.7EIC53-73 c 1  
8.002066E 04 

1 
I B S O B F T  I O N  

7.74E13CE 11 
1 .4661373  11 
4.70C704E 13 
1.977251E 11 
1.42020CE li 
4.861382E 1 7  
l . l ?8824E 12 
3 .5793458  11 
2.731CO5E 13 
3.1201118 13  
4.214E46E 12 
9.05938CE 11 
4.924585v: 70 
1.64CC66E 12  

7 
BBSOR PT I O N  

1.4107553 10 
3.154756E 1 0  
1 .1655371  11 
S.11516CX 10 
2.9752692 11 
6.609486E 10 
2.96&28@E 17 
R.214295.F 1 C  
1.785974E 1 9  
t . 0 1 5 6 3 6 E  42 
8 .29452 iE  71 
5.338327E C9 
h.46C514P CC 
2.766937E 10 

1 
LiBSCliFTlON 

2.433028E IO 
4.7067118E 10 
1.721CCdE 4 1  

ti .434012E 11 
3.03861129 11 
4.3828SOE I 1  
Y.22C043P 19 
1.7E2605E 11 
9.09350i'P 12 
9.25f6271 12 
3.428054E 10 
9.724371R C O  
S.i27199E 40 

t. 3 4 0 2 4 3 ~  1 1  

4 
AB SO RPT TO h' 

3.1276123 C9 
4.03tE6SE 45 
3.8645531 10 

P 15s IO N 

c.c 
a.0 
l.231854E C5 
3.174574E 08 
3 .9038541  1 2  
-2 .5893456 1 3  
2 .0349708 1 2  
7.7981501; 71 
2.3542iUE 10 
C.0 

CISSIOH 

C . 0  
1.634648'2 OS 
0.0 
5.98.9564E 0 6  
c.c 
0.0 
9.947165E 07 
2.563909E 07 
8.946149E 7 0  
3 .7287268 I 1  
€ .536993% 11 
2.940405E 0 9  
5.4347893 0 3  
3 . C  

F ISS IO N 

0.0 
2 .8191568 06 
0 .c 
1.C328OYE 07 
0.0 
0.0 
4.3144791; 0E 
4.4783345 07 
1.3U8866'0, 11  
C.427794F 14 
9.957798E I 1  
L1.1557518 0 9  

C . i  
e.w-16868 00 

FISSIO9 

0.0 
3.623912E 0 5  
0.3 

P30D UCTION 

0.0 
Q.057128E- 07 
0.0 
1.U841402 08 
0. C 
0.0 
2.463707E 0 9  
0.3114148E 08  
1.087494E 1 3  
7 .59 i477E  1 3  
6.218705F 12 
2.349471B 32 
7 . 1 8 4 5 6 8 E  1 C  
0.0 

F R C D U C T I O N  

C.0 
3.269293E 06 
0 .  c 
1.197714E 07 
0.0 
0.0 
1.98823YE 08 
5.123AYUX 07 
2.19C5H3E 11 
1.03845GE 12  
1.89549SE t i  
8.864252E C9 
1.626U62E 3 1  
0.0 

P R O D  CCTION 

0.0 
5.63E3'12E C6 
3.0 
2.0656083 07 
(I. U 
0.0 
3.426956E c e  
8.836669E 07 
3.305009E 11 
1.79C230E 12  
2.89645hk 42 
3.436876B 40 
2.455246E 01  
0.0 

FBOYOCTICX 

c. 0 
7.241941E 05 
0.0 

CXPTUSE { N . G )  

4.74873CE 11 
7 .4679358  11 
4.700704E I t  
2.976510: f l  
1.42QLCOE 12  
4 .861352s  17 
1.77?5923 1 2  
3.57617:P I ?  
2.340621E 4 3  
5.3076758 12  
2.239874E 72 
1.260935E 11 
2.573365E 40 
1. 446066E 1 2  

C k P T U R E  ;N, G )  

1 . 4 1 0 7 5 5 E  1 0  
3.154592E 10 
4.165537E 1 1  
5.134563E 10 
2.9752692 11 
6.609486E 20 
2.967294E 17 
5.211733E 10 
2.913593B 70 
5.696758E 72 
1.757526E 11 
6.397923E C9 
1 .0263241  G O  
2 .76e937z  i o  

C A P T U R E ( N , G )  

2 .4330282 70 
U.706Q66E IO 
1.721006E 11 
7.34014CE I ?  
4.434012E 11 
1 .038642S  1 1  
4 .3873373  1 1  
1.219601E 11 
4 ,3376323  10 
8 .4507213  12 
2.608476E 11 

4.526689F: 00 
4. 123199E 10 

9 . 5 2 v ~ m  a 9  

C A P T U R E  ;N,G) 

3.127612P C9 
7.013832E 10 
3.86q653F YO 

FISS. F O R E A  

c. c 
0.0 
0.0 
0.0 
0.0 
c. 0 
0.0 
0 .0  
1.2345948 C2 
8.437642E 02 
6.6802002 07 
2.571466E C 1  
7.7129078-04 
0.0 

! # A T  T S 1 

F I S S .  POBER 

3.0 
0.0 
0.0 
0.0 
C .  0 
0.0 
0.0 
C. 0 
2.816338E 00  
7.3792103 07 
i.130145.S C ?  
9.6524OOE-32 
1.79605GE- 10  
0.0 

(WATTS) 

PTSS. P C W E h  
:WATTS) 

c. c 
0.0 
0.3 
c. 0 
0.0 
0 .0  
C. c. 
0.0 
4.2463022: C O  
2 .032790E 0 1  
3.249847E 0 1  
1.56 1 f 7 1 E -  C 1 
2.709U?7E-40 
0.0 

FISS. POUER 

0. 0 
0.0 
0.0 

(UATTS) 

C A P T .  EOWER 

C. 0 
0. c 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 3  
0.0 
0.0 
0.0 
0.0 
0.0 

: w BT TS) 

C h P T .  POWEB 
(WATTS) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.G 
0.0 
0.0 

C A F T .  POWFA 

0.0 
0.3 
3 . 3  
0.0 
3.0 
c.0 
0.17 
0. I) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

:WATTS) 

C4PT.  FGW.?6 

0.0 
0.0 
0 . 3  

(WATTS) 



, 

0 6 v z - v  N I - N  s 5 . 1 5 5 4 3 2 ~  02 ' 1 . 3 7 ~ 2 a i ~  I O  0.0 G. 0 1.374282E 10 0.C 
7 7 IC-N qc-v 5 Z.0d3040E C 9  1 . 0 5 3 7 4 i Y  11 S.CUOSC3E Ob 1.80E099E C7 1.053152E 1 1  0.0 
9 9 T A - l ? l  TA-181 ? I.94i05CE-16 7 . 2 3 5 5 8 3 1 - 6 1  1.13U572E-CS 2.2691UYf-05 1. L95469E-Cl 6.0 

R E A C I S O W  ;APE A N 0  EOWES E S C L O C T I C I I  E Y  20hE CIASS 
R E A C T I O N  AR'IES H A V t  U 3 I I S  GF BVFNTS/SEC 

$OUP C L A S S  1 
FOS. PTS. I D E N T I P T B R  C Z S S S  INYdNTOQY A B S O E P T I O I  P I S S I O E  P R O C D C T I C N  CAPTURE [X. G) €I%. POWER 
RPT. SIG. Ur;?QUE 

1 
2 
3 
4 
5 
6 
7 
R 
9 

10 
9 1  
? 2  
1 3  
14 
15 

1 0-16 
2 MA-23 
3 c 9 - Y  
4 HN-5S 
5 PF-N 
E N y - U  
7 YU-ti 
ti T A - I 8 1  
9 (1-235 

10 l l-13R 
4 4  P\J-239 
1 2  F I I - 2 4 0  

1 4  PU-242 
3 5  SSFP 

1 3  ~ ~ - 1 - 2 4 1  

11 c.0 0.0 
f !  2.5595252 07 5.114056E 0 7  
12 c * c  0.0 
41 9.99V5102 07  1.99f29232 OE 

11 c.0 0.0 
12  1,659129E 0 9  3.3362598 09 
11 3.969856E C B  7.9397172 O B  
7 1  i . 7 ~ 8 6 7 5 ~  11 6 . ~ 2 6 ~ 3 8 2  1 1  
13 5.C613CRE 72 l .409847E 13 
13 i.77264OE 13 @.18?169E 1 3  
? 2  2.044064E 1 2  t . 2 4 E 1 2 6 1  12 
I! 7.798450E 11 2.349471E 12 
10 i .3542211E 10  7.1845581 10 

12 c.c 0. a 

2.1860678 11 
2.557222E 11 
1.135099E 12 

2.995385E 12  
8.111f21E 11 
2.883R42E 12  
6. 146047P 11 
9.1135CRE 10 
4 .097897F  13 
5.858587E 1 2  
2 .2599178  12 
1.260935E ? l  
2.570365E 10 

8 . 6 8 1 0 1 ~ ~  11 

(WATTS) 
0.0 
c.  0 
0.0 
0.0 
0.0 
0.0 
0.0 
c. 0 
8.774033E 00 
1.600640E 02 
9.1CiOC98E 0 2  
6.7100563 01 
2 . 5 1 7 4 6 6 3  E 1  
7.71 2907E-01 

0.0 
0.0 
0.0 

CAPT. PORER 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

(WATTS) 

SSFP 4 1 . 1 1 1 6 6 3 ~  C Z  1.531741E 12  0.C 0.0 1 .5327118  12 C.C 0.0 



POS. I 

1 
2 
3 
0 
5 
6 
7 
8 
9 
10 
11 
1 2  
7 3  
Ici 
7 5  

T O T A L  R E P C 1 1 C N  BATE A N D  J O i i E R  PRCOUCTICN 
R E A C ? T O P  S A T E S  H A T E  U N I T S  C F  EBEITS/SEC 

CENT IFIER 
A B C O L U Z F :  

C-16 
NA-23 
C9-P 
Fh-55 
?'E-A 
H K-A 
WC-N 
T A - 1 8 1  
0-235 
0-238 
Et-239 
FU-240 
P 11- 2 4 1 
PO-242 
SSF? 

"TXLS 

ABSORPT I O N  

0 3  4.3721333 11 
C 3  5.114958R 11 
0 3  2.27C19AE 1 2  
02 7.73€4C3E 12 
0 4  C.99C77tP 12 
0 3  1 .622224 i  12 
(13 C.771CObE 12 

I N V A N T O  3.i 
4 K Gs) 

2.516042E 
i .132009E 
4.27 2340E 
f.56 S 4 3 4 E  
1.757268E 
3.4327743 
1.37 8 0 9 2 3  
8.296237E 09 
3.2319621 01 
1.79E5428 04 
9.475571E 02 
2.591875E C2 
1.43C481E C 7  
3.7396351 00 
i . 2 a 3 3 2 6 ~  22 

7.210402P 12  
7.400052E 11 
S.ZOEE51E 1 3  
6 . 7 5 6 9 8 1 P  1 3  

B Y  ABSOIDTI? ISOTOPE P C R  I H C L F :  REACTOR 

P I S S I O K  

0.0 
5.1190501 07 
0.0 
1 .9989221 06 
C.0 
c.0 
3.318258E 09  
7.419712E 0 8  
5.5773518 41 
1.C12262E 1 3  

4.OR8127E 12 
1.559690E 12  
4.708449E 'IC 
c.0 

7.223244E 13 

5 .5852791  13 

-- ---- -___-- 

F R O C G C T I C N  

0.0 
1 .0238111  OB 
c.c 
3.997844E 08 
0.0 
0.0 
6.6365'155 09  
1.587943B 09 
9.365607B 12 
2 .8796931  1 3  
1.636634E 14  
1.245225E 1 3  
4.698942E 12  
1.4369142 11 
0.0 

i . l O E 6 4 5 E  1 4  
---- - ---- -- 

CAPTURE ;N, G )  

4.372133E 3 1  
5.714444E 11 
2.270198E 12 
1 .7362038  12 
5.990771E 12 
1 .6222243  12  
5.767684E 12 
9.229608E 12 
1.822702E 11 
8. 1957942  1 3  
1.171717E 1 3  
4.51983QE 72 
2 .523870€  11 
5.140729E 10 
3.065422E 12  

FISS. DOWEB 
(WATTS) 

0.0 

0.0 
0.0 
c. 0 
0.0 
c. 0 
0.0 
3.7556061 01 
3.2012793 C2 
1.820020E C3 
1.342011E 02 
5.154932E 0 1  
1.542581E 00 
C. c 
2.34499BE 03 

a. a 

-- -- - - - -- - -- 

cXeT. POYER 
(WATTS) 

0.0 
0.0 
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 
I----- -----_ 



2-D 1 7 x 1 0  - 5 G R C U F  SEAKCR P E O E L E C  
P R l N A R l  SEAdCR = N U C L I C E ( D 1 R X C T )  - S E C C N D A D I  SEARCH = C X l l E l i S I C N  

S U P P A R T  TABLE O F  RIDTRCB ICSSEZ F L U X  Y E I G R ' I E D  
N O S K A L I Z E D  R I ' I R  2.OBUf52E 1 9  K-EFPEC'IIPE I S  1 . 0 0 9 9 9 8  

PEB'IILE C. ACTXNIGE FISSICN FFOC STRUCTDRAL COOLANT CONTROL R O D  O T H E R  
I D .  1 1 4 5 6 7 0 

ZONE C L A S S  F I S S I L E  

1 0 , 3 3 6 3 3 9 1  0.4;295iC C.0604724 O.Cl47033 C.0434140 0 . 0 0 2 4 5 3 4  0.0059016 0 . 0 0 2 0 9 7 1  

SUR 0 . 3 3 6 3 3 9 1  0 . 4 8 2 9 5 2 6  C.0004721( 0.C147C33 0 . 0 8 3 4 1 4 0  0 . 0 0 2 4 5 3 4  0.0059016 0.0020971 
---------- ---------- ---------- ----- ----- --------- --------- --------- --------- 

SUPFARY I A B L E  O F  O T H E R  I W F O K P A ' I I C K  

A B S C R E ' I I O K  PISSILE CCNBIRSICL FISSIOH TO 2A L 
Z O N E  CLASS LOSSES I N I B N T O f i Y  R A ' l I C  E O U B B  FCYEP 

ID. I K G S I  (HATTS) I U R T T S )  
1 0.92E3334 4.947E13E C2 i.iz325 ; . ? u u g m  03 2 . 3 4 4 9 9 ~ ~  0 3  ------- --- ---- ---- --____ ------- ------------- -___--- 

sun 0 . 9 2 8 3 3 3 4  9 .947813E 02 1.233ZE i . 3 4 4 5 4 8 f  C3 2.34499EE 03 
OTHER LOSSES 0.071666t 

TCTAL LOSSPS 1 . C O C C o O C  
-----*---- 

A BETTE2 ESTISRTE OF THE FUEL COhPEESICN R A T I C  FCR A CBITICAI SYS'PE'I IS 1 .26248  
(BUT NOT R A C E  C F I T I C A L  BY CLANGING CONTROL AB5OKP'fICWS OF IEAKRGE) 

FISSILE C O H S U ~ P T I O N / U W I ' I  B N B F G Y  G 3 k E R A T I C N  I3 1.17677EE-14 KGS/LBTI-SEC 
P I S S I L E  C 3 6 S O R F T I O N  B A T E  IS 1.75954kE-11 RGZ/SEC 

P R I I ' l I T I V E  D O U B L f R G  TI83 (YEASS) C F  TH3 A B O V E  P f Z E I L . 7  I N V E N ' I C I I  (CNE FLINT) IS**+******** 

lOTE - C O A V E A S I O A  R A T I O  = [ C A F T U F E  IU FERTIIE)/(ABSCfPTION IN FISSILE) 



I DENT I F? E R  
POS. U N I Q U E  A S S C L U T E  

1 0-76 
2 4 X - 2 3  
3 CR-M 
4 14N-55 
5 PE-N 
6 N T - t i  
7 EO-N 
H TA-187  
9 11-235 

y o  r1-238 
11  en-239 
1 2  PI ] -240  
13 PO-24'1 
74  P D - 2 4 2  
1 5  SSPP 

TO?PXL 

0- 16 
H$-23 
C E - Y  
Rh'-55 
F I - N  
Ai-N 
140-N 
" A -  131 

n - 2 3 8  
FU-239 
PO-240 
F3-20 7 
3 0 - 2 6 2  
SS'PP 

0-235 

nPcuHr 

; .516i)Q2E O ?  
i.13200YE 0 3  
4.i723(rCF: 03 
6.5694342 3 2  
4.767LE87 C Y  
3 . 9 0 2 1 7 4 7  c 3  
'.3?48,42E 3 1  
E.iY62C7P C 4  
3 . 2 9 1 9 6 7 7  07 

S . 4 7 5 3 i l z  0 2  
2 .591d75 '  0 2  
1.U3C4E1" C 1  
2.i09035'3 C C  
2.293325E 0 2  

(KGS) 

1 . 7 3 6 5 ~ 2 ~  n u  

SES'i '!?ZCIiZ% 

[RG S /  5EC 1 
1.15152YE-12 
1.9352277-14 
l .SS0525F-13  
1 . 5 7 0 3 5 l i E - 1 ?  
5 . 5 5 5 0 5 7 E - 1  I. 

9 . 1 0 9 5 7 1 E - 1 3  
3 .  t 6 l )  9 4 2E -'t 3 
2.863249F-13 
3.608 3 8  i E -  1 1 
2 .  E59 C 19T--'i 1 
3.40 1584E- 12 
7 . 1 8 9 6 5 3 5 - 1 3  
2 .5273C5F-11 
e .  '1947 c 15-  : 3 

P A T E  

1.581 2 7 5 ~ -  1 7  

W I G ' I I ' P  
BE 3GHT E c 
AB 90RP '3 ION 
:ATOM/E;EC) 
0.0 
0. c 
0.3 
0. c 
0.c 
0.0 
0. c 
c.. 0 
2.054857t: 1'1 
8.94C5fBE 11 
6.7569??72; 13 
2.320449F: 12  
3 . 3 9 9 3 i C E  12 
2. 1 3 2 2 E 7 E  1 0  
3 . (# 

7 . 4 4 1 C I 6 U  13 

-"---___-_---  

UNSE XGH? E2 
CAPTURP 

;AT0 !+/Sac) 
9.372733E 1 1  
5.91444UE 1 7  
2 . 7 7 0 9 9 8 E  12 
1.736203B 12 
5 .99C77TS 72 
1.62222; rE 92 
5 . 7 6 7 6 8 4 9  12 
1.22960RE 72 
1.822702E 11 
E.195794E 1 3  
1 . 7 7 1 7 1 7 E  ? 3  
9 . 5 1 4 8 3 4 ?  12 
2.523990E 11 
5. 1 4 0 7 2 9 4  10 
3 . 0 6 5 4 2 2 ?  ? 2  



700-1. 

END OF SECTION 





Section '701: Tie Eiscrete-Energa- Group Dif fus ion  Equation 

Presented ha re  i s  the b a s i c  equat ion  whiich accounts for t h e  various 

r e a c t i o n s  of neutrons wri.th ma , t e r j_ s l  i n  a macroscopic sen=- ,L, scatter-iug 

and t h e  diffusion a p p r o x h a t i o n  t o  neutron tra.nspo:rt. 

a n  account ing ori" the neutrons in a system a t  one l o c a t i o n  and a t  one 

energy may be d.one i n  t h e  form 

Qix:b~:: generally, 

bN . 
at where v is the neutron v - e l o c . i t y - ,  and - 1.s tlie t-irnc rate of charge of 

A,; t i e 

but  rather with a s t e a d y - s t a t e  conditir in o r  s t a t i c  approx:imati.ori t o  t h c  

neu'c:r.on density. For a s t e a d y - s t a t e  condt t ion ,  tt is necessary t h a t  t h e  

rate a t  which neutrons a re  addeii i s  equal  to the  r a t e  a-t vli'i.ch they are 

removed, locally, and therefore  over t'ne whole systein t r e a t e d  Ai; m:tj 

location. t h e r e  may lie gene:ratj.ion of neutrom .through the f issi.on process 

arid ot'ner sources n.ot related to neutron react ions, in-scai ; t !~r i i ig  to any 

energy from other energ ies ,  rwiioval by 8,bsorj)tioii o r  outsctz-t;-t;erri.ng~ and 

transport in and .transport; o i ~ t  . 

neutron d e n s i t y .  We are not  concerned here w i t h  t h e  d y n m i c  pl-oblern, 

The neutron d e n s i t y  i n  an. opei-atri.ng rraxt!s:r i s  8.l; steady- s ta te  on t;hz 

average (3ue to na tu ra l  r e a c t i v l t y  compensation and co i i t ro l .  

f m c t i o n  o f  the  neut ronies  proble:m solved,  i t  i.s t h e  i n t e n t  t o  approxi-  

mate t h i s  condi t ion .  Any p r o b l m  d e s c r i b i n g  a geometry, imcl.:i.de concen- 

trat3.ons and cross sections, may rep resen t  a s i t u a t i o n  fa r  from a stea.d.y 

s t a t e .  

stat e s o l w t  i on  on ly  a-pprox hiat e s t h e  ne u.t 1-on d. is 'c r j.b?nt ion.. 

In a l a r g e  

The nev.t:!-on populati.on wo~xld actual.ljr r t s e  o r  fall, and a> s teady-  

To e f f e c t  this stead-y-state 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.  

i s  d iv ided  by t h e  mu.li;i.plicatioii f a c t o r  causing t h e  lo 

t'ni.3 ad jus t ed  source rate, a pseutlo s t e a d y - s t a t e  condi t ion .  The mu.lt tpli-  

catiori  factor i s  def ined  as 

The sate at  which source neutrons are generated from ftss ion  

r;zt;e to eqm1 

neut ron  pene ra t i an  rate 
neutron loss  ra te  k, = (701-2) 



A c r i t i c a l  condi t ion  i s  one a t  s t eady  s t a . t e  f o r  whj~ch k, i s  u n i t y .  'The 

pseudo s t eady- s t z t e  equa-Lion with t h e  diffusion approximation t o  trans- 

por t  for t l ie neutron f l u x  a t  geometric location r and energy E using usual. 

macroscopic nuclear propex-ties i s  expressed as 

The coniiii-uous energy s p c t r u m  i s  divided i n i , o  discreLe energy groiqc;, 

and insunlly a s i m p l i f i c s t i o n  i-, made i n  t'rie transpoi-t  term, 

Where 
v2 

(701-4.) 

slab geometi-y, 

t h e  neutron f l u x  a t  l o c a t i o n  I- anti i n  energy group g,  

n/q-p L LL-m.-- , 
t h c  niacroscopic c ross  section for absoi-ptj-on, normally 

- ~ e i g ' n t e d  7 -  over a r e p r e s e n t a t i v e  flux energy spec t i ~ ~ ~ ~ ~ J  
ern-1 , 
t h e  iimcroscopic c m s s  s e c t i o n  f o r  s c a t t e r i n g  of neutrons 

€ r o m  energy group 

makes up a s c a t t e r i n 5  l i e rne l ) ,  ern-1, 

t h e  di f fus i -on  c o e f f i c i e n t  , noimally one- th i rd  of t h e  

r e c i p r o c a l  of the  t r a n s p o r t  c ros s  section) ciii, 

t h e  bu.cklin- t e r m  t o  a c c o i x t  f o r  t h e  e f rec t  of i;he Lapla- 

c i a n  operator (1edmt.e)  in one o r  ~ O T C  orthogonzJ- coordi.- 

na tes  t r e a t e d  cxp l - i c i t l y ,  e m m 2 ,  

t o  enei-p;y grour, na ( a  s e t  of t h e s e  

a. L'he in-group t e r m  g-+g i s  excl-uded from t h e  c a l c u l a t i o n .  

C o o r d i n a t e - d i r e c t i o n  dependence  i s  p e r m i t t e d  w i t h o u t  e f f ec t :  on t h e  
v a l u e  of  D u s e d  f o r  t h e  buckling 1.0~s .  

b 



.... 

,.___ 

bile 1:iac:roscopric production cross sectri.on (\) is t h e  riuriiber 

of neutrons produced. by a T i s s i o n  and Cf i s  t h e  cross see- 

t i o n  for i ' i ss ion) ,  ern-1 , 

c 
t h e  d i s t r i b u t i o n  furict ion for sowce neutrons (noimal.ly 

= 1.0 , but p ~ o v i s i o n  i s  made fo r  it not), 

the  e f f e c t i v e  mi?li;iplication f a x t o r ,  Yne rat io of the rate 

of' product ion  of neixLrom t o  the rate of loss of neutrons 
from a l l  causes , an ujil;:nown t o  be de-te-rrriined. 

g 

Eq. 7Ol-l~ is called %he usual neutron fl-u;r: eigenvalue problem i i l  t h i s  re- 

p o ~ t ; .  There j.s no provision in the above expression f o r  fixed, e x t e m a l  

sources .  'The level of t h e  neutron : F Z w  is not defined by the equation 

above. It can be whatever the investiga,tor wants ; hcme-vei- , there  is  no 

account made of temperature effects assoeriaiied with changes i n  t h e  power 

denstty- on the nuclear p r o p e r t i e s ,  so the  equation i s  appropriate to t h e  

extent t h a t  t h e  macroscopic pro-pc-rti.es are ~ e p r  

Tizc ciuZbiplica-Lion f a c t o r  i s  an  e x t r e m l y  useful ~neasme of the degree 

a c a l e u k t e d  system dcviates from critical. 

or (ke - l), the  fas te r  tile flux level would. ineresse; t h e  more neeatlive, 

the faster it would deerease. The effect5veness of conti-ol rods  i s  

directly measixed by t h e  decrease in lie associated wii;'n rod. -inser.ti.on. 

The more posi_tivc t h e  value 

The d i f f  i c l i l t  y as so  c tat e d wLt h de t e rm iiiirig er it i c a1 c ond i t j.ons and 

associ-ated high cost of ccrmputation to support amlys3-s effort have 

d i r e c t l y  caused extensive a,ppliccat"l.on of t h i s  iisual flux eigerz.vz1u.e 

foi?nulation i.n arialys is of reactors. It is knportant  t o  recognize huw- 

ever, t h a t  -the condi t ions  estimated for a sys-tern which is not c r i t i c a , l  

orfly app-oxiinxte the  real s i t u a t i o n  of r eac to r  operation. 



A S i m p l e  P i  Treaiinent 
...._._..~_.I__ .... 

A f i r s t  or6er c o r r e c t i o n  t o  diffusi .on theory  i s  poss ib l e  by a p p l i c a t i o n  

of t h e  cons is ten t  E; cquatri.ons. 

eige;nvalue probleiii i n  t h e  form 

These arc examined he re  f o r  t h e  usual 

vhere t'ne equet ions arc  f o r  a poin t  i n  space and ci-iel-,y, .the in- tegcals  rur_ 
over the ene rgy  range  o f  i n t e r e s t ,  J i s  the c u r r e n t ,  qb i s  t h e  scalar flux, 

cso  is -the in-scatte:ciag cross secti .on,  2nd Csl i.s i t s  first moment. 

The diffusion Yneorjr approximat i o n  of t he  neutron cu r ren t  gives 

(701- f> -VUV@ + zt+ I T ~ ~ L ~ t g i ~ l  1 + " ' c , ~ Q ~ ~ E ~  , 
_ _  

I n  one-dimension, J has  o n l y  one d i r e c t i o n  component but the intc+;ral over 

d i i e c t i o n  i s  r e q u i r e d  i n  gene ra l .  For t h e  one-dimensional c a s r ?  
f 

oi" a common approximation 

l n  a simple P fo rm,  the e q u a t i o n s  may be c a s t  a s  
1 

and t h e  V - J  -term i s  given by 

I n  multi-group form the PI e q u a t i o n s  chosen f o r  irnpl-ementation, w i t h  

in--group c o r r e c t i o n s  , are 
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where the a r g m e n t  r refers to space and n atid in to energy. 

W e  n o t e  t h a t  i f  t h e  I ' ini t e - d i f f e r c n c e  e q u a t i o n s  a r r  suxmed, t h e  

P s c 2 t t c a r i n g  t e r m  does n o t  cancel  o u t ,  s o  311 o v i ~ r n l l  n e u t r o n  bn1.mc.c 

does not resu l  t .  T h i s  may r e s t r i c t  pracl- i c :il nppl i c a t i o n .  T h e  app .~~ 'c ' l~ t  

a d v a n t a g e  of the schcme i s  t h a t  t he  d i f f u s i o n  c o e f f i c i e n t  t o  b e  used i s  

ob ta i r ied  d i r e c t l y  a t  e a c h  e n e r g y  w i t h o u t  r e q u i r i n g  some w e i g h t i n g  on 

what  happer a t  o t h e r  e a e r g  i c 3 s .  

1 

I f  one examines  t h e  s p h e r i c a l  harnioi.i.i.cs e q u a t i o n s  f o r  P t r u n c a t i o n  ~ 

I. 
t h e r e  i s  one  more f i r s t - o r d e r  e q u a t i o n  t h a n  c:oordi.nat:es t r e a t e d ;  f o r  

exampI.e, f o u r  equa t i  oris treat three s p a c e  c o o r d i n a t e s  ~ A$; i-rnpl~ernented, 

a s i m p l e  Eiquatiou f o r  t h e  net current i s  used  a l o n g  w i t h  a second ol-de!r 

equat:i.ori f o r  t h e  fl.ux. 

o n e  c o o r d i n a t e  i s  t r e a t e d .  That  i s ,  t h e  in-group co r rec t ion  i s  the same 

regard]-ess of t.he d i r e c t i o n  of (:he n e t  c u r r e n t  a t  a n o t h e r  eaergy. In  

T h e r e  is a p i e c e  o f  : i n fo rma t ion  los t . ,  even  if o0l.Y 
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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  e n e r g y  h a s  a d i r e c t  e f f e c t  on t h e  

a n g u l a r  f l u x  at (.he e n e r g y  s c a t t e r e d  i n t o .  T h i s  e f f e c t  c a n  o n l y  b e  

a c c o u n t e d  f o r  by a p p l y i n g  a b e t t e r  f o r m u l a t i o n .  The u t i l i t y  o f  t h e  

programmed e q u a t i o n s  r ema ins  t o  b c  d e m o n s t r a t e d .  

A remark i s  i n  o r d e r  a b o u t  t h e  r e p r e s e n t a t i o n  of  boundary  c o n d i t i o n s .  

The s i m p l e  P approx ima t ion  i.s p r o g r a m e d  tio use o n l y  t h e  u s u a l  d i . f f u s i o n  

t h e o r y  boundary  c o n d i t i o n s .  R e f l e c t e d ,  p e r i o d i c  and r o t a t i o n a l  symmetry 

c o n d i t i o n s  r e q u i r e  no s p e c i a l  a t t e n t i o n :  t h e  a p p r o x i m a t i o n s  are  c o n s i s t e n t  

w i t i i  i-'ne f o r m u l a t i o n  f o r  i n t e r n a l .  p o i n t s .  The e x t r a p o l . a t e d  o r  non-ret-urn 

boundary  condi.ti.on may r e q u i r e  speci-a1 a t  t e n t i o n .  The l ez l tnge  o f  n e u t r o n s  

i n  t h i s  a p p r o x i m a t i o n  i s  n o t  s i m p l y  r e l a t e d  t o  t h e  sca la r  f l u x  d e r i v a t i v e .  

A s  i s  u s u a l  i n  t h e  a p p l i c a t i o n  of d i f f u s i o n  t h e o r y ,  t h e  r e p r e s e n t a t i o n  of  

c o n d i t i o n s  n e a r  a con t ro l .  r o d  shou1.d b e  tcst.::d aga ins i :  a h i g h e r - o r d e r  

t r a n s p o r t  a p p r o x i m a t i o n ;  a b e s t  v a l u e  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  b e  e s t a b l i s h e d  by t e s t ,  and t h i s  t e s t  s h o u l d  b e  w i t h  t h e  P f o r m u l a t i o n  

impI.ementrd, n o t  r e g u l a r  d i f f u s i o n  t h e o r y .  As i s  u s u a l  wLtii t h e  appl  i c a t i o n  

of  d i f f u s i o n  t h e o r y ,  e x t e r n a l  b o u n d a r i e s  s h o u l d  b e  l o c a t e d  s u f f i c i e n t l y  

remote  from t h e  c o r e  p r o p e r  t h a t  t h e  a c t u a l  l e a k a g e  which w i l l  b e  c a l c u -  

lated w i 1 - L  n o t  have- much e f f e c t  on t h e  f l u x  d i s t r i b u t i o n  j - r ~  t h e  c o r e .  l'he 

es t imate  of s u r f a c e  l e a k a g e  i s  p r o b a b l y  n o t  e s p e c i a l l y  improved by t h e  

programmed e q u a t i o n s ;  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  will r e s u l t  from 

t h e  f o r m u l a t i o n  i s  [nay b e  n e c e s s a r y .  

1 

1 

hTe look  fo rward  t o  l e a r n i n g  a b o u t  the re . ;u l i s  o f  e x p e r i e n c e  w i t h  

a p p l i c a t i o n  give11 s u f f i c i e n t  d e t a i l e d  i n f o r m a t i o n  t o  p e r m i t  t ho rough  

a s s e s s m e n t .  1fPanwhile, a s u p e r i o r  t rentmenL i s  sough t  t o  b r i d g e  t h e  

gap bet-ween d i  f l u s i o n  t h e o r y  and a more e x p l i c i t  r e p r e s e n t a i - i o n  o f  

t r a n s p o r t  t h e o r y  w h i c h  c a n  h e  a p p l i e d  a t  a s e a s o n a b l e  c o s t  of  c o m p u t a t i o n .  



'Die Iaplacian opera to r  i s  t o  bc represented i n  :;2 f i n i - t e - c l i f f e ~ ~ e n c e  
form. First,  the finite-difference mesh w i l l  be examined. The equatio11s 

w i l l  be developed f o r  t h e  three-dimensional  slab; f o r  fewer dimension;;, 
the extent in th.e untrea,tetl orthogonal d i r e c t i o n s  i .s corn; i.derec1 t o  bc? 

infini:te and contr.ibu.t-ionc, frwi IAiese stirply drop out of the eqiw-t;ioiis I 

Cons Tder 8, traverse i n  space d i r e c t i o n  r. A region i s  t r a v e r s e d  

between rl and r7 bnmdaries o r  material. i n t e r f a c e s .  1npu.t data sp.eci- 

I1 .e~ Lhe riunher o f  mesh points t o  be loca ted  het;ween rl and r2 a n 3  the 

spac ing  A :: r2 - rl across t h e  reg ion .  

Figure ~02-l prese ni;s a three-dimensional  sketch showing t h e  flux 

1oca.tri.on a t  mesh poin t  ( i , ~  ,I..) and the surroumdirg six f l u x  locatri.om, 

n e a r e s t  neighbor:;. 

i.s (xi - "i-1) (yj - ~j-1) 
surfaces of the  f i n i t e - d i f f e r e n c e  element.  

The f i n i t e - d i f f e r e n c e  volume about mt?:;h po in t  (i, ,j ,m) 
- zTr1-1) >There these: are locai;ions of the 

..... Neutron 1eak.age from (it j ,m) to (i, j , r n - l )  , L( zm-l-), t~ir01~gi-i t h e  f r o n t  

face of area (Xi - xi-]-) (yj yj-l) i.s approximated as follows. 

equal '&e urknowri f l u x  at the rinteerface. Zeaka,ge out is gl.ven 'oy approxi - 
nisting t'ne f lux :;lope z t  t h e  su.rface by th.e average w-Lthin the  elemeril; 

('oetween tlie central p o i n t  and t'ne su r face ) ,  

Lei; 4 

.... 
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Y 

p r o p e r t i e s  I 

Fig. 702-1. The Seven-Point F i n i t e  Difference Mesh. 
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Elirni.nating A, Tram the equations gives 

. (702-l) 

Since the t e r m  w h i c h  m~Xl.tipli.es the flux dif'i'.-rence is s h p l y  some 

constarii;, Ey. '702-1 reduces to the forrn 

I-t; may be rioted that; within a region having unifom nu.elea.r p r o p e d t e s  

a -d uniform mesh spacing, 

P r o v i s i o n  i s  i n c o r p o r a t e d  f o r  the d i f f u s i o n  c o n s t a n t  D t o  depend on 

c o o r d i n a t e  d i r e c t i o n ;  value o f  I) s i m p l y  depends on  t h e  p a r t i c u l a r  

coord  inat(> t r e a t e d  and t h e  a s s i g n e d  t r a n s p o r t  c r o s s  s e c t i o n .  

Tie le ,?cap~ f r o m  tkc whole elemznt i n  given by 

~ ( z , , , )  + ~ ( z m - l . )  t L ( x i )  ~(xF-1) + I)!Y,~) 4 ~ ~ ( ~ ~ j - 1 1  



F o r  an  ex t r apo la t ed  houndary condi t ion ,  exlernal  o r  i n t e r n a l  b lack  

boundary, t h e  flux slope wi th in  wi he f i n i t e -d i f f e rence  e1cnep.t i s  cxtended - 
Thc boundary condiLinn t o  be s a t i s f i e d  aL Vile element su r face  i s  

CL where C, i s  a specif ied cons tan t .  

Tiet @i be t h e  i n t e r n a l  f l u ,  0, be the bouridary f lux ,  and A be t ' n ~  

distence i o  t h e  boundary f r a i  t h e  i n t e r n a l  p o i n t .  

A l i n e a r  zpproxinaiSon of t h e  f l u x  wi th in  t h e  element gives 

Reprcscnt ing 'die norrrial a r e a  by A,, t h e  bounjary leakage €rom one 

race of an element volume i s  Z i m n  by 

which gives t h e  reqii-i-red cons tan t  I"or Z q .  702-3. O f  zourse,  {;he e x t e r n a l  

lea.kagc i s  consi-dered lost r"rm t h e  system, b u t  leakage i n t o  an fn- ierr?a. l  

black absorber  i s  accounted f o r  as a n  a b s o q t i o n  in the region. 

a A d e f a u l t  v a l u e  o f  0 . 4 6 9 2  is used  €or C . S u i t a b l e  group-dependent  
v a l u e s  which  will r e p r o d u c e  Lrhe 1 eakage'condition must  come Erom 
a p p r o p r j - a t e  n e u t r o n  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  l a t i o n .  

An a p p r o x i m a t i o n  wh ich  may b e   useful^ i s  C 

There  i s  also a c o r r e c t i o n  f o r  a cu rved  s u r f a c e ;  i i l r l l t i p l y  C by  some- 
t h i n g  l i k e  (K+.5)/(R+l.) f o r  a b l a c k  s p h e r e  t c  r e d u c e  i t  asSK d e c r e a s e s .  

L -  
a - 

0.4692/(1 - 1~ -1- c). 
s .-* 

S 
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and t h e  leakage cons tan t  i s  g iven  by 
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The mesh-poi.nt l ayout  f o r  t h e  va r ious  geometries t r e a t c d  i s  ind ica t ed  

i n  the  compact d i s p l a y  i n  Table 702-1. 

The s p e c i a l  boundary condi t ions  considered a r e  shown i.n F ig .  702-3. 

These a r e  f o r  two-dimensional problems o r  on plane;; of t h r e e - d k e n s i o n a l  

problems. 

e i t h e r  120" or 60". F i g .  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 i g .  702-5 t h e  l a y o u t  f o r  hexagona l  geometry .  

Note t h a t  t h e  coordina'ie axes i n  t r i a n g u l a r  geometry a r c  at 

ORNL - DWG 74 - 6645 

\ 

NOTE: 8 I S  IN RADIANS; WHEN THE CIRCLE 
IS CLOSED, e SPANS 2 7 ~  RADIANS 

F i g u r e  702-2. C y l i n d r i c a l  F i n i t e - D i f f e r e n c e  El-ernent 
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S p e c i a l  boundaLy c o n d i t i o n s  a re  keyed t o  t h e  r i g h t -  
hand o r  t h i  rd s i d e  indexed  c l o c k w i s e  b e g i n n i n g  w i t h  
t h e  l e f t  s i d e .  
uppe r  l e f i  hand c o r n e r  i n  r i l l  ca5c.s. 

The coord i lka t e  axis intcxrsert a t  t h e  

la- - la- - 
I 
I - II __I 

I I 1  
I - II __I 

CYLINDER . .-. . . . . . . 

0 

X 

e- x 

Tr i.arrp;ulai- 120 " 7 oor d inat es 
__^- .._ Triangular, 60" Coordinates 

F i g .  702-3. S p e c i a l  Boundary C o n d i t i o n s .  
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F i g u r e  702-5. The Layout  of Hexagonal Geocnr?irry. 



It i s  well-known 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  

L a p l a c i a n  o p e r a t o r  i s  a c c u r a t e  t o  the o r d e r  of t h e  mesh s p a c i n g  squared .  

W e  r e c o g n i z e  t h a t  t h e  accuracy  of t h e  mesh p o i n t  c e n t e r e d  approximation 

i s  s l i g h t l y  lower than  t h a t  o b t a i n e d  w i t h  mesh p o i n t s  l o c a t e d  on m a r e r i a l  

in terfaces .  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 med ium 

wi th  uiiiform s p a c i n g .  With mesh c e n t e r e d  p o i n t s ,  r e a c t i o n  ratc?s a r e  

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  m a t e r i a l s  w i t h i n  t h e  

f i n i t e - d i f  Ference volume el ement) , a g a i n  w i t h  t h i s  approximation;  t h i s  

makes such approximations as t h a t  o f  sirnpl c PI more r e a l i s t i c ,  

Still 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  well as estimates of l o c a l  p r o p e r t i e s  (power d e n s i t y ) ,  We l~e l i eve  

t h a t  e x p e r i e n c e  i s  t h e  b e s t  g u i d e  h e r e .  I t  is p o s s i b l e  t o  i n c r e a s e  t h e  

number of mesh p o i n t s  and solve Lhe new fine-mesh problem, which normally 

improves t h e  estimate of 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  no t  

n e c e s s a r i l y .  Care must b e  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  a n  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 .  G e n e r a l l y  

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  number of p o i n t s  i n  each d i r e c t i o n  (not  

j u s t  in o n e ) ,  and  w i t h i n  each zone of uniform composi t ion.  About t h e  

s a m e  mean f ree  n e u t r o n  pa th  l e n g t h  between a d j a c e n t  p o i n t s  i s  desi- t -able  

i n  a l l  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  bc done w i t h  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  iise of 

a v e r y  s m a l l  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 the 

estimate o f  l oca l  p r o p e r t i e s  t o  have a higlt accuracy .  W e  recommend 

a g a i n s t  use of l a r g e  changes i n  mesh s p a c i n g .  F u r t h e r ,  the i n t e r p r e t a t i o n  

of l o c a l  q u a n t i t i e s  should  b e  of mesh-average p r o p e r t i e s  rather t h a n  

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 .  
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F i n i t e - D i f f e r e n c e  Approximation e r r o r  
____-. 

The: soLiition o b t a i n e d  by a p p l i c a t i o n  o f  a f i n i t e - d i f f e r e n c e  formul.a-- 

t i o n  i.s not  p r e c i s e ;  a n  e r r o r  i s  a s s o c i a t e d  w i t h  tire approx ima t ion .  Th i s  

e r r o r  may b e  l a r g e r  t han  a c a s u a l  u s e r  may a n t i c i p a t e .  It i s  more s e r i o u s  

regardii-tg c e r t a i n  s p e c i - f i c  r e s u l t s  t han  o t h e r s ,  and has a depiinclence on 

the a c t u a l  problem n o t  r e a d i l y  p red i  c Led.  

Some informati.oii i s  a v a i l a b l e  from s i m p l e  problems f o r  which e x p l i c i t  

s o l u t i o n s  a re  a v a i l a b l e .  Consider  t h e  ooe--glT)IJp b a r e  homogeneous cube 

i n  t h r e e  dimens-i.c-ris, 11al.E-length 1,. T h e  p r e c i s e  and f i n i t e - d i f f e r e n c e  

solut.Lona f o r  the f l u x  are  s e p a r a b l e  i n  space ,  t h e  preci-se so lu t i -on  be ing  

$ ( x , y , z )  01 c o s  ( n x / 2 L )  c o s  (.iry/2L) c o s  (nz/21A) w i t h  r e f l e c t i o n  a t  t h e  

s t a r t  of  each  c o o r d i n a t e  and ze ro  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-ntegral. i s  u n i t y ,  

The l e a k a g e  ra te  a t  one s u r f a c e  i s ,  t y p i c a l l y ,  

and 

containing t h ~  f a m i l i a r  b u c k l i n g  term, B = 3 ( v / 2 L ) ’ .  
e 

The r e s u l t  f o r  a f i n i t e - d i f f e r e n c e  fo rmula t io i l  depends on t h e  l o -  

c a t i o n  of  t h e  mesh p o i n t s .  G e n e r a l l y ,  
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a n d  

where t h e  numerator i s  a s u r f a c e  i n t e g r a l  of che normal d e r i v a t i v e .  

the s i t u a t i o n  h e r e ,  assume the  same r e p r e s e n t a t i o n  a long  each coordinate ,  

For 

Cons ide r  mesh c e n t e r e d  points. Given N i n t e r n a l  p o i n t s  alollg eacll 

c o o r d i n a t e  space L/N,  t h e  end points located L/2W from boundaries, the 

su lu t i i on  is 

T h e  surface l e a k a g e  at x = L i s  estimated by assuming z e r o  f l u x  a t  x = L ,  
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T h e  i n t e g r a t e d  f l u x  i s  o b t a i n e d  as t h e  sum 

dx E A C  @ ( n , j , i )  1 N -  TL ~ 

n 

Note t h a t  f o r  l a r g e  N ,  sin (n/4N) 

resu l  t a 

f T / / ~ N ,  B: A 3 (T/ZL)~, t h e  p r e c i s e  

The more g e n e r a l  sol-ut ion f o r  a d i f f e r e n t  niunber of mesh p o i n t s  

a long  each c o o r d i n a t p  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  ferei-rce s o l u t i o n  t o  t h e  

p r e s s i o n s  f o r  t h e  f l i ix  a r e  i d e n L i r a l  except  for 

a s p e r  t 1 i r n i t s  t h e  g e n e r a l i t y  o r  t h i s  assessment  

precise one, t h e  ex- 

n o r m a l i z a t i o n .  T h i s  
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’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  f1 .m vaI.ue i t ;  g i v e n  by comparing 

normalized r e s u l t s .  Normalizing t o  t h e  same l o s s  rate,  abso rp t ion  p l u s  

le.akage, y i e l d s  

and t h e  r i g h t  hand 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  of a v e r a g e s  

a l o n g  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  relative e r r o r  

Thus t h e  e r r o r  i n  a p o i n t  f1u.x va lue  depends on t h e  problem, and i t -  depends 

on t h e  m e s h ,  each c o o r d i n a t e  making an independent  c o n t r i b u t i o n  a Except 

f o r  a small number of p o i n t s ,  t h e  e r r o r  d e c r e a s e s  as t h e  sum o f  the  re- 

c i p r o c a l s  o f  t h e  s q u a r e s  of t h e  numbers of mesh poir1t.s a l o n g  each coordiriafre. 

Doubling t h e  number of p o i n t s  a l o n g  each of t h e  c o o r d i n a t e s  would b e  ex- 

pec ted  t o  r e d u c e  t h e  e r r o r  by a f a c t . o r  of  4 .  

Consider  t h e  error i n  an i n t e g r a l  q u a n t i t y ,  nam?ly the inu l i r ip l ica t ion  

f a c t o r .  S ince  
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VC, 

t h e  error i s  given b y  

e k D 
C N,J,I 14--B2 

a 

- .. ... a .................... ___ 
9 

a s i m i l a r  v a r i a t i o n  t o  t h a t  o b t a i n e d  above. 

The Lealcaize ODeratotr E r r o r  

Consider t h e  f i n i t e - d i f f e r t n c e  approximation t o  t h e  l e a k a g e  o p e r a t o r .  

L f  t h e  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  rl.ux a t  a neigh-  

b o r i n g  p o i n t  i s  given by  a Taylor  expansion a s  

where A i s  t h e  mesh s p a c i n g .  Summing t h e s e  g i v e s  t h e  c e n t r a l  d i f f e r c n c e  

appKoximation f o r  t h e  Laplace o p e r a t o r ,  
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f ... . 
0 

Thus the error f rom d ropp ing  the higher  t e rms  i s  t o  tlle o r d e r  of  tflc 

incsh s p a c i n g  s q u a r e d ,  so  the e r r o r  i s  e x p e c t e d  t c l  v a r y  i n v e r s e l y  as t h e  

square o f  the  number of mesh p o i n t s .  

A p p l i c a t i o n  

C o n s i d e r  that a c a l c u l a t i o n  p r o d u c e d  a resu1. t ;  V I  w i t h  n mesh of 

N1, J1,  and II p o i n t s .  A second r e s u l t  V2 i s  obtai.1ir.d w i t h  N2, . J 2 ,  and 

1 2  p o i n t s .  W e  e x p e c t  that: 

w h e r e  

n 11 n 
tl 

a p p l i c a b l e  t o  one, two or t nensions ( d r o p  terms not applri.c.ab11c). 

These r e s u l t s  show t h a t  the  errors i n  the poin t :  f l u x  val.ues a n d  i n  

t h e  muLt i .p l i ca t ion  f a c t o r  are  i n v e r s e l y  p r o p o r t i o n a l  t o  t:he s q u a r e  of 

the  number of  mesh p o i n t s  ;~l .ong each c o o r d i n a t e  I Given two so l -u t ions  , 
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V(N) - I ' M  ) V(11) '\ N i V(-> = ... ... .- 
9 

/ M'\ 2 
1 _ [  - \ 

\ N ,,/ 

where V(N) is  t h e  r e s u l t  w i t h  N mesh p o i n t s ,  V(a) 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 If are the 

number of p o i n t s  a long  one  c o o r d i n a t e ,  no t  t h e  t o t a l  p o i n t s .  The 

e q u a t i o n s  apply t o  one , two , o r  t h r e e  dimensional  problem:;, 

Changes made l o c a l l y  o r  t o  less t h a n  a l l  c o o r d i n a t e s  t r e a t e d  should  

n o t  b e  expected t o  produce r e l - i a b l e  e x t r a p o l a e  i o n  and e r r D s  a ssessment ,  

n o t  i s  e r r o r  assessment  u f  a c o a r s e  mesh r e s u l t  r e l i a b l e .  T'ne r e l i a b i l i t y  

of 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  g e n e r a l  mul t i -group,  compli- 

catied geometry problem i s  unknown. E x t r a p o l a t i o n  of  i n t e g r a l  q u a n t i t i e s  

should  b e  more r e l i a b l e  t h a n  of p o i n t  p r o p e r t i e s ;  t h e  points may b e  a t  

d i f f e r e n t  l o c a t i o r i s  and a n  extreme (such as t h e  maximiirn power d e n s i t y )  

may move from one l o c a t i o n  t o  a n o t h e r .  For r e l i a b l e  assessment ,  i t  i s  

recommended t h a t  a uniform i n c r e a s e  i n  m e s h  p o i n t s  be made a l o n g  a l l  

c o o r d i n a t e  d i r e c t i o n s  i n  each zone. 

Azl i l l u s t r a t i o n  of a p p l i c a t i o n  i s  given 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 p r o b l e m .  

answers  f o r  s u c c e s s  ive meshes are shown bslow f o r  a p a r t i  cubar seven-group 

t i l  ree-dimens i o n a l  case : 

The results from c)xLrapolat ion of  
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Space  Mesh (M) 

6 x 2 ~ 4  

1 2 x 4 ~ 8  

24 x 8 x 1 6  

45 16 x 32 

96 x 32 x 64 

144  x 48 x 96 

a (continuum) 

0.7400339 - - 
0.7280397 4 0.7240416 

0.9250360 4 0.7240348 

0.7242847 4 0.7240343 

0.7240969 4 0.7240343 

0.7240621 2 .25  0.7240343 

0.7240343 

O f  c o u r s e  t h e  problems soved i n  a n a l y s i s  u s u a l l y  have g e o m e t r i c  and 

composi t ion c o m p l e x i t i e s ,  a n  i n t e g r a l  q u a n t i t y  such as the m u l t i p l i c a t i o n  
factor may b e  monotonic w i t h  i n c r e a s i n g  mesh only  above some mctsh s i z e ,  

and e x t r a p o l a t i o n  of coarse r e s u l t s  i s  u n r e l i a b l e  due t o  ‘nigher o rde r  

e r r o r  contaminat ion ,  

END OF SECTION 

... 





S e c t i o n  ‘@I: Calcula t ion  of‘ Mzcr.oscop?’.c Cross - 
Sec t ions ,  Nomial izat ion and E d i t s  

T’his code is designed. to use m.-icros(::opie data f o r  individual nuclides 

to take i n t o  ac1:oun-L c h a q e s  in .the concentrat ions of the nu.-,lj.des. It, 

may be practical ii some siti,mtri_oms to i ~ s e  a pseudo non-d.epletinq niic::li.de 

concerl-trakion of r e l a t i v e  dens i ty  and sssoc::ri.nted macroscopic cross  sec- 

t i o r i s  e 

The b a s i c  equat ions  w e d  f o r  calcula-ti.on of ma.cmsccq1i.c cross sec-  

t i o n s  are shown bel-ow. For sub-zone coiicentratS.ons, the efffectrive zone 

conceatrat.ion of ea& -nu.cllid.i? i s  t aken  as the sub-zone concentrat,ion 

timx the r3,t:i.o of t h e  sub-zone volume to the zone volume. It i s  assumed 

-that riucl.ide 6ensi.t.ies are in atoms/barn-crn and microscopic cross s e c t i o n s  

in lxcrm in cal.cula.tin,c: react-ion r a t e s ,  3-epletion., and deten!iiriing IMSS 

’osla,nces . 
Consider some zone w i t h i n  Tdhic’ri ea-cli nuclide ha:; a ~.rikf?orm, m e a  red 

concentration N. The usual cross s e c t i o n s  are calculated as follows with 

i rid exe s a, - ab so rp t ion ,  f - f i s :; icin , .t r - -L rails port , R - s ca i;t e r ing ,  and g and 

k-energy g ~ r o - ~ p : ~ ~  z-zone, and n-nu.rI.j.de, 

w h e r e  

and 



where M i s  the concent ra t ion  of nuc l ide  n i n  zone z ,  q is  the volume 

f r a c t i o n ,  M 

and zone volumes r e s p e c t i v e l y ;  

Z * ¶ Z  

i s  a subzone concent ra t ion  and V and Vz are rhc.. subzone  
S A  n , sz  

(704-1) 

For  the d i f f u s i o n - a p p r o x h a t i o n  calculat , ions,  each T,,gg-,e: i s  s z t  t o  zero  

t o  avoid slowing t h e  r a t e  of convergence of t h e  i t e r a t i v e  p o c e s s .  

The ecpations used t o  determine r e a c t i o n  r a t e s  a r e  as fol-lows. The 

r e a c t o r  thermal  power l e v e l ,  P, i s  detcrmined by 

where X, i s  t h e  nuc l ide  thermal  energy watt-sec p e r  f i s s i o n ,  Y, i s  pe r  

capture ,  C, i s  t h e  s p e c i f i e d  f r a c t i o n  u s e f u l  power, C, i s  t h e  s p e c i f i e d  

f r a c t i o n  of t h e  core  t r e a t e d  and the  fl.ux l e v e l  i s  adjus-Led such tha-t 

t h e  ca- lcu la ted  P 5s that value spec i f i ed  i n  wat-Ls. ?he values of @ 

a r e  s .hp ly  volume weighted over  zones a t  each e n e r , y ,  

-. 

t3,Z 

where i r e f e r s  t o  a mesh p o i n t  (and i t s  a s soc ia t ed  elemental  volume). 

Given the uiicroscopic type of energy data, not group dependent, 

t hen  



(L. -q OL ) 
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S e c t i o n  705: Types  of  Problems Solved 
I-._.- ______-.. 

The procedures  implemented i n  t h e  VENTURE code b l o c k  are a r i e n t p d  

a t  r e s o l u t i o n  of any of  a wide v a r i e t y  o f  l i a k , i c  problem t y p e s ,  These 

are d e s c r i b e d  i n  this s e c t i o n  w i t h  tlte e q u a t i o n s  cast  i n  m a t r i x  f o r m .  

We s t a r t  w i t h  the u s u a l  n e u t r o n  f l u x  e i g e n v a l u e  problem ( s e e  E q .  701-2 ) ,  

T h e  U s u a l  E igenvalue  Problem 
-I_ __ 

The u s u a l  neut ron  f l u x  e i g e n v a l u e  problem may b e  ca . s t  i n  t h e  form 

Where A is  the t r a n s p o r t ,  sca t te r : i .ng  c o u p l i n g ,  and l o s s  o p e r a t o r ;  I;' i.s 

the f i s s i o n  s o u r c e ,  i3. r o w  o p e r a t o r  J y. i s  the s o u r c e  distribut.:i.on f u n c t i o n ,  
n 

..... ... a column o p e r a t o r  ; qr is  t h e  n e u t r o n  f l u x  vector; and k i s  the multipli- e 
catl.on f a c t o r  t o  b e  determined which e f f e c t s  a pseudo s t e a d y - s t a t e  condi-  

t i o n  1 

E q .  705-5. h a s  t h e  s o l u t i o n  

(705-2) 

where A-I i s  the  i n v e r s e  of A ,  A - l A  = I ,  For many problems of  interest  

i t  i s  n o 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 s q u a r e  m a t r i x  c o n t a i n i n g  nd' e n t r i e s  e 

used which t a k e s  advantage  of the s p a r c e n e s s  of b o t h  h and F. 

SO an i n t e r a t i v e  procedure i s  

E q .  705-2 may a l s o  be  expressed  as 

(A-lxli' - k,, I) @ , (705-3) 

- 
a XF could b e  a matrix, n o t  s e p a r a b l e .  
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i n d i c a t i n g  t h a t  k 

e i g e n v a l u e  problem t o  be  t r e a t e d  h a s  a u n i q u e ,  most p o s i t i v e  e i g e n v a l u e  

i n  t h e  set  of all of them, k = k, > k, > ... . Ihe r equ i r emen t s  under 

which t h i s  i s  t h e  s i t u a t i o n  have been s t iudied.  b’e 

r e q u i r e d  tha t  each  p o i n t  i n  t h e  space-energy system b e  coupled t o  every 

o t h e r  p o i n t  through t h e  coup l ing  c o e f f i c i e n t s  ( i n  b o t h  A and x F ) .  F u r t h e r ,  

the so lu t - ion  v e c t o r  6 is  unique and each component 2 0 ,  b u t  o n l y  i f  x F  

i s  a l l  p o s i t i v e  and t h e  d i a g o n a l  t e r m s  o f  A dominate  a l o n g  coJumns; i t  

i s  s u f f i c i e n t  t h a t  all macroscopic  c r o s s  s e c t i o n s  b e  p o s i t i v e  g iven  t h e  

necessary c o u p l i n g ,  b u t  no t  absolutely n e c e s s a r y -  

i s  a n  e i g e n v a l u e  of A-lxF. We hope t h a t  any f l u x  e 

e 
P h y s i c a l l y ,  i t  i s  

The Fixed Source Problem 

The f i x e d  s o u r c e  problem i s  expres sed  as 

A $ = x F @ C S ,  ( 70 5-4 ) 

no t  ail e i g e n v a l u e  probleiil. O c c a s i o n a l l y  F = 0 ,  as f o r  deep p m e t r a t i o n  

s h i e l d i n g  problems, e s p e c i a l l y  a p p l i c a b l e  t o  e x t e n d i n g  a s o l u t i o n  f o r  a 

f u e l e d  r e g i o n  t o  a remote l o c a t i o n  by a n  a u x i l i a r y  c a l c u l a t i o n .  Tn 

r e a c t o r  c o r e  a n a l y s i s ,  f i x e d  s o u r c e  problems have been used inostly t o  

p l a y  computat ion 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 re- 

q u i r e  t h i s  f o r m u l a t i o n ,  as f o r  a n a l y s i s  of t h e  s t a r t - u p  c o n d i t i o n  wi th  

a s o u r c e  i n s e r t e d  i n  t h e  r e a c t o r .  

For  u s u a l  s i t u a t i o n s  t h e r e  i s  a n e u t r o n  d e n s i t y  d i s t r i b u t i o n  asso- 

c i a t e d  w i t h  a f i x e d  s o u r c e  problem, and t h e  l e v e l  of  t h i s  d e n s i t y  i s  

h i g h e r  t h e  larger  t h e  magnitude of t h e  s o u r c e .  A p r i m e  object: ive of a 

f i x e d  s o u r c e  c a l c u l a t i o n  i s  t o  de t e rmine  t h e  n e u t r o n  € l u x  l e v e l  asso- 

c i a t e d  w i t h  t h e  s o u r c e .  

-_ 

’G. Birkhoff  and R .  S .  Varga,  “Reactor  C r i t i c a l i t y  and Nonnegative 

Matr ices ,”  J .  Soc. Id. App. Math 6 ,  p .  354 (1958) .  
e R .  F r o e h l i c h ,  “ p o s i t i v i t y  Theorems f o r  t h e  D i s c r e t e  Form o f  t h e  

Multigroiip D i f f u s i o n  Equa t ions , ”  NS&E 3 4 ,  p .  57 (1968) .  
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L!en F i s  non-zero, t h e r e  i s  a s e n s i b l e  s o l u t i o n  t o  E q .  705-4 on ly  

i f  t h e  r e l a t e d  problem 

i s  s u b c r i t i c a l ,  k < 1, when S = 0. Otherwise ,  t h e  f l u x  l e v e l  would e 
keep i n c r e a s i n g ,  even w i t h o u t  t h e  f i x e d  s o u r c e  ~ and the usual  procedures  

f o r  r e s o l v i n g  f i x e d  s o u r c e  problems g e n e r a l l y  f a i l .  

T h e  Adjo in t  Flux Problem 

The a d j o i n t  f l u x  e i g e n v a l u e  probl-em i s  e x p r e s s e d  as 

where t h e  s u p e r s c r i p t  t refers t o  t h e  t r a n s p o s e  of e lements  about  t h e  

d i a g o n a l  ( i n t e r c h a n g e  of rows and columns) . l n  d i f f u s i o n - t h e o r y  r e p r e -  

s e n t a t i o n ,  t r a n s p o s i n g  A i n v o l v e s  

(1) no changes i n  t h e  t o t a l  removal (absorp t ion  3- o u t s c a t t e r i n g  + Db2)  

terms on t h e  d i a g o n a l ,  

(2)  no change i n  the d i f f u s i o n  c o u p l i n g  due t o  symmetry about t h e  

d i a g o n a l  b u t  

( 3 )  change i n  t h e  group-to-group t r a n s f e r  o r  s c a t t e r i n g  terms, Z(g-+n) t o  

C(n+g) ; i n s c a t t e r i n g  no l o n g e r  c a n c e l s  removal i f  t h e  e q u a t i o n s  are 

summed. 

r r a n s p o s i n g  XF c a u s e s  the c o n t r i b u t i o n  t o  group g by t h e  d i s t r i b u t i o n  

f u n c t i o n  y(g)  of n e u t r o n s  produced i n  f i s s i o n  i n  group n from t h e  reaction 

due t o  c r o s s  s e c t i o n  v.Xf(n), namely X ( g ) u C f ( n ) ,  f o r  t h e  usua l  problem 

t o  b e  r e v e r s e d  f o r  t h e  a d j o i n t  problem, namely u ) ( g ) x ( n > ,  o r  F x , if 
(xF) is  s e p a r a b l e .  

t t  



L'he e i g e n v a l u e  of  t h e  a d j o i n t  problerri i s  t h e  s a m p  as t h a t  of T-lie 

rrpllar problem,  k . I'iius i t  i s  cormion p L a c t i c e  t o  ESP t h e  r e s u l t  €loin 

the r e g u l a 1  problem i n  t h e  p r o c e s s  of  s o l u t i o n  of  tlte a d j o i n t  problem 

when t h e y  are  t r e a t e d  in s u c c e s s i o n .  However, i t  someiji i ies i s  of more 

i n t r r e s t  t o  -,olve t h e  p ~ t t - u r b e d  a d j o i n t  problem f o r  mor? p r e c i s e  a n a l y s i s  

of p e r t u r b a t i o r l s  iiihen a s p e c i f i c  p e r t u r b a t i o n  is of  i n t e i e s t .  In t h i s  

case t h e  p e r t u r b a t i n n  changes  k_ r e q u i r i n g  that  it be d r t e r x i n e d  as at1 

unknowia , 

e 

c- 

'L'he a d j o i n t  f i x e d  s o u r c e  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  

of the e f f e c t  o f  p e r t u r b a r t o n s  t o  t h e  sysLem o1i some s p e c i f i c  l o c a l  e f -  

f e c t .  The problem t o  be s o l v e d  i s  

~ & t p  + S", ( ?cly-6) 
and t h e  a p p r o p r i a t e  s o u r c e ,  S* must  b e  s u p p l i e d  f o r  t h i s  a d j o i n t  problem.  

A s  rioted b e f o r e ,  t h e  s y s t e m  must b e  s u b c r i t i c a l .  

When an  a d j o i n t  problem is of  t h e  e i g e n v a l u e  irype and d i r e c t l y  f o l -  

lows a r egu l . a r  p rob lem,  i.n t h e  same code  b l o c k  access,  t h e n  t h e  r e s u l t  

f o r  k from the regular problem is u s e d .  It i.s t h u s  assumed t h a t  t h e s e  

e i g e n v a l u e  problems are f o r  t h e  same systeiii.  When an  a d j o i n t  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  follows a r e g u l a r  probleiil 

i n  wiii~ch a c r i t i c a l i t y  s e a r c h  w a s  done:  i t  i.s a g a i n  assumed t h a t  t h e s e  

e i g e n v a l u e  probleiiis 2re Eo-c t h e  same syst-em, name1.y t h e  r e s u l t  o f  t h e  

c r i t i c a l i t y  s e a r c h .  T h i s  i s  t r u e  even  f o r  t h e  I / v  s e a r c h  and the l / v  

l o s s  terms are i -nc luded  i n  t h e  a d j o i n t  prob1.em. 

e 

T,LThp.n a n  a d j o i n t  problem i s  of t h e  f i x e d  s o u r c e  r y y e ,  i t  i s  assumed 

t o  be  f o r  t h e  sys t em i n i t i a l  1-y p r e s p n t e d ,  e x c e p t  when a r e g u l a r  problem 

i s  r u n  f i r s t  and a d j u s t m e n t s  are iiladc i n  n u c l i d e  c o n c p n c s a t i o n s  o r  

d i m e n s i o n s .  

An a d j o i n t  problem may be  s o l v e d  i n  a n  access f o t h e  code  b l o c k  

w i t h o u t  f i r s t  so lv ing  a r egu la r  problem.  'This p rob lem may be  an e i g e n v a l u e  

problem,  o r  a f i x e d  s o u r c r  problem for which there may o r  may not be a 

t r a n s p o s e d  f i s s i o n  s o u r c e .  
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C r  i t i e a l i t y  Searches ----- 

The primary a p p l i c a t i o n  of a code b lock  des igned  t o  soI.ve n e u t r o n i c s  

e i g e n v a l u e  problems i s  a n a l y s i s  of r e a c t o r  c o r e  con(1:i.t j.ons. T o  1-10.l.d a 

r e a c t o r  a t  a d e s i r e d  power level., i t  must b e  main ta ined  a t  3 n e a r  c r i t i c a l  

c o n d i t i o n .  There-Fore, it i s  incumbent on a n a l y s i s  e f f o r t  t o  dr te-rmine 

r e p r e s e n t a t i v e  c o n d i t i o n s  n e a r  t h i s  r e q u i r e d  s t a t e  o f  o p e r a t i o n .  ‘.Che Lype 

of probl-em t o  b e  s o l v e d  has been iiamed t h e  c r i . t i ca l . i t y  s e a r c h ;  ad jus tments  

a r e  t o  be made i n  c e r t a i n  parameters of the problem t u  e s t a b l i s h  i3 desired 

s t a t e  of  c r i t i c a l - i t y .  

E s t a b l i s h i n g  t h e  p o s i t i o n s  of i n d i v i d u a l  c o n t r o l  r o d s  r e p r e s e n t e d  

d i s c r e t e l y  i n  a f i n i t e - d i f f e r e n c e  mesh wli  i.ch s a t i s f y  the c r t t i c a l  c o - n d i t i o n  

and p in imize  t h e  peak power d e n s i t y  i s  one of the most dSffLcul t  p rob lems  

formula ted  i n  r e a c t o r  arial .ysis.  This  problem has only  been solvet1 by  

i n d i r e c t  methods. 

The criti(:.a.l.i.ty s e a r c h  problem may b e  expressed  i n  a g e n e r a l  forrnu- 

l a t i o n  as 

where IC is  the 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 speci-fled number 

o f t e n  rmi.ty, and B is t h e  s e a r c h  o p e r a t o r .  This probl.em is t o  b e  solved 

g iven  a spec.i .f ied way i n  which t h e  components of B are t o  be c h n g e d  t o  

e f f e c t  t h e  s o l u t i o n .  

e 

Thetre may be c o n s t r a i n t s  on accFptable s o l u t i o n s  ; a m a t h e m a t i i c a l  

s o l u t i o n  may n o t  have a r e a l i s t i c  p h y s i c a l  i n t e r p r e t a t i o n .  A system con- 

t a i n i n g  no f i s s i l e  material  cannot  be  made c r i t . i ca l  u n l e s s  f i s s i l e  m a t e -  

r i a l  is added t o  i t .  A mathematical  s o l u t i o n  which involves  n e g a t i v e  

. .  .j.. nucli .de concent ra t i -ons  o r  ones  which e.xceed physic .a l  l i m i t r a t i o r i s  i s  

u s u a l l y  n o t  a c c e p t a b l e .  

. . . . . . -, 
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A unique s o l u t i o n  t o  .the g e n e r a l  s e a r c h  problem i s  n o t  a s s u r e d .  There 

are o f t e n  two d i f f e r e n t  m i x t u r e s  of D,O and H,Q which w i l l  s a t i s f y  c . r i . t ica1 

c o n d i t i o n s  i n  a wide l a t t i c e  thermal  r e a c t o r .  There are o f t e n  t h r e e  

di.f ferent concen t - r a t ions  of t h e  s a m e  m i x t u r e  of plutonium i s o t o p e s  which 

w i l l  s a t i s f y  c r i t i c a l  cond i t i . ons  (ma themat i ca l ly )  i.n a water-cooled 

c o r e .  The a n a l y s t  i s  o f t e n  s e e k i n g  o n l y  one of these p o s s i b l e  s o l u t i o n s .  

He is c a u t i o n e d  about  t h e  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  t h e  g e n e r a l  c r j t i -  

c a l i t y  s e a r c h  problem. The automated p rocedures  seek a ma themat i ca l  

so l . i .~ t ion ,  t r y  t o  de t e rmine  t h o s e  s i t u a t i o n s  where such a so l .u t ion  does 

n o t  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  de t e rmine  i f  i t  i s  r e a l i s t i c  

i n  a p h y s i c a l  s e n s e ,  and d i s c o n t i n u e  f u r t h e r  c a l c u l a t i o n  i f  i t  i s  riot. 

Quit-e g e n e r a l l y ,  i t  i s  assumed t h a t  t h e  i n i t i a l  s t a t e  o f  t h e  system i s  

r e l a t i v e 1 . y  c l o s e  t o  t h e  d e s i r e d  s o l u t i . o n .  When i t  i s  s o ,  many of t:he 

d i f f i c u l t i e s  are avo ided .  Beware the r e s u l - t s  when large changes t o  t h e  

inii:i.al c o n d i t i o n s  w e r e  r e q u i r e d  t o  e f f e c t  a s o l u t i o n .  

The s o p h i s t i c a t i o n  of Lire t r e a t m e n t  i n  a code such as VENTURE i n -  

c r e a s e s  w i t h  development.  A t  t h e  t i m e  t h i s  documentat i o n  w i  11 be p u b l i s h e d ,  

it‘ should c o n t a i n  t h e  b a s i c  c a p a b i l i t i e s  d e s c r i b e d  l i e r e i n .  An ex ten7 ion  

o v e r  s imple  p rocedures  has  been i n c o r p o r a t e d .  (:onside> t h a t  c o n c e n t r a t i o n s  

of n u c l i d e s  have been a d j u s t e d  i n  acco rdance  t o  s p e c i i i c a t i o n s ,  b u t  t-he 

problem s o l u t i o n  i s  found t o  b e  u n a c c e p t a b l e .  L e t  115 s a y  i t  took  more of  

t h e  d e s c r i b e d  T u p 1  as makeup than i s  a v a i l a b l e .  Adding t-he a l l o t e d  amount 

of  t h i s  f u e l ,  and t h e n  s e a r c h i n g  on a secondary f u e l  mix tu re  i s  p o s s i b l e .  

The b a s i c  c r i t i c a l i t y  s e a r c h  problems t r e a t e d  i n  t h e  VENTURE code 

are d e s c r i b e d  below.  For s e v e r a l  o f  t h e s e ,  E q .  705-7 is  r e c a s t  i n  t he  

f 0 rm 
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where XP i s  t h e  n e u t r o n  s o u r c e  o p e r a t o r  g c r i e r a l l y  a s s o c i a t e d  w i t h  s e a r c h  

on f i s s i l e  n u c l i d e  c o n c e n t r a t i o n s ,  s imilar  t o  b u t  o f t e n  more s p a r s e  t h a n  

xF,  (2 i s  a d i a g o n a l  m a t r i x  r e p r e s e n t i n g  l o s s  o n l y ,  and X is  t h e  e i g e n v a l u e  

of t h e  s e a r c h  problem t a  b e  de te rmined ,  For such problems a procedure i s  

a v a i l a b l e  which i t e ra tes  d i r e c t l y  toward a s o l u t i o n .  

I n  E q .  705-8,  P = 0, and Q c o n t a i n s  t h e  c o n t r i b u t i o n s  from b u c k l i n g  

The l o c a l  v a l u e  of t h e  d i f f u s i o n  c o e f f i -  l o s s  terms as s p e c i f i e d ,  DBfV.  

c i e n t  D is used ,  t h e  l o c a l  volume V ,  and tile b u c k l i n g  Bl w h i c h  may b e  

energy group and p o s i t i o n  dependent .  'l'be v a l u e  of A, a n  e i g e n v a l u e ,  i s  

t o  be de te rmined;  i t  is  a r e l a t i v e  n a g n i t u d e  of t h e  b u c k l i n g .  That i s ,  a l l  

t h e  v a l u e s  of Bl are a d j u s t e d  p r o p o r t i o n a l l y  (ABl) t o  eEfect 

A s  programed, A - 1  i s  determixed d u r i n g  t h e  i t t e r a t i v e  procedure.  

a s o l u t i o n .  

T h e  Direct R e c i p r o c a l  V e l o c i t y  Search  

For t h i s  problem, P = 0 ,  and only  t h e  d i a g o n a l  e lements  of Q c o n t a i n  

t h e  product  of t h e  rec iproca l .  oL t h e  v e l o c i t y  and f-he Local  volume, loss 

t e r m s .  The e i g e n v a l u e  X i s  a m u l t i p l i e r  on the r e c i p r o c a l  velocity s i n k  

t e r m  which e f f e c t s  a solution. I f  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 t i m e  c o n s t a n t .  'l'he dy- 

namic n e u t r o n  b a l a n c e  i s  c o n s i d e r e d  i n  t h e  f o r i n  

where x is  t h e  n e u t r o n  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 m p t o t i c  n e u t r o n  f l u x  mode is formulated by assumi.ng t h a t  
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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  to irhe form o f  E q .  70.5-8, 

p = 0 ,  w i t h  X i d e n t i f i e d  a s  a ,  a t i m e  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  w i t h  

a prompt neutrr-on [node (no c o n t r i b u t i o n  from d e l a y e d  n e u t r o n s ) ,  and  Q i s  

v-  1 . A s u i t a h l e  v a l u e  of k ifiust be  s p e c i f i e d  and t h e  r e s u l t s  p r o p e r l y  

i -x i t e rp re t ed ,  b u t  c o v e r a g e  o f  t h e s e  i m p o r t a n t  d e t a i l s  i s  beyond the scope  

of t h i s  document:. It is  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 suS . 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  condi . t ions,  

as by  a d j u s t t a g  some of  t h e  p a r a m e t e r s ,  01 t o  e s t a b l i s h  t h e  v a l u e  o f  

k t o r  the sys t em.  

e 

e 

The Direct  Nucl ide . . ... ... ..... .. .. .. . C o n c e n t r a t i o n  - S e a r c h  ___ 

The d i ~ r e c t  s e a r c h  t e c h n i q u e  may o f t e n  be  u s e f u l l y  a p p l i e d  to problems 

of  determini.-ng n u c l i d e  c o n c e n t r a t i o n  c h a n g e s ,  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 .  D e s i r e d  condi t i .o i i s  may o f t e n  b e  s a t i s f i e d  w i t h  l i t t l e  more calcu-  

l a t i o n a l  e f  f or;:. t.iian r e q u i r e d  t o  s o l v e  the c o r r e s p o n d i n g  usual. e i g e n v a l u e  

problem.  It is  a s s w e d  t h a t  t he  n u c l i d e s  f o r  which c o n c e n t r a t i o n  changes  

a r e  t o  b e  made make p r i m a r y  c o n t r i b u t i o n  t o  t h e  macroscop ic  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  s e c t i o n s ,  and o n l y  s e c o n d a r i l y  a f f e c i  the s c a t t e r i n g  

and t r a n s p o r r .  terms. Thus a p p l i c a t i o n  i s  t o  heavy  m c ? : a l s  o r  c o n t r o l  

a b s o t - b e r ,  n o t  t o  m o d e r a t o r .  

The c o n c e n t r a t i o n s  o f  c e r t a i n  n d c l i d e r ,  are t o  b e  changed  i n  t h e  s y s -  

t e m  as n e c e s s a t y  t o  s a t i s f y  a d p s i r e d  Val-ue o f  k . Given s p e c i f i c a t i o n s  

f o r  t h e s e  c o n c e n t r a t i o n  c h a n g e s ,  a common m u l t i p l i e r  i s  d e s i r e d  s u c h  that 

at- s o l l i t i o n  the a c t u a l  changr  made i n  t h e  c o n c e n t r a l  i o n  of  n u c l i d e  n a t  

l o c a t i o n  r i s  givi3n by 

e 



where the argument ( 0 )  refers t u  t he  i n i t i a l .  specification, arid A i s  a 

corn~imn m u l t i p l i k r  an  e igenvalue t o  b e  determined. Cons: ider   lie following 

which are e f f  ecti.ve1y mricroscopi.i: p rope r t i e s :  

u 
where sums are over the search (inc.l ides.  Ci.ven an i t e ra te  esti .rnnte of 

the neutron f l u x ,  an o v e r a l l  n e u t r o n  bal.arice rnay be formula te id  as 

where P is the s u m e d  n e u t r o n  p r o d u c t i o n  rat:e f o r  the sysixm; A is the 
t I: 

summed l o s s  rate, a b s o r p t i o n  and b u c k l i n g ,  f o r  ‘il-~c: system; I, is the  s u r - - ,  

f a c e  leakage ,  and 
t 

V b e i n g  the reg ion  t ~ o l i i m e ,  and $ i s  r e g i o n  a v e r a g e  nzll troo F l l d X  i n  
r r 3 g  

i% k c o u n t  for  volume f r a c t i o n s ,  and  f o r  w 1 u m e  r a t i o s  i.n the  case 
of subzone search, i s  not: S ~ O V J ~ .  
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Solv ing  t h e  above e q u a t i o n  f o r  t h e  unknown e i g e n v a l u e  gives 

A =  1 
.I. 

As -- ]iE T, 
( ‘705 -11) 

Thus from an overal l .  n e u t r o n  b a l a n c e ,  an e s t i m a t e  i s  made of t h e  e igen-  

v a l u e  o f  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. With t h i s  estimate 

t h e  usual  i t e r a t i v e  procedure may be a p p l i e d ;  account  i s  taken  of  t h e  con- 

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  i h e  macroscopic a b s o r p t i o n  and 

product ion  c r o s s  s e c t i o n s  a s s o c i a t e d  w i t h  t h e  changes.  

To account  f o r  small 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 roper -  

t i c s ,  t h e  n u c l i d e  c o n c e n t r a t i o n s  a r c  updated a t  convenient  p o i n t s  i n  t h e  

i t e r a t i o n  c y c l e ,  and t h e  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  

a r e  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  Lhe c a l c u l a t i o n .  

The I n d i r e c t  Search 

The convent iona l  way t h a t  t h e  n u c l i d e  s e a r c h  problem h a s  been so lved  

i s  by solut.:ion of  a series o f  u s u a l  e igenvalue  problems w i t h  estimates of  

t h e  r e q u i r e d  changes t o  the s e a r c h  n u c l i d e  c o n c e n t r a t i o n s  in1;t:oduced a f t e r  

each e i g e n v a l u e  problem. F i r s t  t h e  u s u a l  e i g e n v a l u e  problem is  s o l v e d  

( f o r  k ) f o r  the condit.-Lons prese-nted.  A change i s  made i n  t h e  n u c l i d e  

c o n c e n t r a t  ions accord ing  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 e i g e n v a l u e  

problem i s  s o l v e d .  Based on t h e s e  r e s u l t s  , t h e  n u c l i d e  c o n c e n t r a t i o n s  

a r e  f u r t h e r  a d j u s t e d ,  and t h e  p r o c e s s  cont inued  t o  an  a p p a r e n t  s o l u t i o n ,  

s u b j e c t  t o  acceptance  by  t h e  a n a l y s t .  

e 

The dimension s e a r c h  problem i s  done i n  t h e  same manner. Changes 

are made i n  the geometr ic  mesh s p a c i n g  t o  e f f e c t  a d e s i r e d  s o l u t i o n .  

END OF SECTION 
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S e c t i o n  716: The I t e r a t i o n  P rocedures  _._.___^_ 

I n t r o d u c t i o n  ____. 

This  s e c t i o n  documents t h e  i t e r a t i v e  p r o c e d u r e s  implemented i n  t h e  

VENTURE code.  An a t t e m p t  i s  made t o  p r o v i d e  t h e  user w i t h  tilie i n f o r m a t i o n  

he  needs f o r  p r a c t i c a l  u s e  o f  t h e  code. and t o  choose between t h e  programmed 

o p t i o n s  a v a i l a b l e ,  f o r  e x p e r i m e n t a t i o n  o r  s e l e c t i v e  a p p l i c a t i o n .  

The p rocedures  of c a l c u l a t i o n  must b e  c o n s i d e r e d  r a t h e r  compl i ca t ed  

when viewed by t h e  a n a l y s t  wan t ing  r e s u l t s  and not  much concerned about  

how t h e y  are o b t a i n e d .  In s o l v i n g  l a r g e  probl-ems, computat ion cos t  i s  

an i m p o r t a n t  c o n s i d e r a t i o n ;  t h e r e  i s  i n c e n t i v e  t o  r educe  t h e  c o s t  by 

appl-ying an e f f e c t i v e  p rocedure .  The overal .1 s t r a t e g y  i n v o l v e s :  

1. I n i t i a l i z a t i o n  ( s e e  S e c t i o n  7 1 8 ) ,  

2.  I n n e r  i t e r a t i o n  w i t h  o v e r r e l - a x a t i o n  t o  a c c e l e r a t e  t h e  fi.xed 

s o u r c e  problem a t  each e n e r g y ,  

Ou te r  i t e r a t i o n  w i t h  a c c e l e r a t i o n  , 3 .  

4 .  Convergence tes ts ,  and 

5. Reliab:i.l .ity checks ( s e e  S e c t i o n  7 2 0 ) .  

'f l it3 f o l l o w i n g  d i scuss i -on  a d d r e s s e s  t h e  i n d i v i d u a l  p r o c e d u r e s .  I n t r o d u c t o r y  

material  i s  g iven  f i r s t  t o  o r i e n t  t h e  r e a d e r .  

I n n e r  i t e r a t i o n  i n v o l v e s  s u c c e s s i v e  r e c a l c u l a t i o n  o f  t h e  f l u x  v a l u e s ,  

Gi-ven t h e  f i s s i o n  and i n s c a t t e r i n g  s o u r c e ,  t h e  c o u p l i n g  ( n e u t r o n  b a l a n c e )  

e q u a t i o n s  are s o l v e d  by an o r d e r e d  sweep th rough  t h e  s p a c e  mesh a t  one 

ene rgy .  Th i s  i s  e x p r e s s e d  i n  m a t r i x  form as 

a set  of: coupled l i n e a r  e q u a t i o n s  where r e p r e s e n t s  t h e  p o i n t  f lux  

v a l u e s  f o r  i n n e r  i t e r a t i o n  t ,  o u t e r  i t e r a t i o n  n ,  M i s  t h e  o p e r a t o r  

( c o u p l i n g  t e rms)  and S r e p r e s e n t s  t h e  p o i n t  s o u r c e  terms. Latest p o i n t  

v a l u e s  o f  the f l u x e s  are used as they become a v a i l a b l e  and new v a l u e s  

are o b t a i n e d  f o r  a block LIE p o i n t s  s i m u l t a n e o u s l y .  T h e  newly c a l c u l a t e d  

v a l u e s  are d r i v e n  by o v e r r e l n x a t  ion which i n v o l v e s  u s i n g  t h e  changes 

i n  t h e  p o i n t  f l u x  v a l u e s  t o  d r i v e  t h e  f l u x e s  i n  t h e  d i r e c t i o n s  of  i n d i v i d u a l  

changes from t h e  p r e v i o u s  i t e r a l e  v a l u e s .  Thus,  M above i s  a p p r e c i a b l y  

t , n  

n 
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a l t e r p d  froin j u s t  a s i m p l e  c o u p l i n g  o p e r d t o r ;  i t  may depend on n and t. 

The number of  i n n e r  i t e r a t i o n s  c a r r i e d  o u t  on one s p a c e  p rob lem e a c h  

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 .  

O u t e r  i t e r a t i o n  on an  e i g e n v a l u e  p rob lem may b e  viewed as s o l v i n g  

Llle m a t r i x  e q u a t i o n  

I 

a set  o f  c o u p l e d  e q u a t i o n s  where r e p r e s e n t s  t h e  p o i n t  f l u x  v a l u e s  n 
f o r  o u t e r  i t e r a t i o n  n ,  E i s  a s p a c e ,  ene rgy  c o u p l i n g  o p e r a t o r ,  F c o n t a i n s  

t h e  t e r m s  f o r  n e u t r o n  p r o d u c t i o n  from f i s s i o n  and X i s  t h e  int-o-group 

d i s t r i b u t i o n  f u n c t i o n ,  and k i s  t h e  estimate o f  t h e  m u l t i p l i f i c a t i o n  

f a c t o r .  It i s  n o t e d  t h a t  i n n e r  i t e r a t i - o n  c a u s e s  E t o  have  a c o m p l ~ i c a t e d  

form.  

n-I 

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 l d i n g  l a t e s t  estimates 

of  t h e  p o i n t  f l u x  v a l u e s  4 and a new estimate of t h e  e i g e n v a l u e  o f  t h e  

p rob lem,  k n ,  i s  o b t a i n e d .  

h i g h e s t  e n e r g y  groiip f o r   usual^ problems and p r o c e e d s  downward, f o l l o w i n g  

t h e  p r i m a r y  d i r e c t i o n  o f  n e u t r o n  s c a t t e r i n g .  Fo r  ad jo i .n t  p roblems t h e  

sweep i s  r e v e r s e d .  

n '  
The c a l c u l a t i o n  s t a r t s  w i t h  t h e  f i r s t  o r  

The s a m e  s t e p s  are c a r r i e d  o u t  w i t h i n  e a c h  o u t e r  i t e r a t i o n .  'This 

i s  n e c e s s a r y  t o  p e r m i t  e f f e c t i v e  a c c e l e r a t i o n  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 .  Two a c c e l e r a t i o n  schemes are u s e d ,  Chebyshev a c c e l e r a t i o n  

a p p l i e d  r e p e a t e d l y  and a s y m p t o t i c  e x t r a p o l a t i o n  done o n l y  o c c a s i o n a l l y .  

The Chebyshev a c c e l e r a t i o n  p r o c e s s  i n v o l v e s  a c c c l - e r a t i o n  e a c h  o u t e r  

i t e r a t i o n  of  t h e  c a l c u l a t e d  f l u x  v a l u e s  g i v e n  t h e  i t e r a t e  es t imates  f o r  

t h e  two p r e v i o u s  o u t e r  i t e r a t i o n s .  The o b j e c t i v e  i s  t o  b e a t  down t h e  

c o n t r i b u t i i o n s  from a l l  t h e  e r r o r  v e c t o r s  h a v i n g  e i g e n v a l u e s  o v e r  a 

s p e c i f i c  r a n g e .  P r a c t i c a l  c o n s i d e r a t i o n s  i n c l u d e  s e l e c t i o n  of  the s t a g e  

of  t h e  c a l c u l a t i o n  t o  i n i . t i a t e  t h e  p r o c e s s ,  i d e n t i f y i n g  t h e  e igenval .ue  

s p e c t r u m  r a n g e ,  i d e n t i f y i n g  when t h e  p r o c e d u r e  i s  n o t  e f E e c t i v e  and 

when i t  can  b e  e x p e c t e d  t o  n o t  b e  e f f e c t i v e .  

Asympto t i c  s ing le -e r ro r -mode  e x t r a p o l a t i o n  i s  b a s e d  on t h e  a s sumpt ion  

t h a t  a s i n g l e  e r r o r  v e c t o r  domina te s  a s y m p t o t i c a l l y ,  t h e  o t h e r s  h a v i n g  
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... ...... 

decayed away. Two succeedi.ng o u t e r  i t e r a t i o n  s e t s  o f  f l u x  v a l u e s  are 

e x t r a p o l a t e d  t o  an a p p a r e n t  s o l u t i o n .  An asympto t i c  double-error-mode 

e x t r a p o l a t i o n  p rocedure  i s  also implemerited which u s e s  1: t iree succeed ing  

i t e r a t e  sets o f  the f l u x  va-lues . P r a c t i c a l .  c o n s i d e r a t i o n s  i n c l u d e  

i d e n t i f y i n g  when t.he i t e r a t i v e  b e h a v i o r  i n d i c a t e s  e x t r a p o l a t i o n  w i l l  be 

e f f e c t i v e  and e s t i m a t i n g  s u i t a b l e  e x t r a p o l a t i o n  f a c t o r s .  Ex t r apo la t i -on  

may b e  done when t h e  Chebyshev p r o c e s s  i s  b e i n g  a p p l i e d .  

The p r imary  c r i t e r i a  s e l e c t e d  t o  . i d e n t i f y  t h a t  an i t e r a t i v e  proc.ess 

i s  conve rgen t ,  i s  the maximum r e l a t i v e  f l u x  change between s u c c e s s i v e  

i . t e r a t i o n s .  T h i s  q u a n t i t y  i s  used  i n  the implemented p rocedures  t o  

eva l .ua t e  the be t l av io r s  of  t h e  i n n e r  i t e r a t i o n  and t h e  o u t e r  i t e r a t i o n  

processes.  A l s o  the r a t i o  of the sums o f  t h e  magnitudes of t h e  f l u x  changes 

i.s Iised on o u t e r  i t e r a t i o n s .  

Remarks on 9 t i m u m  S t r a t e g y  _.--._.--.I___. ___ ~ 

If the  optimum number of  i n n e r  i t e r a t i o n s  i s  very f e w ,  pe rhaps  even 
.. . 

one, iz relatrive1.y s t r a i g h t - f o r w a r d  arid e E f e c t i v e  p rocedure  can be  identi.- 
fied and a p p l i e d .  I f  t h e  optimuiii number of i n n e r  i . t e r a t i . o n s  i s  I-arge,  a 

d i f f e r e n t  re la t  i.vely s t r a i g h t - f o T w a r d  and e E f e c t i v e  p rocedure  can  be 

i d e n t i f i e d .  The t w o  proc.edures are qui te .  d i f f e r e n t  and there i s  no smooth 

t r a n s i t i o n  from one to t h e  o ther  which i s  needed when a modest number of 

inner i t e r a t i o n s  s h o u l d  b e  t h e  optimum. Furthermore,  an i n i t i a l  commit- 

ment t o  se t  d a t a  h a n d l i n g  p r o c e d u r e s  makes :i.t v e r y  di€f:i.c.ult t o  s h i f t  

tlie strategy dun::inp, the c a l c u l a t  i o n  as i n f o r m a t i o n  becomes a v a i l a b l e  

abou t  t h e  i t e r a t i v e  lxhavio?: a 

The n b j e c t i v e  i s  e f f e c t i n g  a n  a c c e p t a b l e  s o l u t i o n  t o  a problem a t  

a mini11~um c o s t  o f  computat ion t o  t h e  p r o j e c t .  Consider:ing t h e  l a r g e  

number o f  var iables  inv ( l Ived ,  incl .uding t h e  a v a i l a b l e  computt2r envir-on- 

rnent and local cos t  a l l o c a t i o n ,  p r e - s e l e c t i o n  o f  an opt:i.mum s t r a t e g y  i s  

s imply  n o t  p o s s i b l e .  
s 7 ,  ].ne procedures  iniplement:ed admit 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 .  A s t r a t e g y  i.s sel .ected wh:i ch depends on t h e  p a r t i c u l a r  

problem t o  b e  s o l v e d  and t h i s  s t r a t e g y  undergori:s modest: changes as 

i n f o r m a t i o n  about  t h e  i t e r a t i v e  behavior becomes avai1abl.e. ~ The aut.0- 

n a t i c  s e l e c t i o n  of  a s t r a t e g y  allows a p p l i c a t i o n  with mini-mum burde.n 

..... 
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t o  t h e  u s e r ;  however, i t  i n v o l v e s  compromises and can h a r d l y  b e  expec ted  

t o  r e p r e s e n t  t h e  optimum i n  any g iven  s i t u a t i o n  f o r  a p a r t i c u l a r  problem. 

P r i n c i p a l  a l t e r n a t i v e s  f o r  b a s i c  s e l e c t i o n  between p rocedures  are under  

t h e  c o n t r o l  of  u se r - - inpu t  o p t i o n s .  For  chose p r o b l e m  f o r  which t h e  

i t e r a t i v e  b e h a v i o r  i s  p r e d i c t a b l e  from p a s t  e x p e r i e n c e ,  i n p u t  c o n t r o l  i s  

a v a i l a b l e  and e x e r c i s i n g  t h i s  c o n t r o l  i s  d e s i r a b l e .  However, a n o t e  

of c a u t i o n  i.s i n  o r d e r .  Only a l i m i t e d  background of e x p e r i e n c e  wi.l:h 

t h e  a c t u a l  p rocedures  implemented i s  a v a i l a b l e  t o  t h e  a u t h o r s ;  i t  t a k e s  

t i . m e  io accuunil.ate e x p e r i e n c e .  P a s t  e x p e r i e n c e  wi t h  s i m i l a r  p rocedures  

b u t  y e t  d i f f e r e n t  i n  d e t a i l ,  may n o t  b e  app l . i cab le  n o r  t r u s t w o r t h y .  

F u r t h e r ,  t h e  overhead of  h a n d l i n g  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 s o c i a t e d  p e n a l t y  must be  c o n s i d e r e d  i n  a p p l y i n g  

t h e  p rocedures  o r  a t t e m p t i n g  t o  modify them. 

Before d i s c u s s i n g  t h e  d e t a i l s  of t h e  p r o c e d u r e s ,  an overview of 

t h e  i t e r a t i o n  s t r a t e g y  i s  p r e s e n t e d .  

An Overview of t h e  I t e r a t i o n  S-trategy 
_ _ _ . ~ _ . _ _ _ -  

The g e n e r a l  p rocedure  of  s o l u t i o n  employed i s  one o f  i t e r a t i o n .  

F o r  t h e  u s u a l  e i g e n v a l u e  p-roblem, t h e  e q u a t i o n  t o  b e  s o l v e d  i s  

With s p e c i a l  p a r t i t i o n i n g  of the matr-i.x A ,  

1 
k 

[ U  - J - T.. - U] 4 = [ S  + T +-XI?] + , 
e 

(716-1)  

(716-2) 

where 

D = t h e  main d i a g o n a l  term ( l o s s  due t o  a b s o r p t i o n ,  b u c k l i n g ,  

o u t s c a t t e r ) ,  

J c o n t a i n s  t h e  coup l ing  t e r m s  f o r  a b l o c k  of  p o i n t s  ( a s  a l o n g  a 

row i n  space a t  one ene rgy)  f o r  which t h e  f l u x  v a l u e s  are 

determined s i m u l t a n e o u s l y  p r e c i s e l y  g iven  t h e  c u r r e n t  v a l u e s  

o f  t h e  o t h e r  f l u x e s ,  

L = t h e  lower t r i a n g u l a r  m a i r i x  c o n t a i n i n g  c o u p l i n g  t e r m s  i n  s p a c e ,  
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U = t h e  upper  t r i a n g u l a r  m a t r i x  c o n t a i n i n g  c o u p l i n g  t e r m s  i n  space 

( e x c l u d i n g  any a p p e a r i n g  i n  J ) ,  

S = t h e  d o w n s c a t t e r i n g  s o u r c e  matr ix  (group-to-group s c a t t e r i n g  

terms a t  3 p o i n t ,  

T = t h e  u p s c a t t e r i n g  s o u r c e  m a t r i x  (group-to-group s c a t t e r i n g  

terms a t  a p o i n t ,  

F = the f i s s i o n  s o u r c e  component ( f rom a l l  groups a t  a s p a c e  p o i n t  

c o n t r i b u t i n g  t u  t h e  t o t a l  a t  t h a t  p o i n t ,  a row mat r ix  o p e r a t o r )  , 
x 1 t h e  s o u r c e  d i s t r i b u t i o n  (from t h e  t o t a l  t o  a l l  groups a t  a p o i n t ,  

;I column m a t r i x  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 c o n s t a n t  f o r  any problem e 
t o  b e  de t e rmined .  

To i l l u s t r a t e  how an i t e r a t i v e  p rocedure  i s  -formulated,  l e t  us  p u t  

the t e r m  I)$ on one s i d e  of  t h e  e q u a t i o n ,  Eq. (716-2), and the remaining 

on t h e  o t h e r ,  g i v i n g  

I 
DQ = [J + L f U + S + T -t----XF] 4. 

ke 

I f  a se t  of f l u x e s  i s  a v a i l a b j e  f o r  i t e r a t e  n ,  namely 4 t hen  a n '  
s i m p l e  i t e r a t i v e  scheme i s  e x p r e s s e d  as 

-1 = D  'nt-1 
1 
k [J + L + U + S f T +---  xF] $ I1 

R 

(71.6-3) 

where the i n v e r s e  D - ~  i s  of a d i a g o n a l ,  the r e c i p r o c a l s  of t e r m s  i n  D.  

An estimate of k i s  r e q u i r e d ,  k and a c o n t i n u i n g  i t e r a t i v e  p r o c e s s  

may proceed.  The above w i t h  a l l  p o s i t i v e  e n t r i e s  and (0 > 0 produces 

'n+l 
a s s u r e d .  E q .  (716-3) d o e s  n o t  even admit t h e  use of newly c a l c u l a t e d  

@ values ,  s o  i t  r e p r e s e n t s  a r a t h e r  c rude  p rocedure .  

e n' 

n 
> 0 ;  o n l y  w i t h  4 0 can a un ique  and m o s t  p o s i t i v e  v a l u e  of k b e  

With downward sweep in  energy and s i m p l e  sweeps c a r r y i n g  t h e  s imul-  

t aneous  s o l u t i o n  f o r  rows a c r o s s  t h e  space problem, u s e  o f  newly c a l c u -  

l a t e d  f luxes  c a u s e s  them t o  c o n t r i b u t e  through t h e  m a t r i c e s  J ,  L ,  and S ,  

O r  
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1 
[D - J - L - S ]  $ = [U -t- T + k-- XF] $n ; 

n n + l  

-1 1 
4 n+1 k = [ D - J - L - S ]  [ U + T + - x F ] Q  n n 

( 7 1 6 - 4 )  

I'he i n v e r s e  shown would g e n e r a l l y  b e  i m p r a c t i c a l  t o  o b t a i n .  I t  i s  n o t  

needed ,  however ,  b u t  r a t h e r  i s  a consequence  o f  t h e  p r o c e s s  and t h e  parL 

t i t i o n i n g  o f  t h e  c o u p l i n g  terms e 

O v e r r e l a x a t i o n  i s  used  as d i s c u s s e d  l a t e r  i n  d e t a i l .  The b a s i c  

e q u a t i o n  i s  

d. 

where  X 

i s  t h e  newly c a l c u l a t e d  v 2 l u e  f o r  i t e r a t i v e  sTjeep n ,  6 i s  t h e  ove 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  sweep of  t h e  e q u a i i o n s .  Note Lhat  8 7 1 causcs  t h e  i ievly 

c a l c u l a t e d  v a l u e  t o  b e  u s e d ;  o v e r r e l a x a t i o n  i s  done f o r  1 < 8 2 .  A 

f i x e d  v a l u e  o f  6 may be  u s e d ,  or a d i f f e 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 b e  u s e d  f o r  t h e  s p a c e  problem at e a c h  e n e r g y .  A l s o ,  t h e  v a l u e  o f  

fi u s e d  may b e  i t e r a t i o n  dependen t .  T h i s  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  the o v e r r e l a x a t i o n  p r o c e s s  w i t h  a m a t r i x  B 

c o n t a i n i n g  o n l y  t h e  v a l u e s  o f  3 on t h e  main d i a g o n a l ,  the 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 e r r e l a x a t i o n  changes  E q .  ( 7 1 6 - 4 )  t o  

i s  a coniponent of  4 o b t a i n e d  from i t e r a t i o n  n - 1 ,  X i , h  i ,n-1 n-3 

I ,n  

il 

l 
n k }-' {(I - Rn)D + B [ L  -t- T I- 

n 
@nt.l = {D - Bn[J + Td + S I  

I n n e r  i t e r a t i o n  may b e  done .  Fo r  many 1 - y p e s  o f  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 a d v a n t a g e  t o  r e d u c e  t h e  error  

a s s o c i a t e d  w i t h  t h e  space problcm a t  e a c h  e n e r g y .  Thus ,  several  sweeps 

may b e  rriade o f  t h e  s p a c e  problem a t  each  e n e r g y .  C o n s i d e r i n g  a f i x e d  



number of  i n i i e r  i t e r a t i o n s ,  E q ,  (716-6) becomes 

where  

(7.1 5 - 7 )  

and t r e f e r s  t o  the number of  h n e r  i t e r a t i o n s .  E q .  (716-7) would h a v e  

to 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  5 . t :e ra t ions  i s  d i f f e r e n t  f o r  

t h e  s p a c e  probl.ems a t  e a c h  e n e r g y  or i f  B is 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 ,  
11 

Equa t ion  (7:L6--7) a l s o  a p p l i e s  t o  t h e  direct:  s e a r c h  p rob lem wi.th 

r ea r r angemen t  of t h e  t . e r m s  a r i d  i n c l u s i o n  of  t h e  es t imate  t3 E [:he e i .gsn-  

value of  t h e  s e a r c h  problem.  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  adds  

f u r t h e r  couip lex i ty  n o t  shown. 

New v a l u e s  o f  t h e  f I uxes are obtai ried each i n n e r  i t e r a t i o n  by 

a p p l y i n g  t h e  b a s i c  f i n i t e - d i f  ft3rc.nce neuf run 1 1 ~ 3 1  ancc equations fox the 

v o l ~ ~ r n c  elements. S u b s t i i u t i r J n  o f  t h e  leakage  t e r m s  o f  E q .  ( 7 0 2 - 3 )  i n t o  

E q .  (701-4) y i e l d s  an equation f o r  each p o i n t  equat ing t h e  l o s s  rate 
w i t h  the s o u r c e  ra te  ill t h e  form. 

(716-8)  

Where i r e f e r s  t o  a mesh p o i n t  a l o n g  a row, 

S .  i s  the  suninled f i s s i o n  and s c a t t e r i n g  s o u r c e  pl.us frhe c o n t r i b u t i o n s  

froiii clearest n e i g h b o r  p o i n t s  0 1 1  a d , j a c e n t  r o w s ,  a i s  the loss cons tan t : ,  

and b .  i s  t h e  coupl . ing c o e f f i c i e n t  be tween nearest n e i g h b o r s  al.or1g t h e  

t r e f e r s  t o  i n n e r  i t e r a t i o n ,  

1 

i 

1 

row. 



716-8 

L i n e  r e l a x a t i o n  i n v o l v e s  a f o r w a r d ,  backward s w e e p  t o  s o l v p  t h e  

t r i - d i a g o n a l  m a t r i x  y i e l d i n g  new f l u x  v a l u e s  s i m u l t a n e o i i s l y  f o r  a l l  t h e  

p o i n t s  a l o n g  t h c  row. To s a t - i s f y  t h e  r e c u r s i o n  f o r  t h e  backward sweep 
F 

(716-9)  

r e q u i r e s  a fo rward  sweep  

and a p r e v i o u s l y  done  f o r w a r d  sweep, 

w i t h  t h e  amount o f  d i v i s i o n  minimized ,  
a An a l t e r n a t i v e  p r o c e d u r e  is a t t r a c t i v e  t o  r ed t i r e  t h e  amount o f  

computa t ion  d u r i n g  i t e r a t i o n .  To s o l v e  t h e  s y s t e m  o f  e q u a t i o n s  

A$ = S 

a new se t  o i  o p e r a t o r s  i s  d e s i r e d  s u c h  that. 

T cv vc4 := s . 

The e l e m e n t s  of  these  opera i  o r s  are o b t a i n e d  as f o l l o w s .  L e t  a be  the  

d i a g o n a l  t e r m s  o f  A and b t h e  o f f - d i a g o n a l  t e r m s ,  c o u p l i n g  p o i n t  i w i t h  

i-1. Then,  an  i n i t i a l  c a l c u l a t i o n  i s  done g i v i n g  

i 

i 

I 
~ 

f = a12 1 

, e l e m e n t s  of  C . 1 
i f  c =  

i 
- 
a C u t h i l l ,  E .  I I .  and Varga ,  R .  S . ,  "A Mothod of  Normal ized  Block  I t e r a t i o n , "  
J Asaoc .  Comput. Mach., 6, (1959) .  



716-9 

..... 

The forward-backward sweep e q u a t i o n s  s o l v e d  d u r i n g  i t e r a t i o n  are: 

x = c . s  i i i  

Y l  = Xl 

y i = x  - v  Y i i-1. i.-1 (716-10) 

I t  may be  n o t e d  t h a t  t h e  new v a l u e s  C and V must b e  made a v a i l a b l e ,  
i i 

b u t  t h a t  t h e  o r i g i n a l  e l emen t s  a and b and i n t e r m e d i a t e  v a l u e s  f are. 

n u t  l a t e r  r e q u i r e d .  Th i s  scheme i s  n o t  a p p l i c a b l e  when t h e  d i r e c t  

c r i t i c a l i t y  s e a r c h  p rocedure  i s  used ( u n l e s s  t h e  new v a l u e s  of  a are 

used e a c h  o u t e r  i t e r a t i o n  and t h e  p r e c a l c u l a t i o n  of  C and V i s  rt.done). 

i i i 

i 

The d i r e c t  i n v e r s i o n  scheme r e q u i r e s  t e n  a r i t h m e t i c  o p e r a t i o n s  i n c l u d i n g  

two d i v i s i o n s ,  w h i l e  t h e  mod i f i ed  p rocedure  i n v o l v e s  a t  most s i x  w i t h  no 

d i v i s i o n s  d u r i n g  i t e r a t i o n .  The r e d u c t i o n  i s  a smal le r  frat-tion of  t h e  

Local c a l c u l a t i o n  i n v o l v i n g  o v e r r e l a x a t i o n  and summing t h e  i n d i v i d u a l  

s o u r c e  terms which i n c r e a s e s  as t h e  number of dimensions i s  i n c r c a s e d .  

Fo r  t h e  r e p e a t i n g  boundary c o n d i t i o n ,  l cakage  from one end f e e d s  

back t o  t h e  o t h e r  end ,  and a term must be added t o  E q .  (716-g),  

(716-11) 

where 1 r e f e r s  t o  one o f  t h e  f l u x  v a l u e s .  The unknowns are o b t a i n e d  from 

t h i s  r e c u r s i o n  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 z e r o  v a l u e  o f  X 
i , t  

i n d i c a t e s  t h a t  t h e  a s s o c i a t e d  p o i n t  l i e s  i n  a b l a c k  a b s o r b e r  r e g i o n .  

Clearly the whole p o i n t  of s o l v i n g  f o r  several p o i n t  f l u x e s  s imul-  

t a n e o u s l y  i s  t o  i n v e s t  c a l c u l a t i o n a l  e Cfort  where i t  will a c c e l e r a t e  t h e  

i t e r a t i v e  p r o c e s s .  We seek ways of r e s o l v i n g  more p o i n t s  o r  d i f f e r e n t  

b l o c k s  o f  p o i n t s  which w i l l  a c c e l e r a t e  problems.  
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4 s p e c i a l  s i t u a t i o n  i s  p r e s e n t e d  by r o t a t i o n a l  symmetry boundary  

c o n d i t i o a s :  a p o i n t  on one row c o u p l e s  w i t h  a p o i n t  on a n o t h e r  TOW. 

The newes t  i t e r a t e  v a l u e  o f  t h e  € l u x  i s  used  i n  this c o u p l i n g ,  b u t  h a l f  

of t h e  t i m e  t h i s  i s  a p r e v i o u s  i t e ra t i .m v a l u e .  Thus, t h e  ra te  o f  con- 

v e r g e n c e  migh t  be e x p e c t e d  t o  b e  slower t h a n  w i t h o u t  t h i s  c o u p l i n g .  

Sweep Order  ~- 

By “noi-mal o r d e r i n g “  i s  meant ilhat new f l -ux  v a l u e s  are o b t a i n e d  a t  

e a c h  po i i i t  e a c h  i n n e r  i t e r a t i o n  by a sweep a c r o s s  t h e  s p a c e  mesh a t  one 

e n e r g y .  T h i s  s w e e ~  s ta r t s  on t h e  f i r s t  p l a n e  a t  t h e  f i r s t  L-OW, then t h e  

n e x t  row oil t h e  p l a n e  i s  done ,  aind s o  on a c r o s s  t h e  p l a n e ,  t h e n  t h e  f i r s ?  

row on t h e  second  p l a n e ,  and so on ac . ross  the p l a n e s .  Wich I i n n e r  

i t e r a t i o n s ,  t h e  f l u x  a t  ~ a c h  p o i n t  i.s c a l c u l a t e d  I t i m e s  with I s u c c e s s i v e  

sweeps .  

With ii o r d e r i n g ,  new v a l u e s  a r e  f i r s t  obtai~ned f o r  a l t e r n a t e  p o i n t s  
1 

o r  a l o n g  a l . t e r n a t e  r o w s ,  t h e n  f o r  t h e  o t h e r s .  C o n s i d e r  t h e  two-d imens iona l  

problem w i t h  s i m u l t a n e o u s  s o l u t i o n  f o r  po i -n t  v a l u e s  a l o n g  each row. Looki-ng 

a t  t h e  ends  o f  t h e  rows ,  

. x . x . x . x . x  

t h e  odd ones shown as a d o t  wo1ul.d be  t r ea i r ed  f i r s t  ( i n  any  o r d e r )  a.nd 

t h e n  t h o s e  shown as  an x would b e  t rent :ed.  S p a c i a l  c o u p l i n g  by  the 

f i n i t e - d i - f f e r e n c e  e q u a t i o n s  re la tes  o n l y  nea-ces t n e i g h b o r s ,  s o  t h e r e  

are no d i r e c t  c o u p l i n g s  be tween any . rows o r  be tween x rows.  Thc n e u t r o n  

l e a k a g e  c o n t r i b u t i o n  ( s p a c e  c o u p l i n g )  i s  e a l c u l  aced from bhe n e a r e s t  x 

v a l u e s  when a . p o i n t  is t r e a t e d ;  t h e r e f o r e ,  t h i s  l e a k a g e  c o n t r l b u t i o n  

i-s o b t a i n e d  from t h e  samr? i t e r a t e  n e a r e s t  n e i g h b o r s .  (With ilopmal 

order i .ng,  t h e  a d j a c e n c  p o i n t s  h a v e  v a l u e s  one  i t e r a t i o n  a p a r t  f o r  t h e  

sweep row. ) 

In t h r e e  d i m e n s i o n s ,  w e  1.ook a g a i n  aL the e n d s  o f  the rows and f i n d  

. x . x . x  

X . X . X .  

. x . x . x  

Again w i t h  c o u p l i n g  o n l y  be tween 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  

c o u p l e  and  are  swept  f i r s t  i n  any  o r d e r ,  t h e n  t h e  x p o i n t s .  T h i s  o r d e r i n g  

a p p l i e s  L O  a l l  c o o r d i n a t e  sys t ems  ( :Teated.  
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'The 0 o r d e r  of sweeping the. mesh imposes r a t h e r  severe  d a t a  h a n d l i n g  1 
r e q u i r e m e n t s ,  e s p e c i a l l y  f o r  l a r g e  proble.ms t r e a t e d  ir! an s m a l l  computer 

memory. 'Therefore ,  a p p l i c a t i o n  i s  q u i t e  s e l e c t i v e .  

lnne r I t  era t i o n  and- -~yc~~-e~ .~xa  t i o n  

O v e r r e l a x a t i o a  i s  a s i m p l e  b u t  p o w e r f u l  sc.htiiine f o r  a c c e l e r a t i n g  t i le 

ra te  of convergence 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  i s  not: well  

developed f o r  o p t i m i z i n g  t h e  overall s t r a t e g y  t o  maximize. t:hc rate of 

convergence c f  a aiul t.i.group e i g e n v a l u e  problem. However, t h e  behavior 

o f  the : f ixed s o u r c e  problem i.nvo1v:i.ng t h e  si.niple coupled f i n i t e  d i f f e r e n c e  

e q u a t i o n s ,  t h e  space  problem at one e n e r g y ,  i s  w e l l  known; the : f ! , l l owi  ng 

discussion i.s dirc?cted a t  t h i s  i n n e r  :i.terat:ion proc.ess.  

Consider  c a l c u l ~ a t i o n  of nc?w va lues  of  t h e  f l u x e s  each i n n e r  i - t e r a t i o n  

u s i n g  on ly  t h e  o l d  val.ues. T.f we examine t h e  e i g e n v a l u e s  of t h e  i t e r ; i t . j o n  

m a t r i x ,  t h e r e  i s  the s a m e  number of  them as poi .n t s  or f l u x  v a l u e s  t o  be 

determi-ned, a1.l less  than  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  t h e  

s e n s e  of  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  e s t i m a t e  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 ,  

( 7  1.6- 12) 

Thus, there i s  n c o n t r i b u t i o n  t o  the e r r o r  froiii each e r r o r  v e c ~ 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 L h e  value o f  A a n d  the  
j i , j  

i t e r a t i o n  number. 'i'he values o f  p depend on ly  on the e q u a t i o n  c o n s t a n t s ,  

n o t  on t h e  s o u r c e  v a l u e s .  The values of A depend on t h e  i n i t i d  s t a t e  

of t h e  problem, b o t h  t h e  f i x e d  s o u r c e  values imd the i n i t i a l  f l u x  v a l u e s .  

j 

i , j  

Since p > o as t ~0 , p < 1 . 0 ,  each c o n t r i b u t i o n  t o  the e r r o r  d i e s  

away; tlic s m a l l e r  t h e  v a l u e  of p the morc r a p i d  i ts  c o n t r i b u t i o n  decay?,  
j j 

j '  

A s y m p t o t i c a l l y  as  t -+ on, the c o n t r i b u t i o n  rrom t h e  l a r g e s t  p dominntes .  
j 

E l i m i n a t i n g  t h e  c o n s t a n t  A f r o m  t h e  r e c u r s i o n  e q u a t i o n s  y i e l d s  i n f o r -  

ma t ion  abou t  t h e  asyii iptotic , .  behav io r ,  
i , j  
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- x  i , t  i ,  t-l 
- x  X 

i ,m i , t  - 
X 

X Y - 
i ,a 'i ,t-1 i.,t-l 'i , t - - 2  .-' = x - 

Tha t  i s ,  a s y m p t o t i c a l l y ,  t h e  a b s o l u t e  e r r o r  i s  r educed  by p e a c h  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  t h e  ahsol .u te  e r r o r  t o  t h e  

i t e r a t e  change depends  on the r e c i p r o c a l -  o f  1 . 0  - p .  

Q u i t e  g e n e r a l l y  t h e  more unknowns i n  a g i v e n  problem ( t h e  more s p a c e  

p o i ~ n t s  u s e d ) ,  t h e  l a r g e r  t h e  valiie of  p ,  t h e  s l o w e r  t he  ra te  o f  c o n v e r g e n c e ,  

and t h e  l a r g e r  t h e  rati.0 of t h e  a b s o l u t e  e r r o r  t o  t h e  i t e r a t e  change .  

Use o f  t h e  I .a tes t  v a l u e s  as t h e y  become a v a i l a b l e  i n  a c o n s i s t e n t l y  

o r d e r e d  p r o c e s s  accelerates  t h e  r a t e  of  conve rgence .  The e f f e c t  i s  

s q u a r i n g  t h e  e i g e n v a l u e s  g i v i n g  t h e  a s y m p t o t i c  b e h a v i o r  

- x  
- 'X 

xi ,m i , t - 1  

'i , m  , t  

- x  
i p m  i , t  X 

." x 
'i ,t i , t - L  

- P 2  
1 . 0  - D2- 

- ........ ... ... -. .. . - 

Note t h a t  f o r  p = 0 . 9 ,  p 2  = 0.81., a s i g n i f i c a n t  improvement .  

o f  a b s o l u t e  e r r o r  t:o i t e r a t i v e  change d e c r e a s e s  f rom 9 t o  4 . 3 .  O f  p r i m a r y  

c o n c e r n  h e r e  i s  I I O ~  t h i . s  s i t u a t i o n ,  b u t  r a t h e r  t h a t  where p approaches  u n i t y ,  

h a v i n g  a v a l u e  of  0 .99  o r  even  l a r g e r .  

The r a t i o  

F o r  c e r t a i n  p rob lems ,  t h e  v a l u e  o f  p i s  I .a rger  t h a n  u s u a l ;  one o f  

t h e s e  i s  t h e  s i t - u a t i o i i  i n v o l v i n g  r o t a t i o n a l  symmetry f o r  which  o l d  v a l u e s  

of  t h e  f l . uxes  a l o n g  t h e  coup led  boundary  a r e  used  s i n c e  new ones  arc: riot 

y e t  a v a i l a b l e .  

With o v e r r e l a x a t i o n ,  t h e  i t e r a t e  f l u x  estimates are d r i v e n  i n  t h e  

d i r e c t i o n  o f  t h e  c a l c u l a t e d  change  by  t h e  e q u a t i o n  
A 

) - 2k 

i , t  ?- P t ( ' i , t  ' i,t-l x = x  i , t  
(716-13) 
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:r 
Here X i s  t h e  newly c a l c u l . a t e d  v a l u e  and 6 i s  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 .  Fo r  t h e  f i x e d  s o u r c e  problem, t h e r e  i s  an optimum v a l u e  

of R t ,  g iven  by 

i , t  t 

a 

(716-14) 

The e i g e n v a l u e s  o f  the  o v e r r e l a x a t i o n  p r o c e s s  occur  i n  p a i r s .  Shown i n  

F i g .  (716-1) i s  t h e  dependence o f  t h e  dominat ing e i g e n v a l u e s  of t h e  over- 

r e l a x a t i o n  p r o c e s s  on t h e  v a l u e  of  8 1 < < 2 ,  f o r  t h e  s i t u a t i o n  

where p 2  i s  0 .99 .  

o v e r a l l  e i g e n v a l u e  p rob lem) ,  the o b j e c t i v e  i s  t o  e f f e c t  t h e  minimum 

dominat ing e i g e n v a l u e  of t h e  p r o c e s s .  Th i s  o c c u r s  when t h e  optimum v a l u e  

of B, i s  used.  

r e l a t i v e l y  l a r g e ,  t h e  o t h e r  s m a l l .  

are complex c o n j u g a t e .  The e r r o r  vec . to r s  a s s o c i a t e d  w i t h  t h e s e  e i g e n v a l u e s  

are n o t  i n d e p e n d e n t ,  b u t  have a r a t h e r  compl.icated dependence on t h e  

i t er a t  i o n  numbe r . 

t ’  t 
Cons ide r ing  o n l y  t h i s  f i x e d  s o u r c e  problem (no t  t h e  

F o r  R t  < P o p t ,  t h e  p a i r  of  e i g e n v a l u e s  are r ea l ,  one 

F o r  6, > f i o p t ,  t.he p a i r  of  e i g e n v ,  < I .  I .ues 

The impor t ance  o f  t h e  u s e  o f  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  n e a r  t h e  

optimum i s  e v i d e n t  from F i g .  714-1. I n d e e d ,  i t  i s  p r e f e r a b l e  t h a t  t h e  

v a l u e  used be. t o o  l a r g e  r a t h e r  t h a n  t o o  s m a l l  b e c a u s e  t h e  convergence 

p r o p e r t y  i s  n o t  degraded as much. I t  shou1.d lie n o t e d  t h a t  a s y m p t o t i c a l l y ,  

t h e  a b s o l u t e  e r r o r  r e d u c t i o n  i s  a f a c t o r  of 0 .82  each  i t e r a t i o n  w i t h  

optimum o v e r r e l a x a t i o n  compared w i t h  0 . 9 9  w i t h o u t  o v e r r e l a x a t i o n .  Each 

i t e r a t i o n  done w i t h  optimum o v e r r e l a x a t i o n  i s  t h e  e q u i v a l e n t  o f  20 

i t e r a t i o n s  wi-thout i t .  C l e a r l y ,  t h e  amount of c a l c u l a t i o n  r e q u i r e d  t o  

do o v e r r e l a x a t i o n  r e t u r n s  a l a r g e  d i v i d e n d  j u s t i f y i n g  i t s  u s e ,  and a 

r e a s o n a b l e  amount o f  c a l c u l a t i o n  can b e  j u s t i f i e d  t o  d e t e r m i n e  near 

optimum r e q u i r e m e n t s .  However, a conve rgen t  p r o c e s s  i.s ici.d:i.cated f o r  

l < B < 2 .  

New v a l u e s  can b e  o b t a i n e d  of the f l u x e s  f o r  a b l o c k  of  p o i n t s  

s i m u l t a n e o u s l y .  ‘l%us , when l i n e  r e l a x a t i o n  i s  done as d i s c u s s e d  p r e v i o u s l ~ y ,  

a 

________..___I__ 

S.  P .  F r a n k e l ,  Convergenc.e Ra te s  o f  I t e r a t i v e  Treatnients o f  P a r t i a l  
-- D i f f e r e n t i a l  E q u a t i o n s ,  Math. Tab le s  Othe r  Aid Comp. 4 (1950) .  

__.._.___._I_ --_.I.-.. I__.___ . . 
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t h e s e  v a l u e s  a r e  o v e r r e l a x e d  s i m u l t a n e o u s l y .  

It i s  of i n t e r e s t  t o  compare a s y m p t o t i c  ra tes  o f  convc..r:~;eric::e f o r  a 

r e f e r e n c e  probl-em. F o r  t h e  two-dimensional. s q u a r e  mesh w i t h  even mesh 

p o i n t  s p a c i n g ,  homog:c..neous, and no s i n k  term, the asympt:oi:ic rates o f  

convergence f o r  v a r i o u s  schemes a r e  shown below as dependent :  on t hc  

number o f  mesh p o i . n ~ s  on one s i d e .  

Asymptotic Rate of Convergcnce 
__I_.___ 

Mesh T o i n t s  8 o p t  Use Old Use New P o i n t  L ine  ,. 
Values Values  Over re l ax  Ovei-re] axa 

L O  1.5fiO 0 .041  0.081 0 . 5 8  0.82 

50 1.884 0.0019 0.0038 0.12 0.17 

100 1 . 9 4 0  0.00048 0.OO097 0.062 0.088 
- - _  _ _ _ _  _ I___ - -. _ _  ~ -I- 

During t h e  e a r l y  i t e r a t i - v e  p r o g r e s s  o f  ii p r o ' o l e n ,  l a r g e  changes i n  

the  flux v a l u e s  are a s s o c i a t e d  w i t h  i n i ~ t i - a l .  e r r o r  v e c t o r s  which nay  c a u s e  

E q .  (716-13) t o  produce unacc:epl:ab:le n e g a t i v e  v a l u e s .  We re:;trai.n t h e  

p r o c e s s  by r e . s t r i c t i n g  the r e s u l t  i n  a manner wliich dampens out excessivc? 

d r i v i n g ,  r e q u i r i n g  

..... 

..* f< 
0 . 5  X < x  < x .  $- ' i , t-i 9 (716-15) i , t: i , L  1 , t  

;'r 
i.s the newly c - a l c u l a t c d  v a l u e  and X i t ;  t he  r e s t r a i n e d  over re l  axed 

i , t  i ,t X 

v a l u e .  The n a t u r e  o f  r e s t r a i n e d  o v e r r e l . z x a t i o n  :i.s :;'noun i n  F i g .  ( 7 1 ~ 6 - 2 ) .  

When t h e  i t e r a t i v e  p r o g r e s s  reatr1icl.s a s t a g e  where t ! i c  c a l c u l a t e d  changes 

are silial.1, II(J r e s t r a i - n t  i s  r e q u i r e d ,  ' I 'herefore ,  t h e  rest7 

only d u r i n g  t h e  ea r ly  1i:i s t o r y  when bad ini.t.:i.al. e r r o r  v e c t o r s  dominate 

( > O . O l . ,  see l a t e r  d i s c u s s j . o n ) .  

For- tihose s p e c i a l  s i t u a t i o n s  where negat ive.  f l u x  v a l u e s  are a c c e p t -  

a b l e  and e x p e c t e d ,  t h e  a p p l i c a t i o n  of  E q .  (71.6-15) m u s t  'os preven ted  by 

user o p t i o n .  F u r t h e r ,  i f  n c.i-iarige. i n  s i g n  oc.(:'ux':; w i t h  t h e  new estihaf:e, 

E q .  (71.6-1.3) cause,s e.xtreme d r i v i n g  ~ so t h e  newly cal~culat.(::d -value is  

used r a t h e r  than t h e  overre1.axed val.ue ~ 

The o v e r r e l a x a t i o n  factors may be a d j u s t e d  by applyi.ng the r e c u r s i o n  

.... ~ r e l a t i o n s h i p s  i .nvulving t h e  Chebyshev pol.ynomi rials ~ This  procedure c a i l ~ e s  

l a r g e  va1.ues o f  t h e  overre1axat : ion c o e f f i c i e n t  t o  b e  used in t h e  e a r l y  

aTh i s  scheme is the o n l y  one implemented?  t h e  nunhers  of m e s h  p o i n t s  a long  
each c o o r d i n a t e  are f o r  a f u l l  s l a b ,  dixride by t.wo f o r  I ~ l f  s . lab.  
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h i s t o r y ,  t h e  v a l u e  d e c r e a s i n g  each o u t e r  i t e r a t i o n  approach ing  an 

a s y m p t o t i c  v a l u e .  The o b j e c t i v e  of t h i s  p r o c e d u r e  is t o  d r i v e  o u t  bad 

e r r o r  v e c t o r s .  Expe r i ence  h a s  shown t h a t  h a r d  d r i v i n g  d u r i n g  t h e  e a r l y  

h i s t o r y ,  i n  an o r d e r l y  way, c a u s e s  the estimate o f  the problem e i g e n -  

v a l u e  ( 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  move most r a p i d l y  toward t h e  answer.  

The p r o c e d u r e  c o n s i s t s  o f  a p p l y h g  t h e  f o l l o w i n g  e q u a t i o n s  f o r  t h e  

s p a c e  problem a t  energy group g ,  

1 . 0 ,  t = 1 1 2.0  - , t = Z  
(716-16) 

, t > 2  

In E q .  (716-16) , t  r e f e r s  t o  i n n e r  i t e r a t i o n  w i t h  normal sweeps. With 

cr 

a d j u s t e d  midway through t h e  i n n e r  i t e r a t i o n  p r o c e s s ;  t h i s  i s  t h e  s o - c a l l e d  

c y c l i c  Chebyshev p r o c e d u r e .  

o r d e r i n g ,  t r e f e r s  t o  each sweep  on a l t e r n a t e  p o i n t s ,  s o  Bt(g) i s  1 

a 

Experience has shown l i t t l e  a d v a n t a g e ,  i f  any,  O F  a d j u s t i n g  t h e  coef- 

f i c i e n t s  d u r i n g  i n n e r  i t e r a t i o n  excep t  w i t h  o r d e r e d  s w e e p s ,  and t h e n  

o n l y  when a r e l a t i v e l y  l a r g e  number of i n n e r  i t e r a t i o n s  a re  done. 
1. 

A two-dimensional f i x e d  s o u r c e ,  homogeneous, no sink, u n i f o r m  m e s l i  

problem was s o l v e d  by l i n e  o v c r r e l a x a t i o n  w i t h  optimum c o e f f i c i e n t s ,  and 

t h e  r e d u c t i o n  i n  t h e  a b s o l u t e  e r r o r  was de te rmined  from t h e  known a n a l y t i c a l  

s o l u t i o n .  The number o f  i t e r a t i o n s  r e q u i r e d  t o  r educe  t h e  a b s o l u t e  e r r o r  

t h e  same aiiioiint i n  each  case i s  shown below. 

I t e r a t i on s K e (1 u i r e d  
Scheme / Mesh S i z e  ( P o i n t s )  

40x40 40x80 80x40 80x80 
I ll__l_ 

Normal Orde r ing  61) 86 73  1 2 2  

Normal Orde r ing ,  Chebyshcrv 55 8 7  72  120 

CT Order ing  4 7  6 0  60 95 
CT O r d e r i n g ,  Chebyshev 41 52 53 51 
1 

1 
- 
a 

Hagernan, T,. A.  , "'The L s t i m a t i o n  o f  A c c e l e r a t i o n  Parmcters  f o r  Lhe 
Chebyshev Polynominal and the 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 ," 
USAEC Report  (BAPL) WAR11 1'M-1038, June  1972. 
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The a d v a n t a g e  f rom t h e  (2 o r d e r i n g  i s  c l e a r l y  d e m o n s t r a t e d ;  i t  shows 1. 
t h e  l a r g e s c  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  al.ong t h e  

s h o r t  rows. When t h e  a p p l i c a t i o n  o f  Chebyshev po lynomina l s  was done on 

a c y c l e ,  i t  was found t h a t  t h e  optimum w a s  a many i t e r a t i o n  c y c l e ;  u s e  

of  a s h o r t  c y c l e  showed no a d v a n t a g e  o v e r  n o t  a p p l y i n g  t h e s e  f a c t o r s .  

Thus ,  on1.y when enough i n n e r  i t e r a t i o n s  are done f o r  t h e  o v e r r e l a x a t i o n  

coe.Efi .c ient  t o  r e a c h  t h e  a s y m p t o t i c  v a l u e ,  can  advanilage be  e x p e c t e d  i n  

a p p l y i n g  t h e  Chebyshev po lynomina l~s  d u r i n g  t h e  i n n e r  i t e r a t i o n  proc.,* " S S  I 

When few i n n e r  i t e r a t i o n s  are done ,  a d j u s t m e n t s  are made on o u t e r  

i t e r a t i o n  n ,  

1 . 0 ,  t = I ,  n = 1 

(716-17) 

n > 20; 

Where T r e f e r s  t o  t h e  number of  i n n e r  i t e r a t i o n s .  That  i s ,  t h e  v a l u e s  

are b a s i c a l l y  a d j u s t e d  on o u t e r  i t e r a t i o n .  A p p l i c a t i o n  o f  t h e  p r o c e d u r e  

i s  done o n l y  d u r i n g  t h e  e a r l y  i t e r a t i o n s ,  and i s  d i s c o n t i n u e d  a f t e r  any 

p r o c e d u r e  f o r  a c c e l e r a t i o n  o f  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  i n i t i a t e d .  

A l s o ,  o v e r r e l a x a t i o n  i s  n o t  done t h e  f i r s t  i n n e r  i t e r a t i o n  f o l l o w i n g  

a s y m p t o t i c  a c c e l e r a t i o n  i n  t h i s  mode of  c a l c u l a t i o n .  

When 6 > 3 , t h e  i t e r a t i v e  b e h a v i o r  h a s  a marked d i i f e r e n c e  t h a n  
O P  t 

when 6 B A d i r e c t  measure  of  t h e  b e h a v i o r  i s  obt ia ined from t h e  
X i , t  i t e r a t e  v a l u e s  o f  t h e  maximum r e l a t i v e  f l u x  change .  L e t  a - 

t o p t '  
- 

i - > t  Xi , t - I .  
where  X i s  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 
i , t  

r = max(a ) ,  t i- t 

s = m i n ( a  ) ,  
t i , t  
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o v e r  t h e  s p a c e  problem of  i n t e r e s t .  

i s  de te rmined  from t h i s  i n f o r m a t i o n  w i t h  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  at t h a t  l o c a t i m  i s  r i s i n g  ( p o s i t l v e )  o r  f a l l i n g  ( n e g a t i v e ) ,  

The maximum r e l a t i v e  f l u x  change 

E = Illlax( ( r t  - 1 . 0 ,  S t  - 1 . 0 ) .  (716-18) t 
- x  i , t-1 

r e t a i n i n g  t h e  n e g a t i v e  s i g n  i f  t h e  'i ,t Thus, c = lmaxl 

i t e r a t e  v a l u e  i s  descend ing .  
'i, t-1 - t  

Q u i t e  g e n e r a l l y ,  t h e  p r o c e s s  i s  deemed t o  

be conve rgen t  o n l y  i f  1 < When B t  B o p t ,  t h i s  c r i t e r i o n  may 
b e  s a t i s f i e d  f o r  one o r  even s e v e r a l  i - t e r a t i o n s ,  bu t  w i l l  e v e n t u a l l y  be 

t 

v i o l a t e d .  

A s p e c i a l  c o n d i t i o n  e x i s t s  when t h e  changes :in t h e  f l u x  values are  

s o  small t h a t  t hey  l o s e  s i g n i f i c a n c e .  Tn 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  

1 ~ ~ 1  < 10- loy the  number of  i n n e r  i t e r a t i o n s  is a d j u s t e d  t o  

... ..... 

r educ ing  i t ,  b u t  not t o  less  than  4 .  In t h e  mul.tirow o r  m u l t i p l a n e  mode:; 

of d a t a  h a n d l i n g ,  t h e  number of inner  i . terat : i .ons  may be  a m u l t i p l e  of the 

rows o r  planes s t o r e d ;  in  t h i s  case, the  number of  i n n e r  i t e r a t i o n - s  i s  

arbitrar: i . l .y reduced when [ E  [ < 10-l' by the nulqller of  rows o r  p l a n e s  

stored, do.c\rn t o  a mi.nimum o f  the number of  p l a n e s  stored, 

reduct : ion,  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 , s  jI.ldged to be c o n ~ e . r g e n t  f o r  

pu rposes  o f  a n a l y z i n g  b e h a v i o r ,  

t 
Upon such 

E s t i m a t e s  are made of t h e  domi.nating eigenval.ue o f  tile proces:; from 

the max:imum and minirilum fl.ux r a t i o s  We assume tha t  a s y m p t o t i c a l l y ,  

Given 

- 
xi t-1 X 

i .t - - ..-.I.- - 
i ,  t-1. 'i , t - 2  At x 

=(>.-.-To) - 3 . 0  

t- 1 A t , l  

(71.6-19) 

r , and t-l 

s 
t - J .  9 
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The esti-mate o f  A i s  

( 7  16 - 2 0 )  

which i s  e s s e n t i a l l y  t h e  ave rag?  of  ihe 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 - ,  

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 .  A change  f rom t h i s  c o n d i t i o n  ( o r  t o  i t )  c a u s e s  

t h e  va l i i e  o f  r o r  s t o  swing  abouL u n i t y  r e s u l t i n g  i n  a n e g a t i v e  v a l u e  

f o r  t h e  es t imate  of  X. We assume t h a t  the i t e r a t e  es t imates  a re  moving 

toward  a s o l u t i o n ,  h > 0 ,  and a r b i t r a r i l y  s e t  

In t h e  e v e n t  t h a t  a l l  f l u x  v a l u e s  are f a l l i n g ,  b o t h  r t  and S 
t 

t t 

A t  = max ( A  

i f  e i t h e r  i s  n e g a t i v e .  

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 s  deemed c o n v e r g e n t  and n o t  o v e r - a c c e l e r a t e d  

i f  1 ~ ~ ~ 1  < / ~ ~ _ 1 /  < ( E ~ ~ - ~ I ,  where T r e f e r s  t o  t h e  l a s t  i t e r a t i o n  done e a c h  

o u t e r  i t e r a t i o n .  I f  conve rge i i t ,  an  a s y m p t o t i c  b e h a v i o r  i s  deemed t o  have  

e s t a b l i s h e d  i f  

A;. < 1 . 0  , and L',n 

1 . 0  - x 
0.95 < ..I---___- T 'n  < 1 . 0 5  ' 

T ,n-1 1 . 0  - A 

where  t h e  s u b s c r i p t  T r e f e r s  t o  t h e  l a s t  i n n e r  i t e r a t i o n  f o r  t h a t  o u t e r  

i t e r a t i o n .  I n  t h i s  e v e n t ,  a ncw estimate i s  made o f  t h e  s p e c t r a l  r a d i u s ,  a 

( 7  16- 2 1. ) 

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  r e c a l c u l a t e d  w i t h  E q .  ( 7 1 6 - 4 1 ,  b u t  o n l y  

i f  t h e  a s y m p t o t i c  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 s c u s s e d  l a t e r  

a D .  M.  Young, " l t e r a t i v e  Methods f o r  S o l v i n g  P a r t i a l  D i f f e r e n c e  E q u a t i o n s  
of E l l i p t i c  Type ,'I Harvard  Uii ivers iLy D i s s e r t a t i o n  (1950) .  
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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 a s y m p t o t i c  b e h a v i o r  of t h e  o u t e r  i t e r a t i o n  

h a s  e s t a b l i s h e d ,  and on ly  i f  6 (g )  - 1 . 0  

i s  c o n s t r a i n e d  t o  

and t h e  a d j u s t e d  v a l u e  
T ,n 

( 7  16-22) 

I f  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 s  deemed t o  be non-convergent,  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  a r b i t r a r i l y  dec reased  

@T , n + l  (g) = max p rYnw - 0.05, 1.03 (716-23)  

When @(g) i s  changed, t h e  a s s o c i a t e d  v a l u e  of p ( g )  i s  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 )  i s  d e c r e a s e d ,  t h i s  c o e f f i c i e n t  i s  n o t  

p e r m i t t e d  t o  be  i n c r e a s e d  l a t e r .  Reduct ion i n  B(g) is al lowed 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 ,  b u t  when i n  u se ,  t h e  scheme 

of a p p l y i n g  C'nebyshev polynominals  i s  c o n t i n u e d .  

When t h e  number of  i n n e r  i t e r a t i o n s  done a t  any group i s  less than  4 ,  

t h e  c r i t e r i a  f o r  i n n e r  i t e r a t i o n  convergence are n o t  a p p l i e d .  Ra the r  t h e  

b e h a v i o r  of the o u t e r  i t e r a t i o n  p r o c e s s  i s  examined, and i n f o r m a t i o n  from 

i t  i s  used i n  E q .  (716-21) as d i s c u s s e d  l a t e r ,  

W e  n o t e  t h a t  t h e  optimum 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  f o r  a one-group 

f i x e d  s o u r c e  problem may n o t  b e  t h e  optimum f o r  t h e  mul t ig roup  e i g e n v a l u e  

problem; e x p e r i e n c e  shows t h a t  t h e  l a t t d r  i s  o f t e n  smal le r .  

Outer  I t e r a t i o n  S t r a t e m  _--- I_-- 

Here w e  d i s c u s s  a s ses smen t  of t h e  b e h a v l o r  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  and d e l a y s  imposed on a d j u s t i n g  t h e  pa rame te r s  of t h e  i n d i v i d u a l  

p rocedures .  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  are a v a i l a b l e  

a t  t h e  same t i m e  ( a s  when t h e  Chebyshev p r o c e s s  i s  a p p l i e d ) ,  b e h a v i o r  o f  

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 .  

i ,n X 
L e t  a = 

xi , n - l  i ,n  

i s  one o f  t h e  f l u x  v a l u e s  (component of ) ,  and where X i , n  n 



r = max (a i  1 
n .I. ,n 
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(716-24) 
s = rnin ( a .  ) .  n I ,I1 

E = Imax/ ( r n  - 1.0, sn - I.,o> (716-25) 
n 

The p r o c e s s  i s  deemed t o  b e  conve rgen t  o n l y  i f  / E  1 < / E ~ - ~ / .  

t m  p r o c e d u r c  in use i s  c a u s i n g  e x c e s s i v e  changes  i n  t h e  f l u x  v a l u e s  and 

t h e  p a r a m e t e r s  must  b e  a l t e r e d .  

O t h e r w i s e ,  
n 

Wiien s u c c e e d i n g  o u t e r  i t e r a t e  f l u x  v a l u e s  arc. n o t  r e a d i l y  a v a i l a b l e ,  

t h e  maximum r e l a t i v e  flux change i s  e s t i m a t e d  by a bound, Given ilie v a l u e s  

o f  r and s for t h e  i n n e r  i t e r a t i o n ,  a t  each e n e r g y  g r o u p ,  t h e  e s t i -ma te  i s  
t t 

n 
r = max II r 
n t t= l  

n 
(716-26) 

s = m i l l  r[ s 
n t t = l  

o v e r  t h e  i n d i v i d u a l  e n e r g y  g r o u p s .  Q u i t e  g e n e r a l  7y t h e  v a l u e s  o b t a i n e d  

f rom E q .  (716-26) are w i d e r  bounds t h a n  t h e  v a l u e s  from C q .  ( 7 1 6 - 2 5 ) .  

The domina t ing  e i g e n v a l u e  o f  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  e s t i m a t e d .  

We assume t h a t  

- x  i n  i n-1 
- x  

'i ,n-1  i ,n-2 

x 
i-l ~ ......... ?-- 

Given 

(7 I. h - 2 7 ) 

, and 

The es t imate  o f  this dominant  e i g e n v a l u e  i s  

(716-28) 
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I f  e i t h e r  o f  t h e  two es t imates  of t h i s  e i g e n v a l u e  i s  n e g a t i v e ,  a r b i t r a r i l y  

t h e y  are a l l  se t  e q u a l  t o  t h e  p o s i t i v e  one .  

O t h e r  estimates of 11 have  a lso been  used ,  f o r  example 

- 'i ,n-11 ' i / x i , n  
11 

, and (716-29) 

(716-30) 

I t  i s  nor p r a c t i c a l  t o  o b t a i n  1-1 i n  t h i s  code  which allows t h e  s o u r c e  

and f l u x  v a l u e s  t o  f l o a t  t o  an  a r b i t r a r y  l eve l  making i t  l i k e l y  t h a t  the 

numbers would exceed  machine  r a n g e .  

r e p a r t e d  when e a s i l y  c a l c u l a t e d  w i t h o u t  d a t a  access. 

n , 3  

The v a l u e  1~ i s  now b e i n g  used  and  
n,4 

An i n d e p e n d e n t  estimate i s  made o f  t h e  dominant  e i g e n v a l u e  o f  tile 

o u t e r  i t e r a t i o n  p r o c e s s .  The t o t a l  n e u t r o n  l o s s  ( a b s o r p t i o n  p l u s  leakage) 

i s  c a l c u l a t e d  e a c h  i t e r a t i o n ,  L . The a s y m p t o t i c  e i g e n v a l u e  of  t h e  

i t e r a t i o n  p r o c e s s  i s  e s t i m a t e d  by  
n 

(716-31) 

E q u a t i o n  (716-31) i s ,  u n f o r t u n a t e l y ,  0lll.y r e l i a b l e  when most  of t h e  f l u x  

val .ues  are e i t h e r  r i s i n g  o r  f a l l i n g ,  r e s t r i c t i n g  e f f e c t i v e  u s e .  

When s u c c e s s i v e  o u t e r  i t e r a t i o n  v a l u e s  o f  t h e  f l u x e s  are n o t  r e a d i l y  

a v a i l a b l e ,  t h e  t es t  f o r  a c o n v e r g e n t  p r o c e s s  i s  m o d i f i e d .  

i t  is  deemed n o t  c o n v e r g e n t .  

c o n v e r g e n t  i f  I E  I < 0 . 1  and 

I f  lcnl > / E  I ,  n- 1. 
I f  1cn \  < / E  t h e  p r o c e s s  i s  deemed 17-11 , 

n 
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o r  r e g a r d l e s s  of  t h e  v a l u e  o f  E n '  

< 1 . 0  and e i t h e r  
'n 

1 - u n  
0 . 9  < ~- < 1.1 o r  

I - y  
n 

< 1 . 5  0 . 1  < _I_ 

' n , a  

n 
U Y 

t h e  one  a s s o c i a t e d  w i t h  t h e  maxi~mum r e l - a t i v e  n , l  O r  '' n , 2 '  Where LI i s  p 

flux change ,  

o n l y  one  i n n e r  i t e r a t i . o n  i s  done e a c h  o u t e r  i t e r a t i o n .  

n , a  
T h i s  q u a l i f i c a t i o n  on a c o n v e r g e n t  p r o c e s s  d o e s  n o t  a p p l y  when 

T o g e t h e r ,  t h e  i n d i v i d u a l  p r o c e d u r e s  a c t  i n  a c o m p l i c a t e d  way on t h e  

o v e r a l l  p r o c e s s  which d i s p l a y s  i n t e r a c t i o n  e f f e c t s .  C e r t a i n  d e l a y s  and 

cyc l .es  are i n c o r p o r a t e d  as found d e s i r a b l e  from t h e  b e h a v i o r  of  r e p r e s e n t a t i v e  

tes t  p rob lems .  'These are d i s c u s s e d  h e r e .  With l i n e  r e l a x a t i o n  on rows ,  

for a problem c o n t a i n i n g  R rows and P pl .a i Ies ,  R 3- P - 1 sweeps are r e q u i r e d  

f o r  t h e  most  remote  boundary  c o n d i t i o n  t o  p r o p a g a t e  a c r o s s  t h e  s p a c e  problem.  

T y p i c a l . l y ,  t h e r e  i s  a change  i n  t h e  i t e r a t i v e  b e h a v i o r  when t h i ~ s  number o f  

i n n e r  i t e r a t i o n s  have  been  done .  However, ic has been  found t h a t  t h e  

b e h a v i o r  s h o u l d  b e  assessed e a r l i e r .  

L e t  R = Number of  rows 

P = Number of  p l a n e s  

T = Number o f  i n n e r  i t e r a t i o n s  (iiiinimum) 

a =  

(716-32) 

K = min [ L ,  251 
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M = max [.J + 2 ,  K] 

N = M + l  

where 

J i s  t h e  i n i t i a l  d e l a y  i n  a c c e s s i n g  convergence b e h a v i o r ,  

M i s  t h e  i n i t i a l  d e l a y  i n  a p p l y i n g  e x t r a p o l a t  i o[i a r b i  t . r a r i l y ,  

K i s  t h e  d e l a y  between a r b i t r a r y  e x t r a p o l  a t i o r i s ,  

N i s  t h e  i n i t i a l  d e l a y  on i n i t i a t i o n  o f  t h e  Chebyshev a c c e l e r a t i o n  

p rocedure  . 
Asymptotic e x t r a p o l a t i o n  i s  de l ayed  5 i t e r a t i o n s  whenever any a c t i o n  

i s  t a k e n  which would d i s r u p t  t h e  o u t e r  i t e r n t i - o n  p r o c e s s  p r e v e n t i n g  an 

approach t o  an a s y m p t o t i c  e r r o r  mode. 

of t h e  a c c e l e r a t i o n  p a r a m e t e r s  c a u s e  such  d e l a y .  

E x t r a p o l a t i o n  i t s e l f  o r  ad jus tmen t  

Chebyshev a c c e l e r a t i o n  may be  i.ni.t i a t e d  soone r  t h a n  N above when t h e  

a s y m p t o t i c  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  a r e  s a t i s i f i e d ;  a 

minimum cycle o f  5 i t e r a t i o n s  i s  imposed as d i s c u s s e d  I .a ter  on restart 

o f  t h e  Chebyshev a c c e l e r a c i o n  p r o c e s s ,  ex t ended  by 3 i t e r a t i o n s  from t h a t  

i t e r a t i o n  when any of t h e  o v e r r e l a x a t i o n  cce f  f i c i e n t s  are reduced.  When 

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  a s y m p t o t i c  e x t r a p o l a t i o n  o r  a f t e r  t h e  e s t i m a t e d  

e i g e n v a l u e  spec t rum range  has been d e c r e a s e d ,  s t a r t  of t h e  p r o c e s s  i s  

d e l a y e d  one i t e r a t i o n .  

T e s t i n g  t o  r educe  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  i s  p e r m i t t e d  on ly  

3 i t e r a t i o n s  f o l l o w i n g  res tar t  of  t h e  Chebyshev a c c e l e r a t i - o n  p r o c e s s  o r  

4 i t e r a t i o n s  fol.lowing a s y m p t o t i c  e x t r a p o l a t i o n  when i n n e r  i t e r a t i o n  

b e h a v i o r  i s  examined ( r e q u i r e s  2 4 i n n e 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  t h e s e  e v e n t s  o t h e r w i s e ,  and 5 i t e r a t i o n s  a f t e r  any p r i o r  r e d u c t i o n  

has been done. 

When t h e  minimum number of i n n e r  i t e r a t i o n s  done a t  any group i s  less 

t h a n  4 ,  non-convergence of  t h e  o u t e r  i . t e r a t i o n  proc.ess :is used as c r i t e r i o n  

f o r  r e d u c i n g  t h e  o v e r r e l a x a t i o n  f a c t o r s .  However, i f  t h e  number of i n n e r  

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  p r o c e s s  

i s  deemed c o n v e r g e n t ,  t h a 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  i s  n o t  reduced the 

f i r s t  t i m e  r e d u c t i o n  of t h e s e  c o e f f i c i e n t s  is done based on o u t e r  

i t  e ra t  i o n  b ehavi. o r . 
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The o v e r r e l a x a t i o n  f a c t o r s  a t  g roups  f o r  whi.ch t h e  number of  i n n e r  

i t e r a t i o n s  i s  less t h a n  4 may b e  i n c r e a s e d  when t h e  o t h e r s  are .  However, 

f o r  t h e  o u t e r  i t e r a t i o n  p r o c e s s  (Eq. 716-29) i.s u s e d  i n  p l a c e  of  A 

i n  Eq. (716-21), or t h e  max ( P  11 ) when Chebyshev a c c e l e r a t i o n  i s  done .  
%l t 

n '  %. 
When t h e  minimum number of i n n e r  i t e r a t i - o n s  i s  4 o r  more and  Chebyshev 

a c c e l e r a t i o n  i s  n o t  b e i n g  done and a f t e r  t h e  o u t e r  i t e r a t i o n  coun t  sa t -  

i s f i e s  t h e  set  d e l a y s ,  i f  t h e  o u t e r  i t e r a t i o n  p r o c e s s  is deemed t o  b e  n o t  

c o n v e r g e n t ,  a l l  o f  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  are  a r b i t r a r i l y  r educed  

u s i n g  Eq. (7116-23). T h i s  c a n  o c c u r  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 .  Note t h a t  o n c e  r e d u c e d ,  a n  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 - 1 1  n o t  b e  i n c r e a s e d  l a t e r ,  e x c e p t  i f  t h e y  are  a l l  r educed  s i m u l t a n e o u s l y .  

The c o n t i n u i n g  d i s c u s s i o n  a d d r e s s e s  a c c e l e r a t i o n  o f  t h e  o u t e r  i t e r -  

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

Chebysliev A c c e l e r a t i o n  on Oute r  ] I te ra t ions  __ .................. .......... .................. .- 

We o u t l i n e  h e r e  i n  general .  t h e  p r o c e d u r e  implemented f o r  a c c e l e r a t i n g  

t h e  o u t e r  i t e r a t i o n s  u s i n g  t h e  Chebysiiev po lynomina l s .  Th-i.s p r o c e d u r e  h a s  

been  s e l e c t e d  from i n f o r m a t i o n  a b o u t  e x p e r i e n c e  o f  o t h e r s  i n  a p p l y i n g  

t h e  t e c h n i q u e  w i t h  r a t h e r  d r a s t i c  m o d i f i c a t i o n s  i n t r o d u c e d  b a s e d  o n  o u r  

own e x p e r i e n c e  w i t h  i t e r a t i v e  p r o c e d u r e s .  A number o f  o p t i o n s  are  i n c o r -  

p o r a t e d  t o  f a c i l i t a t e  t e s t i n g .  The a u t o m a t i c  a p p l i c a t i o n  o f  u s e  o f  t h e  

Chebyshev a c c e l e r a t i o n  p r o c e d u r e  i s  made p rob lem-dependen t ;  i t  i s  n o t  

a lways  a u t o m a t i c a l . l y  a p p l i e d ,  b u t  can a lways  b e  appl . ied  a t  t h e  whim o f  

t h e  use;. 

a 

Idhen Cliebyshev 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 i n i t i a t e d )  the e q u a t i o n  

appl - ied  ( p o i n t w i s e )  i s  

and e a c h  o u t e r  i t e r a t i o n  a f t e r  t h i s  o n e ,  

However, i f  1 ~ ~ 1  > 0 . 1 ,  t h e  r e s u l t  i s  cons t r a i . ned  t o  

-. .... 

a K. L .  Wachspress ,  I t e r a t i v e  S o l u t i o n  of  E l L i p t i c  E q u a t i o n s ,  P r e n t i c e - H a l l ,  

I n c . ,  N. J .  ( 1 9 6 6 ) .  
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Here n 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  

p r o c e s s  i s  i n i t i a t e d ,  $[,* i s  the  newly c a l c u l a t e d  f l u x ,  ‘n t h e  a c c e l e r a t P d  

f l u x ,  and f and g are a c c e l e r a t i o n  parameters .  The l a t t e r  a r e  deteriiiiried 

as f o l l o w s .  
n I1 

T h e  Chebyshev pol.ynomina1 r e c u r s i o n  i s  used i n  t h e  form 

T (b)  
n-1 + b - J h 7 - 1  a s n - t r r - . ,  
T (b )  

N o  L e  t h a t  
I1 

where 

( 7  16-35) 

(716-36) 

and ii and ~r are t h e  lower and upper bounds of t h e  e i g e n v a l u e  spectrum, 

r e s p e c t i v e l y .  Given t h e  above r e c u r s i o n ,  t h e  a c c e l e r a t i o n  parameters  are 

determined from 

1 2 

(716-37) 

(716-38) 

(716-39) 
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Consider  t h e  nccc l - e ra t ion  Eq. ( 7 1 6 - 3 4 ) .  The new estimate o f  the  

f l u x  i s  o b t a i n e d  by a p p l y i n g  t h e  i t - e r a t i o n  mat r ix  

Def ine  t h e  e r r o r  E = $, - $ n ,  and since X$m r e t u r n s  $m n 

- E  ) * '11 n-2 E = [(l -t- f ) M - f ] En - n n n 

Consider  that a s y m p t o t i c a l l y  f and g becoriir c o n s t a n t s ,  and assume t h a t  

an e r r o r  v e c t o r  domina te s ,  
n n 

n 
+ $iJ n 

*i. I - ( i  
E =  n , 

i 

and t h a t  t h i s  e r r o r  vector must b c  d r i v e n  by t h e  dominant one  of  t h e  

i t e r a t i o n  mat r ix ,  

Given an es t imate  f o r  p when t h e  Chebysliev p r o c e s s  i s  i n  u s e ,  an estimate 

of t h e  dominant e i g e n v a l u e  of  t h e  i . t e t - a t i o n  m a t r i x  (and hencil the upper 

l i m i t  o €  t:he spectrum of  e i g e n v a l u e s  needed t o  se lect  the  Chebyshev para- 

meters) i s  g iven  by 

We seek t h e  smallest  v a l u e  O E  1-1 f o r  maxiinurn a c c c l e r a t i o n ,  

1-1 A : c [ ( l  + f)h - f + '1 + J [ ( l  + f)A -- E + 8 1 2  - 4g 1 

( 7 1 6 - 4 0 )  

Note t h a t  f o r  f = g = 0, IJ = A as i t  shou ld  w i t h  no a c c e l e r a t i o n .  

The v a l u e s  01 f and g are r e l a t ed  through t h e  polynominal  e q u a t i o n s  

f o r  Chebyshev n c c e l e r a t i o n  by 
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... 
where a i s  t h e  lower l i m i t  o f  t h e  spectrum. Assuming t h a t  X i s  known, 

T h e  l a r g e s t  v a l u e  of can b e  reduced t o  a p o i n t  by i n c r e a s i n g  f ,  b u t  

f u r t h e r  i n c r e a s e  i n  f causes  i t  t o  have an imaginary component. T h i s  

o c c u r s  when 

t h e  smallest  v a l u e  s e l e c t e d ,  and 

(716-41.) 

A s y m p t o t i c a l l y ,  we e x p e c t  optimum Chebyshev a c c e l e r a t i o n  of an  i t e r a t i v e  

p r o c e s s  hav ing  a dominant e i g e n v a l u e  X t o  have  a dominant e i g e n v a l u c  \ A .  

An estimate of p from t h e  b e h a v i o r  of a problem may be  compared w i t h  t h i s  

v a l u e  t o  assess e f f e c t i v e n e s s .  Note t h a t  i f  p w p r e  known and t h e  lower  

l i m i t  were z e r o ,  

I t  i s  of i n t e r e s t  t o  examine t h e  g a i n  i n  thc? r a t e  of P K T O I -  r educ t io r l  

w i t h  Chebyshev a c c e l e r a t i o n  ( a sympto t i c  o p t  iinum) . Values of &I and X are 

compared on the  r o l l o w i n g  page (a = 0 ) .  

t h e o r e t i c a l  g a i n s  are n o t  r e a l i z e d  i n  t y p i c a l  a p p l i c a t i o n ,  p o s s i b l y  d u e  to 

t h e  a c t u a l  d i s t r i b u t i o n  d e n s i t y  of t h e  e i g e n v a l u e s .  

I n  p r a c t i c e  w e  have found t h a t  
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No A c c e l e r a t i o n  Opt i.mum A c c e l e r a t i o n  
(A) (11 1 

0.25 
0 . 5 0  
0 . 7 5  
0 . 8 5  
0.95 
0 . 9 9  

0 . 0 7 1 8  
0 . 1 7 1 6  
0 . 3 3 3 3  
0.4417 
0 .6345 
0.8182 

I f  t h e  b a s i c  i t e r a t i v e  p r o c e s s  r e d u c e s  t h e  abso1ut.e e r r o r  by 5% e a c h  

o u t e r  i t e r a t i o n ,  t h e  Chebyshev p r o c e s s  opt imumal ly  r e d u c e s  t h i s  a b s o l u t e  

e r r o r  36.5% e a c h  o u t e r  i t e r a t i o n  asympt:ot:i c a l l - y ,  an  i .mpress ive  g a i n .  

The au tomated  p r o c e d u r e  f o r  s t a r t i n g  t h e  Chebyshev a c c e l e r a t i o n  

p r o c e s s  c o n s i s t s  o f :  

1. R e q u i r i n g  t h e  o u t e r  i t e r a t i o n  p r o c e s s  be  Convergent ,  

2 .  R e q u i r i n g  t h e  i n n e r  i.tel-at:ion p r o c e s s e s  b e  c o n v e r g e n t  f o r  two 

s u c c e s s i v e  o u t e r  i t e r a t i o n s ,  

3 .  R e q u i r i n g  t h e  maximum number of i n n e r  i t e r a t i o n s  be >, 5 ( o v e r r i d d e n  

by u s e r  o p t i o n ) ,  

4 .  The o u t e r  i t e r a t i o n  coun t  must exceed  t h e  imposed i n i t i a l  d e l a y  

( s e e  E q .  716-31). 

One e x c e p t i o n  t o  3 i s  t h a t  t h e  p r o c e d u r e  i s  a p p l i e d  when a problem h a s  

u p s c a t  t e r i n g .  Another  e x c e p t i o n  i s  t h e  one-dimensi  onal. p roblem f o r  which 

t h e  p r o c e d u r e  i s  a p p l i e d  a u t o a i a t i c a l l y  a f t e r  an  o u t e r  i t e r a t i o n  coun t  o f  

1.0 when t h e  i t e r a t i o n  p r o c e s s  i s  c o n v e r g e n t .  

L i m i t s  f o r  t h e  e i g e n v a l u e  s p e c t r u m  are s e l e c t e d  automatica1.I .y .  

I n i t i a l l y  ul i s  s e t  t o  z e r o  and 

u2 = max [min ( 0 . 9 ,  X), 0.51  

where x = f o r  one -d imens iona l  p rob lems ,  G i s  t h e  number of  e n e r g y  

g roups  o t h e r w i s e  

2.0 - G 
a 

x = max fi (g) ... 1 . 0  
0 

a We e x p e c t  t o  u s e  a n  estimate from t h e  m u l t i g r o u p  e q u a t i o n s  f o r  one  p o i n t  
i n v o l v i n g  w e i g h t i n g  of  t h e  space-dependent  p r o p e r t i e s .  



716-31 

An a t t e m p t  i s  made t o  o b t a i n  a b e t t e r  estimate of t h i s  eigenvalue Erom t h e  

i t e r a t i v e  b e h a v i o r  as d i s c u s s e d  l a t e r .  When non-zero v a l u e s  of t h e s e  

e i g e n v a l u e s  are s u p p l i e d  as i n p u t  d a t a ,  t h e y  are u s e d ,  o v e r r i d i n g  t h e  

above p rocedure .  

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  t h e  p r o c e s s ,  a s e t  minimum d e l a y  i s  

imposed. Then i f  t h e  o u t e r  i t e r a t i o n  b e h a v i o r  does n o t  s a t i s f y  t h e  c r i t e r i a  

f o r  a conve rgen t  p r o c e s s ,  t h e  p rocedure  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 ,  

p2 = min [ 0 . 9 8 ,  lllax (u 2 ,  0.75 l~ 11 9 ( 7 1 6 - 4 2 )  2 , o  2 30 

where u r e f e r s  t o  the v a l u e  i n  c u r r e n t  u s e ,  E q u a t i o n  ( 7 1 6 - 4 2 )  is  

a p p l i e d  a maximum of  t h r e e  t i m e s  (each t i m e  on ly  i f  t h e  b e h a v i o r  does n o t  

s a t i s f y  convergence c r i t e r i a  when t e s t e d )  , 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  b e h a v i o r  i s  s t i l l  n o t  conve rgen t .  The p r o c e s s  w i l l  

l a r e r  b e  r e s t a r t e d  i f  t h e  s i n g ]  e-error-mode e x t r a p o l a t  ion c r i t e r i a  are 

s a t i s f i e d .  Whenever t h e  upper l i m i t  o f  t h e  e i g e n v a l u e  spectrum 11 i s  

reduced,  t h e  o l d  v a l u e  of p i s  saved as an upper  l i m i t  f o r  1-1 g r a d u a l l y  

i n c r e a s e d  t h e r e a f t e r .  

2 30 

2 

2 2' 

The maximum r e l a t i v e  f l u x  change,  E f o r  i t e r a t i o n  m ,  i s  stxved m 
whenever t h e  p rocedure  i s  r c s t a r t e d .  

t h e  p r o c e s s  i s  deemed t o  be  i n e f f e c t i v e ,  Eq. ( 7 1 6 - 4 2 )  is u s e d ,  and t h c  

A f t e r  the s e t  d e l a y ,  i f  IE,I > 1 . 5  ( ~ ~ 1 ,  

p rocedure  r e s t a r t e d ,  b u t  on ly  i f  ( E  n I ' '12 lkn-l I * 

Given a convergent  p r o c e s s  when Chebyshev a c c e l e r a t i o n  i s  i ti u s e ,  

t h e  b e h a v i o r  i s  examined a f t e r  a maximum delay of  15 i t e r a t i o n s ,  o r  i f  

fn / fn - l  < 0.999.  

o l a t i o n  may then be done as d i s c u s s e d  l a t e r ,  and tltcn t h e  p r o c e s s  i s  

always r e s t a r t e d .  A l s o ,  when t h e  a s y m p t o t i c  s ingle-error-mode 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 ,  11, i s  reset  t o  A from E q .  ( 7 1 6 - 4 0 ) .  

E i t h e r  s i n g l e -  o r  double-error-mode a s y m p t o t i c  e x t r a p -  

L 

This  new v a l u e  i s  used and 

'2,n < 

2 ,n-1 

1.0 - 
1.0 - \I 

0.95 < 

t h e  p r o c e s s  r e s t a r t e d  i f  

1 . 0 5  Y 

prov ided  

< 0.99999 2 , o  < P 2 , n  '1 
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B - 1.0 + 1 ~ -  
_.._..__. ____ 2 ' o  , where B = max 11 .4 ,  I n  (2 f fi)] 

B be  l i m i t e d  to p < --- 

where I is  t h e  minimum number o f  inner i t e r a t i o n s  done, e x c e p t  t h a t  B i s  

d e f a u l t e d  t o  2.0 f o r  one-dimensional problems. Restart i s  n o t  done when 

only  a s m a l l  change i n  1-1 O C C I J ~ S ,  

2 

2 

1.0 - 1J- 

1.0 - 11 
0 . 9 9  <-- 2 7 n  < 1.01 

2 ,0 

This  l a s t  test. is n o t  a p p l i e d  when a sympto t i c  e x t r a p o l a t i o n  i s  done c a u s i n g  

r e s t a r t ,  normal1.y a l l o w i n g  LI t o  be a d j u s t e d .  A l s o ,  i f  t h e  t e s t  on 

s u c c e s s i v e  i t e r a t e  est imates  of  f a i l s ,  t hen  t h e  new v a l u e  used i s  
2 

2 ,n 

( 7 1 6 - 4 3 )  

Asymptotic 

Mien t h e  i t e r a t i v e  behav io r  o f  a probleiii i n d i c a t  r s  t h a t  an a s y m p t o t i c  

mode h a s  e s t a b l i s h e d ,  an e x t r a p o l a t i o n  i s  done on s e t s  of t h e  o u t e r  

i t - e r a t i o n  f l u x  v a l u e s  a 

Consider  t h e  o u t e r  i t e r a t i o n  problem i n  tlie form 

(716-44) 

o r  i n  t h e  a l t e r n a t i v e  form 

(716-45) 

Note t h a t  an e r r o r  from t h e  e s t i m a t e d  v a l u e  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  

e n t e r s  t h e  p r ob lem d i r e  c L 1 y . 
This  i t e r a t i v e  p r o c e s s  may b e  e x p r e s s e d  as 

9 (716-46) - 
'n + 1 - Mn'n 

where >I i s  t h e  i t e r a t i o n  m a t r i x .  M depends oil t h e  l a t e s t  estimate o f  

t h e  problem e i g e n v a l u e ,  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 c  u s u a l  t ype  of 

e i g e n v a l u e  problem o r  t h e  e i g e n v a l u e  o f  t h e  d i r e c t  s e a r c h  problem. For 

a p r o c e s s  which converges t o  a s o l u t i o n ,  t h e  l a r g e s t  e i g e n v a l u e  of  M must 

t end  t o  u n i t y ;  t h e  o p e r a t i o n  Mm$m must r e t u r n  $m. 

n n 
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It i s  assumed 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  v e c t o r  can be expanded 

i n t o  a set  o f  l i n e a r l y  independen t  e r r o r  v e c t o r s ,  

( 7 1 6 - 4 7 )  

0 

f u l l y  s m a l l  and d e c r e a s i n g  as n i n c r e a s e s .  The A .  i s  d i a g o n a l ,  a c o n s t a n t  

f o r  each  component of $ a s s o c i a t e d  w i t h  some p r e v i o u s  s t a t e  of t h e  problem),  

and t h e  u R  
t h e  i t e r a t i o n  m a t r i x  M . 

i s  a r e s i d u a l  e r r o r  ( a s s o c i a t e d  w i t h  t h e  e i g e n v a l u e  e s t i m a t e ) ,  hope- 

J 

i , n  

r e p r e s e n t  e i g e n v a l u e s  o f  t h e  e r r o r  v e c t o r s ,  e i g e n v a l u e s  of 
, j  

n 
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  p rocedure  i s  based on one e r r o r  

v e c t o r  domina t ing ,  a s y m p t o t i c a l l y  

n x - x  - - ajV 9 ( 7 1 6 - 4 8 )  i ,m i , n  

where a i s  a c o n s t a n t  and 1-1 t h e  e i g e n v a l u e  of t h e  dominat ing (zrror vector. 

T h i s  r e c u r s  ion r e l a t i o n s h i p  y i e l d s  t h e  e x p r e s s i o n  f o r  t h e  e i g e n v a l u e  
i 

- x  
i ,n i ,n-1 

i , n - l  'i,n-2 

X 

I X 11 = 

and ti le e x t r a p o l a t i o n  e q u a t i o n  

X i ,n - l  1 

( 7 1 6 - 4 9 )  

(716-50) 

where 

A l t e r n a t i v e l y ,  i t r r a t e  v a l u e s  spaced  two i t e r a t i o n s  a p a r t  may be 

used by p r o p e r l y  d e t e r m i n i n g  t h e  e x t r a p o l a t i o n  f a c t o r .  

i s  w r i t t e n ,  w e  use 

A t  t h e  time th is  

1 = x + g ( X .  - x xi ,cw i ,n  I- ,n i ,n-2 7 (716-51) 

where 
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The dependence of  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 .  (716-53) i s  

shown i n  P i g .  (716-3). 

Thus,  t h e  a s y m p t o t i c  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  p rocedure  

uses i n f o r m a t i o n  from t h r e e  succeed ing  o u t e r  i t e r a t i o n  f l u x  v a l u e s  t o  

g i v e  a s i n g l e  f a c t o r  a p p l i e d  t o  t h e  most r e c e n t  fl.ux v a l u e s  and t h o s e  

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  estimates toward 

an appa ren t  s o l u t i o n .  The scheme i s  used t o  e l i m i n a t e  an e r r o r  v e c t o r  

which dominates  a s y m p t o t i c a l l y ,  o r  one ~11 i . ch  dominates  a t  any s t a g e  of  

t h e  c a l c u l a t i o n .  

O f  c r i t i c a l .  importance are (1) d e t e r m i n i n g  when one e r r o r  v e c t o r  

domina te s ,  and ( 2 )  p roduc ing  a good est imate  o f  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 .  

T h e  s i n g l e - e r r o r  mode p r o c e s s  i s  r e s t r a i n e d .  A maximum v a l u e  f o r  

b of  75 i s  used.  U n t i l  I E  I < 0 . 0 1 ,  an imposed r e s t r a i n t  ( p r e v e n t i n g  

n e g a t i v e  f l u x  Val-ues) i s  
n-1 

when t h e  minimum number o f  i n n e r  i t e r a t i o n s  < 4, o r  

A i ,a 

i ,n 
0 . 1  < I_ 10. 

X 

o t h e r w i s e .  

The a s y m p t o t i c  two-error-mode e x t r a p o l a t i o n  p rocedure  p rocedure  i s  

l e s s  c l e a r l y  d e f i n e d .  B a s i c a l l y ,  i t  i s  assumed t h a t  the composi te  e r r o r  

v e c t o r  i s  given by 

- x. ) 
+ q n ( X i , n - l  1 ,n-2 

- x  = b ( X .  - x  i ,a i ,n II 1,n i ,n-I. X 

This  recursi-on r e l a t i o n s h i p  l e a d s  t o  t h e  e q u a t i o n  

( 7  16-5 2 ) 

qn 

'n 
(1 .0  + b -t ---) n (716-53) 
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where 

assumed t h a t  t h e  i n d i v i d u a l  e r r o r  v e c t o r s  c o n t r i b u t e  i n  s u c h  a way t h a t  

thc v a l u e s  of b and q arc n e a r l y  i n d e p e n d e n t  of t h e  o u t e r  i t e r a t i o n  n .  

When s o  i n d e p e n d c n t  , 

i s  d e f i n e d  above .  A t  some s t a g r  i n  t h e  c a l c u l a t i o n ,  i t  i s  n 

n n 

(716-54) 

Note t h a t  a t e s t  f o r  s i g n i f i c a n c e  can  be  made on t h e  denomina to r  of  Llie 

e q u a t i o n  f o r  q . In any e v e n t  n 
€ o r  t h e  s i n g l e - e r r o r  mode. 

= 0 d e f a u l t s  t h e  e q u a t i o n s  t o  t l i o se  
9, 

The: asymptot i -c  two e r r o r  mode e x t r a p o l a t i o n  e q u a t i o n  i s  

= x  + b ( X  - X  + qli('i,n-L - x  i ,n-2 ) , (716-55) xi ,- i ,n n i , n  i , n - 1  

a p p l i e d  t o  e a c h  f l u x  v a l u e .  

t h a t  the e i g e n v a l u e s  o f  t h e  two d o m i n a t i n g  e r r o r  v e c t o r s  may b e  a coinplex 

c o n j u g a t e  s e t .  The r a t h e r  i n d e f i n i t e  s t a t e  o f  the c o n t r i b u t i o n s  f rom t h e  

i n d i v i d u a l  e r r o r  v e c t o r s  which are r e q u i r e d  f o r  t h e  p r o c e d u r e  t o  b e  

e f f e c t i v e  i s  a d i s t i n c t  d i s a d v a n t a g e .  

An a t t r a c t i v e  f e a t u r e  of  t h i s  p r o c e d u r e  i s  

The c r i t e r i a  whtch a r e  used  t o  assess e r r o r  v e c t o r  dominance i n c l u d e  
< 10. t h a t  the o u t e r  i t e r a t i o n  p r o c e s s  be  c o n v e r g e n t 9  / E ~ I  < 1 0 ,  and 

An a s y m p t o t i c  s i n g l e - e r r o r  moth? i s  j u d g e d  t o  have  e s t a b l i s h e d  when 
n,a 
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where  

< 1.. 1 0 ,  ’n 1 1 . 0  - pn 1 . 0  - 

n ,a n 

and 0 . 1  < n,a < 1 . 5  when E q u a t i o n  (716-27) i s  u s e d ,  where p 

and that  e i t h e r  0.75 < i 1 . 2 5 ,  o r  0.90 < 1 .0  - 1’ 1 . 0  - y 
’ 

i s  t h a t  
n , a  ’ I1 

v a l u e  of  1r o r  11 a s s o c i a t e d  w i t h  t h e  maxiIiiuiii r e la t ive  flux change .  n , l  I, ,2 
F i r s t  p r i o r i t y  i s  g i v e n  t o  t h e  d o u b l e - e r r o r  mode p r o c e d u r e ,  a p p l i e d  

when t h e  f o l l o w i n g  c r i t e r i a  are  s a t i s f i e d ,  u s i n g  v a l u e s  from E q ,  (716-541, 
< 0.99999 

” n 

In a d d i t i o n ,  a new v a l u e  f o r  b i s  o b t a i n e d  f rom n 

(716-56) 

and  t h e  e x t r a p o l a t i o n  i s  done o n l y  Lf 

b ’  
0.9 € - < 1.1 

n b 

Then b ’ i s  u s e d  i n s t e a d  oT b . D e f a u l t  i s  t o  the s i n g l e - e r r o r  mode 

p r o c e d u r e ,  a p p l i e d  when  i t s  c r i t e r i a  are s a t i s f i e d .  
n n 
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The saiiie r e s t r a i n t s  are a p p l i e d  t o  t h e  f l u x  v a l u e s  as f o r  t h e  s i n g l e -  

/ > 0.001.. I € n - l  error-mode p r o c e s s ,  b u t  now o n l y  when 

E x t r a p o l a t i o n  i s  alI.owed o n l y  a f t e r  t h e  i n i t i a l  set d e l a y  i n  o u t e r  

i t e r a t i o n  c o u n t ,  and a f t e r  t h e  set  d e l a y  f o l l o w i n g  any inajor  change i n  

t h e  p r o c e s s ,  as when e x t r a p o l a t i o n  i s  done ,  o r  p a r a m e t e r s  are changed as 

d i s c u s s e d  ea r l i e r .  Otherwi-se t h e  procediure i . nvo lves  a c o n t i n u o u s  check  

on t h e  i t e r a t i v e  behavi -or  f o r  c o n d i t i o n s  a l l o w i n g  e x t r a p o l a t i o n .  Upon 

e x t r a p o l a t i o n ,  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  are n o t  p e r m i t t e d  t o  b e  

a d j u s t e d  f o r  t h e  set  d e l a y  o f  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  p r o c e s s  i s  u s e d ,  i t  i s  r e s t a r t e d  whenever  e x t r a p o l a t i o n  i s  

done .  

Superimposed on t h e  above p r o c e d u r e  i.:< an a r b i r r a r y  scheme. A f i x e d  

d e l a y  i n i t i a l l y  (and  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  i s  done)  is imposed,  

see E q ,  ( 7 1 6 - 3 2 ) ,  t h e n  t h e  p r o c e d u r e  i s  f u r t h e r  del-ayed u n t i l  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  conve rgen t  and t h e  i n n e r  i . t e r a t i o n  p r o c e s s e s  are 

conve rgen t  f o r  two s u c c e e d i n g  o u t e r  i t e r a t i o n s .  When t h e  Chehyshev 

a c c e l e r a t i o n  p r o c e s s  i s  t o  b e  done ,  t h e  above  f i x e d  i - n i t i a l  d e l a y  i s  

n o t  imposed ,  a n d  t h e  p r o c e d u r e  i s  a p p l i e d  o n l y  a t  t h a t  s t a g e  of the 

c a l c u l a t i o n  when Chehysliev a c c e l e r a t i o n  i s  i n i t i a t e d ,  c o n v e r g e n t  p r o c e s s e s  

r e q u i r e d .  

Equa t ion  (716-30) i s  a p p l i e d  t o  t h e  s p a c e  problem a t  e a c h  g r o u p ,  as 

we1.1 as t o  t h e  o v e r a l l  probl.em, p r o d u c i n g  es t imates  of  ( g ) .  I f  a l .1~ 

v n ( g )  < 0.99999,  e x t r a p o l a t i o n  i s  done i n  t h e  s inge-er ror -mode  s e n s e ,  

a p p l y i n g  E q .  (71.6-5l), c o n s t r a i n e d  s u c h  t h a t  b < 75. I f  t h e  Chebysiiev 

a c c e l - e r a t i o n  p r o c e d u r e  i s  t o  b e  i n i t i a t e d ,  t h e  new estimate o f  t h e  uppe r  

l i m i t  of  t h e  e i g e n v a l u e  s p e c t r u m ,  u n l e s s  u s e r  s u p p l i e d ,  i s  p 2  = m i n ( 0 . 9 , u n ) .  

A t  t h e  t i m e  t h e  f i r s t  a s y m p t o t i c  e x t r a p o l a t i  o i i  i s  done ,  t h e  number 

n 

of  i n n e r  i t e r a t i o n s  a t  e a c h  group are r e c a l - c u l a t e d  i f  t h e  min-imum i s  

bit. The a d j u s t m e n t s  are made t o  a t t e m p t  t o  g e t  t h e  same e r r o r  r e d u c t i o n  

f o r  e a c h  s p a c e  problem.  C o n s i d e r i n g  t h a t  t h e  r a t e  o f  e r r o r  r educ t i -on  

( a s y m p t o t i c a l l y )  each  i .nner  i t e r a t i o n  i s  a p p r o x i m a t e l y  1-1 ( g )  I t h e  

number o f  i n n e r  i t e r a t i o n s  i s  r e c a l c u l a t e d  f o r  e a c h  group as ( t r u n c a t e d )  
n r ( g ) ’  
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r e s t r a i n e d  t o  

4 < I ( g )  max I n ( g )  n + l  Y 

where  

(716-57) 

arid 1-1 ( g )  i s  d e t e r m i n e d  a t  e a c h  group by  E q .  (716-30). n 
I f  any p n ( 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 ~ l a x a t i o t i  

c o e f i i c i r n t  f o r  t h a t  g roup i s  reduced .  

l t  i s  p o s s i b l e  t o  do s i m u l t a n e o u s  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  Chebysliev a c c e l e r a t i o n  p a r a m e t e r s  t o  

f ' = b + (1 .0 - 11) f n n 

' = (1.0 + b )  gIl -t q 

9 

11 

E x p e r i e n c e  h a s  shown t h a t  e f f e c t i v e  e x t r a p o l a t i o n  i s  po: , s ib le  o n l y  

when the Chebyshev p r o c e s s  i s  u n d e r - a c c e l e r a t e d ,  as e x p e c t e d  t h e o r e t i c a l l y .  

Es t i m a t  i tig t h e  E i g e n v a l u e  
___li I___ 

A f t e r  e a c h  o u t e r  i t e r a t i o n ,  e a c h  f u l l  sweep 01 t h e  mesh p o i n t s ,  t h e  
a e i g e n v a l u e  i s  e s t i m a t e d  f rom an o v e r a l l  n e u t r o n  b a l a n c e .  L f  t h e  p o i n t  

n e u t r o n  b a l a n c e  e q u a t i o n s  are suuuned, t h e  scat t r s i n g  and i n t e r n a l  leakage 

terms c a n c e l  l e a v i n g  only p r o d u c t i o n ,  s u r f a c e  l e a k a g e  and a b s o s p t i o n  

( p l u s  b u c k l i n g  and i n t e r n a l  b l a c k  a b s o r b e r  1 o s s )  t e r m s .  T l i e r e f o r e ,  f o r  

t h e  u s u a l  e i g e n v n l  u e  problem,  

(716-58) 

a Except  as n o t e d  l a t e r .  



716 -40 

where P r e f e r s  t o  t h e  t o t a l  n e u t r o n  p r o d u c t i o n  rate,  and L t o  t h e  
11 n 

n e u t r o n  a b s o r p t i o n  r a t e  p l u s  t h e  s u r f a c e  k a k a g e  ra te ,  each determined 

f o r  o u t e r  i t e r a t i o n  R. This  es t imate  of  t h e  mult i .pl icat i .on f a c t o r  i s  

used t h e  n e x t  o u t e r  i t e r a t i o n  excepli 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  

i s  done. 

I n  t h e  e v e n t  t h a t  t h e  sum of  t h e  d i s t r i b u t i . o n  f u n c t i o n  f o r  s o u r c e  

n e u t r o n s  i s  n o t  u n i t y  f o r  one o r  more zones,  t hen  t h e  t o t a l s  must be  

a p p l i e d  t o  t h e  t o t a l  p roduc t ion  r a t e ,  

(7  16-59) 

C a l c u h t i o n s  of  t h e  losses t o  i n t e r n a l  b l a c k  a b s o r b e r  iregihis,  i n -  

leakage f r o m  a d j a c e n t  r e g i o n s ,  p r e s e n t s  a b i t  of a problem. To avo id  a 

s i g n i f i c a n t  c o s t  i n  computer t i m e ,  t h i s  c o n t r i b u t i o n  t o  t h e  o v e r a l l  

n e u t r o n  b a l a n c e  i s  approximated as a c a l c u l a t i o n  p roceeds ,  which i r ivolves  

use o f  a1.l t h e  l a t e s t  p o i n t  f l-ux v a l u e s  a v a i l a b l e ,  b u t  s o m  p o i n t  f l u x  

v a l u e s  have n o t  y e t  been r e c a l c u l a t e d  f o r  t h e  I.ast i n n e r  i t e r a t i o n .  The 

e f f e c t  o€  t h i s  approx ima t ion  h a s  been found t o  b e  i n s i g n i r 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 ~ i o n  i.s a small p a r t  

of  t h e  t o t a l  neiitron l.osser;. 

Fo r  the a d j o i n t  e i .genvalue problem, t h e  s c a t t e r i n g  terms d o  no% 

cnincel. T h e r e f o r e ,  t h e  o v e r a l l  n e u t r o n  b a l a n c e  equati-on i s  greatly corn- 

p l i c a t e d ,  and i t  would b e  expens ive  i n  computer ti.me t o  a p p l y  an o v e r a l l  

n e u t r o n  bal.an(:e. So when t h e  a s s o c i a t e d  a d j o i n t  problem is  s o l v e d  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  e s t i m a t e  o f  k from the l a t t e r  i s  used .  

When done al.one, t h e  s i m p l e  estimate E t - o m  s o u r c e  r a t i o s  i s  used ,  
e 

(716-60) 

This  f o r m u l a t i o n  i s  a l s o  used when solving t h e  c o n s i s t e n t  P e q u a t i o n s  

and when Chebyshev a c c e l e r a t i o n  i s  be ing  done ( w i t h o u t  c r i t i c a l i t y  search)  

u s i n g  t h e  a c c e l e r a t e d  f l u x  v a l u e s .  

I 
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For  o t h e r  t y p e s  o f  e i g e n v a l u e  p rob lems ,  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  

n e u t r o n  b a l a n c e  y i e l d s  an es t imate  of t h e  e i g e n v a l u e ,  

1 
Ln - k P n  

7 (716-61) 
e A =  ‘’ (bPn - AAn) 

where the new terms APn and AA 

wi  t h  the changes i n t r o d u c e d  th rough  t h e  s e a r c h  parameter. G e n e r a l l y  a 

A of  z e r o  means none of t h e  mater ia l  t o  be  a d j u s t e d  i s  added t o  t h e  sys- 

tem; 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 ed buckl i n g  

t e r m  i s  i n i t i a l l y  i n c l u d e d  i n  t h e  e q u a t i o n  c o n s t a n t s ,  so  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  h meaning no change. 

are p r o d u c t i o n s  and l o s s e s  ‘ a s soc ia t ed  n 

To avo id  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 cliange which i s  less 

t h a n  t h d t  i n d i c a t e d  by Eq. (716-61) i s  i n t r o d u c e d  d u r i n g  t h e  e a r l y  i t e r a -  

t i o n s .  L e t  A* b e  t h e  v a l u e  c a l c u l a t e d  from E q .  (716-60) and h be  the  

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* - A ) ’n-1 + ‘n n-1 A =  n Y (716-62) 

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 i s  dollbled a f t e r  

each t i m e  i t  i s  used u n t i l  i t  exceeds u n i t y ,  a f t e r  wt1ii-h t h e  es t imate  o f  
n 

g iven  by Eq .  (716-61) is  used d i r e c t l y .  In t h e  e v e n t  t h a t  t h e  system has 

a v e r y  low m u l t i p l i c a t i o n  f a c t o r ,  Eq. (716-61) t ends  t o  be  an o v e r e s t i m a t e ;  

t h e r e f o r e ,  i f  kn /k  < 0 . 5 ,  wherc k i s  determined from Eq .  (716--55), t h e  

f a c t o r  C o f  E q .  (716-62) i s  n o t  i n c r e a s e d ,  n o r  i s  i t  i n c r e a s e d  d u r i n g  t h e  

f i r s t  f e w  i t e r a t i o n s  i f  0 . 9 5  .c k / k  < 1.05. Other  t e c h n i q u e s  have been 

u s e d ,  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  i s  q u i t e  i m p o r t a n 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  be  a l lowed ;  t h i s  r e q u i r e s  that 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  early 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  be i n t r o d u c e d .  

e 11 

n 

n e  

S p e c i a l  care must  o f t e n  b e  t aken  when t h e  i t e r a t e  es t imate  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 .  Th i s  causes  a n e g a t i v e  c o n t r i b u -  

t i o n  t o  be 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 agona l  

dominance. Thus, f o r  a s u b c r i t i c a l  sys t em,  one having an a s s o c i a t e d  k 
e 
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c o n s i d e r a b l y  less 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  o f  

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  from t h e  A ( 1 / v )  t e r m  may exceed t h a t  

f rom 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 .  Dur ing  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  Val-ues c o u l d  be  

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  d e t e r m i n e  t h o s e  v a l u c s  o f  

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 wi- thout  t h e  d i f f u s i o n  

c o u p l i n g  terms t o  be  z e r o .  Then t h e  i t e r a t e  es t imate  of A i s  a l lowed  

t o  move only s l o w l y  from m e  v a l u e  t o  t h e  o t h e r ,  and no n e g a t i v e  p o i n t  

flux can be  ob ta i  ned . 

e 

The I n d i r e c t  Sea rch  

Cons ide r  t h a t  t h e  r e s u l t s  are a v a i l a b l e  f o r  two s u c c e e d i n g  p rob lems ,  

name1.y , t h e  mu1~t ip l . i ca t ion  f a c t o r s  a s s o c i a t e d  w i t h  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  tins from t h e  s e a r c h  p a r a m e t e r s .  Then use i ~ s  

made of the f o r m u l a t i o n  

C k  
A = ~ 1 

c2 - k (716-63) 

wherc. C and C, are c o n s t a n t s  t o  e v a l u a t e ,  k 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 ,  

and A i s  t h e  se,Trc'n problem e i g e n v a l u e .  E q i i a t i o n  (716-63)  i s  assumed t o  

f a i l  i f  I C  I > l o 4  as c a l c u l a t e d ,  o r  i f  t h e  e s t i m a t e d  s e a r c h  e i g e n v a l u e  

exceeds  e i t h e r  of t h e  f i r s t  1-570 v a l u e s .  In t h i s  e v e n t ,  a l i n e a r  a p p r o x i -  

ma t ion  i s  used  which g i v e s  t h e  new estimate, 

L 2 

2 

( 7  16-6lt) 

where k i s  t h e  d e s i r e d  v a l u e  o f  ihe m u l t i p l i c a t i o i i  f a c t o r ,  o f t e n  u n i t y ,  

and i r e f e r s  t o  t h e  i n d e x  on the e i g e n v a l u e  problem l o o p .  
e 

A t h i r d  e i g e n v a l u e  problem i s  t h e n  s o l v e d .  Given t h r e e  s ta tes  and 

t h e  a s s o c i a t e d  v a l u e s  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  f o r m u l a i  i CXI 

used is 

Clk 
A = c +--- 

3 C 2 - k  (71 6-65) 
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- 

C2, and C 3  are c o n s t a n t s  t o  e v a l u a t e .  Again s i g n i f i c a n t  r e s u l t s  
1' where C 

are r e q u i r e d ,  o r  E q .  ( 7 1 6 - 6 4 )  i s  used i n  d e f a u l t .  

To a l l o w  o l d  r e s u l t s  t o  be u s e d ,  an e s t i m a t e  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  w i t h  change i n  t h e  s e a r c h  e i g e n v a l u e  

A - % A .  ak  (FF-3-4.) . 
3 ?\ 1. A .  - xi-l ( 7 1.6- 66 ) 

and t h e  l a s t  s i g n i f i c a n t  v a l u e  of t h i s  d e r i v a t i v e  ( c a l c u l a t e d  d u r i n g  t h e  

p r o c e s s  of a n  i n d i r e c t  s e a r c h )  c o u l d  b e  made a v a i l a b l e  i f  a n o t h e r  s e a r c h  

problem of the same t y p e  w e r e  s o l v e d .  

T h e  F ixed  Source Problem 
I__--____- - 

A s p e c i a l  aspect must b e  c o n s i d e r e d  i f  t h e  p rocedure  f o r  s o l v i n g  

f i x e d  s o u r c e  problems i s  t o  be  e f f e c t i v e .  Given a f i x e d  s o u r c e ,  t h e r e  

i s  an a s s o c i a r e d  ne.utron f l u x  level, prov ided  t h e r e  i s  a s o l u t i . o n .  Y'1ii.s 

s o l u t i o n  may be  f a r  away from t h e  c o n d i t i o n s  used t o  i n i t i a l i - z e  t h e  

problem. Q u i t e  g e n e r a l l y ,  t h a t  e r r o r  c o n t r i b u t i o n  which i s  h a r d e s t  t o  

remove i s  a s s o c i a t e d  w i t h  t h e  f l u x  leve l  b e i n g  f a r  from sol.ut.i.on. 

,..... 

To remove t h i s  major e r r o r  c o n t r i b u t i o n ,  t h e  s o u r c e  i.s s c a l e d  d u r i n g  

t h e  i t e r a t i v e  c a l c u l a t i o n .  A f t e r  each o u t e r  i t e r a t i o n ,  an overall n e u t r o n  

b a l a n c e  i s  used t o  e s t ima te  the  r e q u i r e d  l e v e l  of  t h e  f i x e d  s o u r c e ,  

L - Pn n 
I1 = n S 9 

0 

(716-6 7 )  

where P i s  t h e  f i s s i o n  s o u r c e  r a t e ,  L i s  t h e  loss rate, and S i s  t h e  

t o t a l  f i x e d  s o u r c e .  The f a c t o r  11 determined above i s  a m u l t i p l i e r  on 

t h e  t o t a l  s o u r c e ,  

ri n 0 

n 

( 7 1 6 - 6 8 )  

and t h e r e f o r e  on t h e  i n d i v i d u a l  components or i t .  
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Upon comple t ion  of t h e  p rob lem,  t h e  s o l u t i o n  f l u x  v a l u e s  are s c a l e d  

t o  g i v e  t h e  s o l u t i o n  a s s o c i - a t e d  w i t h  t h e  s p e c i f i e d  f i x e d  s o u r c e .  T h i s  

p r o c e d u r e  a p p l i e s  i n  any s i t u a t i o n  where t h e r e  i.s n o  f eedback  i n t o  t h e  

problem. Note t h a t  t h e  p r o c e d m e  a l l o w s  t h e  s o u r c e  t o  go n e g a t i v e  i f  s o  

ca l~cul .a te j .  as n e c e s s a r y .  

n e g a t i v e  s o u r c e  i s  r e q u l r e d  for t h e  s i t u a t i - o n  p r e s e n t e d ,  and t h i s  i s  

g e n e r a l l y  deemed n o t  a c c e p t a b l e .  

T-'he resul t  o f  a c a l ~ c u l a t i o n  may be  t h a t  a 

For  t h e  f i x e d  s o u r c e  a d j o i n t  problem,  L i n  E q .  (716-67) i s  r e p l a c e d  n 
by  a c o n s t a n t  t o  f i x  t h e  t o t a l  s o u r c e  based  on i n i t i a l  c o n d i t i o n s ,  

n (.7 16-6 9 ) 

Outer L t e r a t i o n  ____ A c c e l e r a t i o n  ~ __ E s t i m a t e s  

When a c c e l e r a t i o n  i s  done  ( o n  an  o u t e r  i t e r a t i o n ,  Chebyshev o r  e x t r a p o -  

l a t i . o n ) ,  a ntlw es t imate  i s  o b t a i n e d  of t h e  p rob lem e i g e n v a l u e .  The n e u t r o n  

p r o d u c t i o n  r a t e  and t h e  n e u t r o n  loss r a t e  ( a b s o r p c i o n  p l u s  s u r f a c e  l e a k a g e )  

f o r  t h e  o v e r a l l  n e u t r o n  b a l a n c e  are a c c e l e r a t e d  i n d i v i d u a l l y ,  g i v e n  by t h e  

gei ieral .  form,  

(716-70) 

where f and g are the parameters used  t o  accelerate  the  f l u x  (b and q 

i n  t h e  c a s e  o f  e x t r a p o l  a t i o n ) .  'The a c c e l e r a t e d  v a l u e s  are a r b i t r a r i l y  

l e f t  a( the c a l c u l a t e d  v a l u e s  i f  t h e  a c c e l e r a t i o n  would p roduce  a change  

of  more t h a n  10% i n  t h e  p r o d u c t i o n  r a t e ,  A c c c l e r d t i o n  o f  t-liese quant  i t i P s  

c a u s e s  t h e  c u r r e n t  estimate o f  t h e  e i g e n v a l u e  o f  iiie probleiu t o  be modi f i l ld  

i n  a p p l y i n g  t h e  e q u a t i o n s  d i s c u s s e d  above .  However, a r e s t r a i n t  i s  added 

when Chebyshev a c c e l e r a t i o n  i s  done t o  p r e v c n t  o s c i l l a t i v n  b e h a v i o r .  The 

a c c e l e r a t e d  v a l u e  o f  t h e  e i g e n v a l u e  o f  a p rob lem ( t h e  m u l t i p l i f i c a t i o n  

f a c t o r  o r  t h e  s e a r c h  problem e i g e n v a l u e )  i s  n o t  u sed  i f  i t  does  n o t  r e p r e s e n t  

fo rward  d r i v i n g  from t h e  n e u t r o n  b a l a n c e  v a l u e s  i f  

n n 
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i s  used  and t h e  l a s t  t e r m  i n  Eq. (716-70) i s  e l i m i n a t e d  the next 

i t e r a t i o n .  Once t h i s  i s  done ,  e x t r a p o l a t i o n  i s  n o t  done on k t h e r e a f t e r .  

(The au tomated  p r o c e d u r e  causes k t o  be d e t e r m i n e d  f rom t o t a l  source 

r a t i o s  when Chebyshev a c c e l e r a t i o n  i s  d o n e . )  

k f< 

n 

END OF SECTION 

I ................... . .. . I  ............................. 
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S e c t i o n  71.8: I n i t i a l i z a t i o n  

P r i o r  t o  i t e r a t i o n  on t h e  n e u t r o n i c s  problem, v a l u e s  f o r  the f l u x  

must b e  a s s i g n e d  a t  each p o i n t  i n  space  and energy.  C e r t a i n  parameters  

are r e q u i r e d  f o r  t h e  i t e r a t i o n  procedures .  The  i n i t i a l i z a t i o n  procedures  

are d i s c u s s e d  h e r e .  

Pa e x i s t i n g  s e t  o f  t h e  f l u x  v a l u e s  may b e  a v a i l a b l e  f o r  use .  It  

could  b e  t h e  s o l u t i o n  f o r  a similar problem. S i t u a t i o n s  are known f o r  

which seemingly small changes i n  a system c a u s e  t h e  s o l u t i o n  f o r  a n o t h e r  

problem t o  b e  a poor s t a r t i n g  p o i n t ,  as when c o n t r o l  r o d s  are  r e p o s i t i o n e d  

However, c o n s i d e r a b l e  r e d u c t i o n  i n  computat ion t i m e  is a s s o c i a t e d  wi th  

u s e  of t h e  prev ious  s o l u t i o n  t o  start each problem f o r  d i s c r e t e  s t e p  

d e p l e t i o n  c a l c u l a t i o n s .  The c a p a b i l i t y  i s  i n c o r p o r a t e d  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  v a l u e s  when a f i n e r  meshpoint d e s c r i p t i o n  

is p r e s e n t e d ;  t h i s  expansion from a coarse-mesh r e s u l t  i s  a p p r o p r i a t e  

o n l y  i f  t h e  number of meshpoints  has been i n c r e a s e d  r e g u l a r l y  a l o n g  any 

one c o o r d i n a t e  ( f o r  example, doubled a c r o s s  t h e  board ,  o r  e a c h  t w o  re- 

p laced  by  t h r e e ) .  

To e f f e c t  a r e a s o n a b l e  i n i t i a l i z a t i o n ,  t h e  b a s i c  procedure  s e l e c t e d  

is  use  of  a c o s i n e  f l u x  d i s t r i b u t i o n  a long  each c o o r d i n a t e  d i r e c t i o n ,  arid 

s a t i s f a c t i o n  of t h e  p o i n t  n e u t r o n i c s  problem f o r  the macroscopic c r o s s  

s e c t i o n s  of the zone l o c a t e d  a t  t h e  p o i n t  where t h e  boundary c o n d i t i o n s  

i n d i c a t e  the f l u x  i s  n e a r  maximum, 

( 7 1  8-1) 

where $ ( g , r )  i s  t h e  f l u x  guess  f o r  energy  group g and spa.ce l o c a t i o n  r, 

A(g) i s  determined from 

where T(g) i s  t h e  l o s s  t e r m  f o r  t h e  group i n c l u d i n g  a b u c k l i n g  l o s s  

a s s o c i a t e d  w i t h  B 7  = 0.01; x(g)  is  t h e  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  (i.e., 

a u n i t  source d i s t r i b u t e d ) ,  and S(g )  i s  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 n d i v i d u a l  c o o r d i n a t e  d i r e c -  

t i o n s  by t h e  r e l a t i o n s h i p ,  t y p i c a l l y  

1 

. . . . . . __ 
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Values  oE X and L depend on t h e  boundary condi . t ions f o r  t h a t  s p a c e  

c o o r d i n a t e  as shown on t h e  f o l l o w i n g  page:  
0 

Boundary Cond i t ions  
( l e f t ,  Right) 

R e f l e c t e d ,  Reflected;" (Not used) (Not uscd) 

R e f l e c t e d ,  Extrapolated;?+; w i d t h  0 

E x t r a p o l a t e d ,  R e f l e c t e d  wid th  wid th  

E x t r a p o l a t e d ,  E x t r a p o l a t e d  h a l f - w i d t h  ha l f -wid th  

-._ 
or r e p e a t e d  

non-return o r  z e r o  f l u x  
_1_ *L ,, ,, 

O f  c o u r s e ,  a t  t h e  u s e r ' s  whim, a l l  € l u x  v a l u e s  are i n i t i a l i z e d  a t  a 

c o n s t a n t  o r  a d a t a  f i l e  s u p p l i e d  w i l l  b e  used.  Ii i s  planned t o  implement 

a more s o p h i s t i c a t e d  i n i t i a l i z a t i o n  p rocedure  t o  r e d u c e  t h e  c o s t  of 

s o l v i n g  t h e  l a r g e r  problems. 

The a d j o i n t  f l u x  v a l u e s  are i - n i t i a l i z e d  a t  t h o s e  v a l u e s  a v a i l a b l e  

€ o r  an a s s o c i a t e d  r e g u l a r  problem; p o i n t  v a l u e s  ove r  s p a c e  f o r  a l l  ene rgy  

groups a re  set  e q u a l  t o  t h e  p o i n t  v a l u e s  o v e r  space  f o r  t h e  f i r s t  energy 

group o f  t h e  r e g u l a r  problem. 

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 s  are i n i t i - a l i z e d  a t  val.ues dependent  

on a n  estimate o f  t h e  n e x t - t o - l a r g e s t ,  i n  magnitude,  e i g e n v a l u e  of  t h e  

i t e r a t i o n  m a t r i x ,  p ( g > .  
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(718-4)  

Along each coord ina te  d i r e c t i o n ,  an  " idea l"  e igenvalue i s  determined 

f o r  a uniform mesh homogeneous problem, 

71 = cos  
'j 7 (718-5) 

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 o f  mesh i n t e r -  

v a l s ;  and a depends on t h e  boundary cond i t ions :  1.0 f o r  zero f l u x  o r  

non-return ( ex t r apo la t ed )  boundaries  a s soc ia t ed  with t h i s  coord ina te ,  

2.0 i f  one boundary i s  r e f l e c t e d ,  o r  3.0 i f  both a r e  r e f l e c t e d ,  bu t  h 

i s  then  set max ( A  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 
i 

j 
j' 

For  l i n e  ove r re l axa t ion  a long  the  f i r s t  coord ina te  d i r e c t i o n ,  the 
11 idea l"  e igenvalue i s  es t imated  as  

.J 

C P j  

L J - F 1  
j= 2 = -- 

(718-6) 

where J i s  t h e  number of coord ina tes ,  2 o r  3 .  

dimensional problem wi th  l i n e  r e l a x a t i o n ,  h = 0 ,  t he  optimum overrelaxa-  

t i o n  c o e f f i c i e n t  i s  un i ty ,  and ove r re l axa t ion  i s  no t  done. 

Note t h a t  f o r  t h e  one- 

L 

Based on experience wi th  problems involv ing  from few t o  many energy 

groups,  A i s  a r b i t r a r i l y  reduced as fo l lows .  The number of i nne r  i tera- 

t i o n s  i s  es t imated  a t  
L 
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where A i s  1.5 without; u p s c a t t e r ,  0.8 w i t h  u p s c a t t e r ;  i f  X < 4 ,  i t  i s  set. 

t o  4 w i t h o u t  u p s c a t t e r  o r  one i f  p L 
number of i n n e r  i t e r a t i o n s  i s  s p e c i f i e d  i n  t h e  u s e r  i n p u t ,  t h i s  v a l u e  i s  

used. Then, t h e  e i g e n v a l u e  X i s  a d j u s t e d :  

< 0 .9  o r  w i t h  u p s c a t t e r ,  I f  t h e  

where G i s  t h e  number of groups,  and 

(718-7)  

To a l l o w  f o r  dependence on t h e  re la t ive magnitudes of t h e  l e a k a g e  

c o n s t a n t s  and t h e  t o t a l  l o s s  term i n  t h e  f i n i t e - d i f f e r e n c e  f o r m u l a t i o n ,  

a n  i n t e r n a l  mesh p o i n t  l o c a t i o n  i s  s e l e c t e d  where t h e  product  of t h e  

volume and VC i s  l a r g e s t ,  and t h e  estimate of t h e  e i g e n v a l u e  i s  a d j u s t e d  f 
by 
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where CR,i ( g )  i s  t h e  t o t a l  l o s s  cons t an t  ( t h e  finite-difference-element 

volume t i m e s  t h e  t o t a l  cross s e c t i o n  f o r  o u t s c a t t e r  and abso rp t ion  p l u s  

t h e  buckl ing  l o s s  t e r m ,  mesh p o i n t  i, and Cs,i(g) r e f e r s  t o  t h e  leakage 

cons t an t  a s s o c i a t e d  w i t h  a s u r f a c e  of  t h e  element f o r  t h a t  energy group. 

The e igenvalue  estimates obta ined  from E q .  (718-8) are a r b i t r a r i l y  

ad jus t ed  as fol lows 

a = min p ( g )  0 ’  
b = 1 . 0  -d1.0 - h 

c = max p ( g )  Y 

G Y 

> 

, 

Then only  if a < b,  

(718-9) 

The number of i nne r  i t e r a t i o n s  r equ i r ed  t o  e f f e c t  a p a r t i c u l a r  error 

r educ t ion  i s  e s t ima ted .  Consider t h a t  a number of i nne r  i t e r a t i o n s  has  

been s p e c i f i e d ;  t h i s  number i s  used  f o r  t h e  group m where p(m> i s  a 

maxinium and t h e  number of i t e r a t i o n s  at each of t h e  o t h e r  groups is 

c a l c u l a t e d  (un le s s  t h e  s p e c i f i e d  number is G 4 )  as 

, (718-10) 
L?n[Po(m) - 1.01 

3 0 ,  1 f N I_------- 
9dn[Bo(g) - 1.0)  
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(except  t h a t  a l l  I ( g )  are set  t o  u n i t y  i f  max p(g )  < 0 . 9 ) ,  and used 

u n l e s s  over r idden  by u s e r  o p t i o n .  

v a l u e  used i s  

When a v a l u e  of N i s  n o t  s u p p l i e d ,  t h e  

(718-11) 

where A i s  1.5 w i t h o u t  u p s c a t t e r .  

maximum number of i n n e r  i t e r a t i o n s  f o r  any group i s  4 ,  t h e y  are a l l  set  

t o  u n i t y .  

With u p s c a t t e r  A i s  0.8 and i f  t h e  

I n  t h e  mult i row and m u l t i p l a n e  modes of d a t a  h a n d l i n g ,  t h e r e  i s  a 

maximum number of i n n e r  i t e r a t i o n s  which can b e  done f o r  a given  amount 

of d a t a  t r a n s f e r .  By u s e r  o p t i o n ,  t h e  number of i t e r a t i o n s  done a t  each 

energy i s  a r b i t r a r i l y  rounded up t o  cause  t h e  maximum amount o f  c a l c u l a t i o n  

re la t ive  t o  d a t a  t r a n s f e r ,  b u t  t h i s  i s  n o t  t h e  automated procedure and 

may n o t  b e  s u p e r i o r  t o  t h e  automated procedure.  

I t  is  planned t o  per form i t e r a t i o n s  on a one-dimensional. problem 

s e l e c t e d  from t h e  mesh. The multi-group r e s u l t  can b e  used  f o r  i n i t i a l i -  

z a t i o n  of  t h e  f l u x  and i n n e r  and o u t e r  i t e r a t i o n  i n f o r m a t i o n  developed 

which may improve t h e  s t a r t i n g  p o i n t s  f o r  bo th  p r o c e s s e s  f o r  t h e  whole 

problem t o  b e  s o l v e d .  Evalua t ion  of t h e  p o t e n t i a l  of t h e  Chebyshev pro- 

cess (over  s ingle-error-mode e x t r a p o l a t i o n )  appears  p o s s i b l e .  

END OF SECTION 
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.... 
S e c t i o n  7 2 0 :  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  o b t a i n e d  by an  i t e r a t i v e  p r o c e s s  i s  g e n e r a l . 1 ~  n o t  e n t i r e l y  

conve rged .  It  i s  uneconomica l  t o  s a t i s f y  t i g h t  conve rgence  c r i t e r i a .  

T h e r e f o r e ,  t h e  u s e r  relaxes the 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  wf.l .1 

 still^ c a u s e  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  n e e d s .  U n f o r t u n a t e l y ,  a 

s i m p l e  measure  of t h e  r e l i a b i l j . t y  o f  a s o l u t i o n  i s  n o t  d i r e c t l y  a v a i l a b l e  

f rom t h e  i t e r a t i v e  r e s u l t s .  

however ,  of c r i t i c a l  i m p o r t a n c e .  

A s a t i s f a c t o r y  measu re  o f  r e l i a b i l i t y  i s ,  

I f  the i n n e r  i t e r a t i o n s  were c o n t i n u e d  enough times, t h e  f l u x  4 n+1 
i n  E q .  (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) p r o v i d e d  t h e r e  

were no  u p s c a t t e r :  

The p r o c e s s  c o u l d  now b e  w r i t t e n  as 

(720-1 )  

Under t h i s  c o n d i t i o n ,  bounds on k can  bc? i d e n t i f i e d  and c a l c u l a t e d  as 

s imply  t h e  maximum and minimum r a t i o s  of t h e  s o u r c e ,  components  o f  y, 

between o u t e r  i t e r a t i o n s ,  t i m e s  li . U s e  h a s  been  made o f  t h e s e  bounds ,  

e s p e c i a l l y  i n  t h e  PDQ series of codes .  

t e n d s  t o  b e  wide  a t  low levels  o f  conve rgence ,  and r e l a x a t i o n  o f  t h e  inncbr 

i t e r a t i o n  conve rgence  d e s t r o y s  t h e  p roof  t h a t  t h e  estimates are bounds ,  

Only w i t h  a r e l a t i v e l y  l a r g e  number o f  i n n e r  i t e r a t i o n s  does  o n e  h a v e  

e 

n a U n f o r t u n a t e l y ,  t h e  bounded r a n g e  

- 
C a d w e l l ,  W .  R . ,  WAPD-TM-179 a 
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a s s u r a n c e  that. bounds have been i d e n t i f i e d .  The optimum iiumber 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 ,  c o n s i d e r e d  h e r e  t o  m i n i m i z e  t h e  computa- 

t i o n  c o s t ,  may be  f a r  fewer t h a t  a r e  r e q u i r e d  t o  i n s u r e  t h a t  bounds on 

t h e  e i g e n v a l u e  are e s t ab l . i shed .  Thus,  w e  s e e k  an a l t e r n a t i v e  measure of 

re l i  a b i l i t y .  

The Maximum R e l a t i v e  F lux  Change ___ .. .. --. . 

The i t e r a t i v e  p r o c e s s ,  E q .  (7.16-1), may be descr i -bed as 

( 7 2 0 - 2 )  

where t h e  f l u x  vectoL from o u t e r  i t e r a t i o n  n i s  o p e r a t e d  on by t h e  i t e ra -  

t i o n  m a t r i x  M t o  g e n e r a t e  tlie new e s t i m a t e .  The i t e r a t i o n  m a t r i x  M i s  

i t e r a t i o n  dependent because  i t  c o n t a i n s  t h e  l a t e s t  estimate of k , Bounds 
a 

on t h e  l a r g e s t  e i g e n v a l u e  o r  s p e c t r a l  r a d i u s  of  PI can b e  c a l c u l a t e d .  

Consider  the s e t  of components of t h e  f l u x  v e c t o r  9 t o  be X and t h e  

elemenLs of M t o  b e  a Now c o n s i d e r  t h e  new matr ix  formed of  t h e  e l emen t s  

n 

e 

i '  

i j '  

- 1  
The npw m a t r i x  i s  t h e  r e s u l t  of performing t h e  o p e r a t i o n  P M P ;  t h e r e f o r e ,  

i t  i s  s i m i l a r  t o  t h e  m a t r i x  M and h a s  tlie same e i g e n v a l u e s .  The s p e c t r a l  

r a d i u s  o f  t h i s  new m a t r i x  i s  bound by t h e  maximum and t h e  minimum of sums 

a long  columns o r  rows. I'he sum a l o n g  a row i s  s i m p l y  t h e  r a t i o  of f l u x  

v a l u e s  a t  one p o i n t  between o u t e r  i t e r a l i o n s .  T h e r e f o r e  

( 7 2 0 - 3 )  

Siiice p(M ) must t end  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  p r o c e s s  

i s  convergent  i s  t h a t  
n 

( 7 2 0 - 4 )  

a Due t o  M .  L .  'Tobias,  unpub l i shed  
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where 

- x  
i ,n i ,n - l  

= I max I x------ 
i ,n-1 

X 
E 

(t, ,n  ( 7 2 0 - 5 )  

F u r t h e r ,  P (Mn) i s  bounded by 1 
spondence between bounds on k 

i n  M .  tiowever, a r e a s o n a b l e  estimate o f  t h e  p r o b a b l e  u n c e r t a i n t y  i n  k i s  

I E I .  There i s  n o t  a one t o  one r o r r e -  9 ,n and on p ( M  ) because  of t h e  way k a p p e a r s  
11 n n 

n 

k (I L I E  I) . (720-b)  
n 9 , n  

O c a s s i o n a l l y ,  a r e s u l t  falls o u t s i d e  o f  t h i s  r a n g e ,  so  i.t shou ld  be  i n t e r -  

p r e t e d  as an approximate bound, pe rhaps  two s t a n d a r d  d e v i a t i o n s .  Zn- 

c r e a s i n g  t h e  number of  i n n e r  i t e r a t i o n s  g e n e r a l l y  i n c r e a s e s  t h e  r e l i a b i l i t y  

of t h i s  bound, exc, luding t h e  u p s c a t  t e r i n g  problem. 

a g a i n s t  a s p e c i f i e d  convergence c r i t e r i o n  
,n  

The VENTURE code tes ts  

as t h e  pr imary way an a c c e p t a b l e  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  

p r o c e s s  i s  d i s c o n t i n u e d .  Thus, i f  t h e  e s t i m a t e d  k is d e s i r e d  t o  w i t h i n  

0 , O l  p e r c e n t ,  the c r i t e r i o n  on t h e  convergence of  t h e  p o i n t  f l u x e s  should 

be  0.0001. Q u i t e  g e n e r a l l y  a v a l u e  o f  0.00005 i s  recommended f o r  wide 

u s e ,  a smaller v a l u e  when n e c e s s a r y ,  and a l a r g e r  v a l u e  f o r  s i t u a t i o n s  

where a lower d e g r e e  of convergence i s  a c c e p t a b l e .  

A t  t h e  t i m e  t h i s  is written, it appears t h a t  t h e  p e n a l t y  a s s o c i a t e d  

w i t h  r e a c c e s s  a n d / o r  s t o r i n g  away a copy o f  t h e  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  on cis n e c e s s a r y  t o  de t e rmine  t h e  maximum r e l a t i v e  p o i n t  [ l u x  change 

i s  n o t  j u s t i f i e d .  A s  an a l t e r n a t i v e ,  each r e - e v a l u a t e d  p o i n t  f l u x  may be  

t e s t e d  and t h e  maximum f o r  t h a t  i n n e r  i t e r a t i o n  de te rmined .  T h u s ,  a t  one 

ene rgy  g ,  o u t e r  i t e r a t i o n  n and i n n e r  i t e r a t i o n  m, we c a l c u l a t e  

r = max (xxi’n’m ) , and 
i ,n  , m - 1  g,n,m 

by group g f o r  o u t e r  i t e r a t i o n  n ,  i n n e r  i t e r a t i o n  rn. 
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Then o v e r  t h e  i n n e r  i t e r a t i o n s ,  t a k i n g  

and f i n d i n g  t h e  maximum o v e r  a l l  g ,  

Thus t h e  conve rgence  p r o p e r t y  t e s t e d  by E i s  also t e s t e d  by w . 
E x p e r i e n c e  w i t h  i t s  u s e  i n d i c a t e s  t h a t  l \ q n /  >>  

i t e r a t i v e  h i s t o r y ,  b u t  u s u a l l y  approaches  i t s  v a l u e  by t h a t  s t a g p  of  t h e  

c a l c u l a t i o n  when t h e  conve rgence  l e v e l  is low enough to t e r m i n a t e  t h e  

p r o c e s s .  

Q , n  n 
I d u r i n g  t h e  e a r l y  ' E $  , n  

I t  s h o u l d  b e  n o t e d  i l l a t  t h e  d i s c u s s i o n  above i s  d i r e c t e d  a t  t h e  re- 

l i a b i l i t y  o f  a s o l u t i o n  r e g a r d i n g  t h e  e r r u i  due  t o  l a c k  of  convergence  

of  t h e  i t e r a t i v e  p r o c e s s 9  n o t  t h P  e r r o r  a s s o c i a t e d  w i t h  t h e  f i n i t e -  

d i f f e r e n c e  a p p r o x i m a t i o n s ,  1 1 1 ~  u s e  o f  d i f f u s i o n  t h e o r y ,  o r  t h e  d i s c r e t e  

e n e r g y  group r e p r r s e n t a t i o n .  

T h e  Res idues  Estimate - _  - 

An i n d e p e n d e n t  measure  of  r e l i a b i l i t y  i s  a l s o  a v a i l a b l e  u n l e s s  over- 

r i d d e n  by u s e r .  The v a l u e  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  d e t e r m i n e d  

which  minimizes  t h e  sum of t h e  s q u a r e s  o f  t h e  r e s i d u e s  o f  t h e  p o i n t  

n e u t r o n  b a l a n c e  e q u a t i o n s  cast  i n  t h e  f o L n i  o f  a c t u a l  r e a c t i o i l  ra tes .  The 

r e s i d u e  R i s  d e f i t i e d  as i 

1 

(720-7 )  
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where R i s  t h e  r e s i d u e  which would be  z e r o  i f  t h e  problem w e r e  comple t e ly  

converged,  F .  i s  t h e  a s s o c i a t e d  f i s s i o n  s o u r c e ,  S .  i s  t h e  i n - s c a t t e r i n g  

p l u s  in - l eakage  t e r m ,  and Ti i s  t h e  t o t a l  removal and ou t - l eakage  term. 

Each of t h e  above t e r m s  i s  e v a l u a t e d  w i t h  t h e  s o l u t i o n  f l u x  v e c t o r  com- 

ponen t s .  Summing e q u a t i o n s  and d e t e r m i n i n g  

i 

1 1 

F . ?  
1. 

( 7 2 0 - 8 )  

k = i Fi(Ti - s i )  

i 

Experience has shown t h e  rc>sidues estimate of t h e  m u l t i p l  i c a t i o n  con- 

s t a n 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 s o l v e d  has  dn untami- 

l i a r  i t e r a t i v e  b e h a v i o r .  I f  t h e  r e s i d u e s  estimate d i f f e r s  markedly from 

t h e  v a l u e  used in t h e  i t e r a t i v e  p r o c e s s ,  t h e n  t h e  problem i s  not converged 

The  a n a l y s t  wants  t o  know t h e  b e s t  estimate 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  f o r  5 problem, e s p e c i a l l y  o f  concern when convergence c r i t e r i a  h a s  

been r e l a x e d .  R e s u l t s  from a wide r a n g e  o f  problems i n d i c a t e  t h a t  t h e  

r e s i d u e s  estimate i s  o f t e n  n o t  s u p e r i o r  t o  t h a t  Erom t h e  n e u t r o n  b a l a n c e  

used in t h e  c a l c u l a t i o n .  We s u g g e s t  s imply  a v e r a g i n g  t h e  two v a l u e s .  

I n  some s i t u a t i o n s ,  even t h e  r e s i d u e s  e s t i m a t e  of  k w i l l  not  r e f l e c t  
t? 

l a c k  of  convergence,  one c a s e  b e i n g  t h a t  where o v e r  much o f  t h e  system 

t h e  f l u x  i s  q u i t e  f l , l t .  The p o i n t  n e u t r o n  b a l a n c e  e q u a t i o n s  are  used a t  

each space-energy p o i n t  hav ing  f i s s i o n  s o u r c e  t o  y i e l  d independen t  bounds 

on k 
e 

l 

kb 
-- Fi 4- Si = 'I' 

i 

(720-9)  
F 
i 

Y 

i k b = T  - S  i 
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and maximum and minimum v a l u e s  o f  k are d e t e r r n i i ~ ~ d  as bounds .  U n f o r t u n a t e l y ,  

i n  most s i t u a i i o n s  t h e r e  are  l o c a t i o n s  where t h e  magn i tude  o f  F i s  s m a l l  

r e l a t i v e  t o  S clue e i t h e r  t o  s m a l l  v a l u e s  o f  t h e  macroscop ic  p r o d u c t i o n  

c r o s s  s e c t i o n s  (vL ) o r  a s m a l l  d i s t r i b u t i o n  f a c t o r ,  c a u s i n g  t h e  bound 

estimates t o  b e  u s e l e s s l y  wide .  Fo r  more u s e f u l  es t imates  we r e s t r i c t  

t h e  t e s t  t o  l o c a t i o n s  and ene rgy  g roups  where F i /S  

S i n c e  S .  i s  z e r o  f o r  t h e  f i r s t  e n e r g y  gioup, a l l  of  ~ i h r  f i r s t - g l o u p  e q u a i i o n s  

are c o n s i d e r e d .  A u s e r  must  r e l y  on e x p e r i e n c e  i n  a s s e s s i n g  the  r e s u l t s  

o f  s u c h  tests. 

The A b s o l u t e  E r r o r  

b 

i 

i ’  

f 

> .00001 i f  S i i > 0 .  

1 

The r e s p o n s i b l e  a n a l y s t  must have  some c o n c e r n  f o r  t h e  a b s o l u t e  

e r r o r  possCh1.e i n  a r e p o r t e d  s o l u t i o n  a s s o c i a t e d  w i t h  l a c k  of  conve rgence  

o f  t h e  i t e r a t i v e  p r o c e s s .  C e r t a i n l y  t h e  i t e r a t i v e  change  in any i n t e g r a l  

q u a n t i t y  must b e  s m a l l  i f  t h e  a b s o l u t e  e r r o r  i s  s m a l l .  However, the 

mul. t i p l i c a t i o n  f a c t o r  c a l c u l a t e d  f o r  two s u c c e s s i v e  i t e r a t i o n s  may b e  

n e a r l y  iEic-1 same and y e t  d i f f e r  c o n s i d e r a b l y  f rom a p r o p e r  s o l u t i o n .  

An i n d i c a t i o n  of  t h e  a b s o l u t e  e r r o r  i.s a v a i l a b l e  f rom r e p o r t e d  

estimates of  t i le  e i g e n v a l u e  of  t h e  o v e r a l l  i t e r a t i v e  p r o c e s s  which dom- 

i n a t e s  asy’mpI:otic. See S e c t i o n  716 f o r  f u r t h e r  d i s c u s s i o n .  When i n  

t h i s  a s y m p t o t i c  mode, t h i s  e i g e n v a l u e  1-1 i s  r e l a t e d  t o  t h e  i t e r a t e  p o i n t  

f l u x  val .ues  by 

x - x  n n - l  ,” = ______ ~ - x  xn- l  11-2 
9 

where n r e f e r s  t o  o u t e r  

x - x  

m n--1  

I1 03 

=x- - x 

i t e r a t i o n ,  and 

( 7 2 0- 10) 

(720-11) 

Thus ,  1-1 i s  a d i r e c t  measure  of t h e  a b s o l u t e  e r r o r  r e d u c t i o n  e a c h  

i t e r a t i o n .  F u r t h e r  

(720-12) 
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t h a t  i s ,  an e s t i m a t e  of t h e  r a t i o  o f  t h e  a b s o l u t e  e r r o r  t o  the i t e r a t i v e  

change i s  g iven  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 ,  E 

t h e  a b s o l u t e  e r r o r  i n  t h e  l o c a l  f l u x  i s  
n ’  

(720-  13) 

S ince  t h e  proce.dure o f  c a l c u l . a t i o n  a t t e m p t s  t o  make use o f  t h i s  

i n f o r m a t i o n  and app ly  a s y m p t o t i c  e x t r a p o l a t i - o n ,  r e p o r t e d  v a l u e s  o f  p e a c h  

i t e r a t : i . on  have l i m i t e d  u t i l i t y .  However, a s y m p t o t i c  e x t r a p o l - a t i o n  i s  

o n l y  done when i t  appears t h a t  an a s y m p t o t i c  mode h a s  deve loped .  T h u s ,  

t h e  e s t i m a t e  o f  u 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  interest, 

e s p e c i a l l y  s o  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 a i - c a t e d  by subse- 

quent  v a l u e s  o f  E b e i n g  c o n s i d e r a b l y  smaller t h a n  b e f o r e  e x t r a p o l a t i o n .  

1x1 a p p l y i n g  E q .  

s h o u l d  be used ,  n o t  a smaller  one a s s o c i a t e d  w i t h  t h e  dominat ing e r r o r  

c o n t r i b u t i o n  a t  any s t a g e  of t h e  c a l c u l a t i o n  , n o r  any u n u s u a l l y  l a r g e  

es t imate  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 pr imary c o n t r i b u t i o n  i n  E q .  (720-13)’ as t h e  pr imary u s e r  c o n t r o l  f o r  

t e r m i n a t i o n  o f  t h e  i t t x a t i v e  p r o c e s s .  Tests on t h e  iterate est imates:  of  

t h e  e i g e n v a l u e  o f  t h e  probI.em ( t h e  m u k i p l i c a t i o n  f a c t o r  o r  s e a r c h  prob1.e.m 

eigenval-ue)  are u n r e l i a b l e  at best, e s p e c i a l l y  when a c c e l e r a t i o n  schemes 

a r e  used.  

n 
(720-13) ,  t h e  l a r g e s t  e i g e n v a l u e  of t h e  i t e rn t : i . ve  p r o c e s s  

n ’  

END OF SEC‘TLON 
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S e c t i o n  '7'21: P e r t i x b a i i o n  

Di  sci.issi.on 

.. . 
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Since 
1 1 
k .i 

il (-) = - r 2  d k  , 

If' '>je simply accept. t h a t  E q .  7'21-1- may be miil.tipliet3 tI-.roigh by a ueigWtirig 

factor, namely t h e  a d j o i n t  f l u x ,  d i ,  which will ca:isF: b c t h  $i($f and the f l u x  

s l o p e  i n  the l e a k a g e  terms to  b e  invariant, increasing the accuracy, t h e n  
the r e s u l t  becomes 

i t  ;t 

Al::c, 

icr, cr" L n t e r e - t  m m f 0. Ccrnp?iczt!ins as- f,: 
.: c c i. 3. ti. d .xi tk ria t E 'r 12 1~ i n t  e i-f'a c e o l d e d  ke-re, and 'i't:e 

up and c t h e r  Simensions, ar,d 

tc 1,rt.a; tk-t; t r ans -g rc>JF  s c a t t e r i n g .  

0 r . c ~  'die changes due tt, charlg ir. macro: .ccFic  crcs:; s.c-ct.ictns !lave betc 

ut:terrnined, t k ~ e  effects cf nuc1.i.de d e c s i t y  c%an&ts  may be s b t a i n e d ,  b u t  n o t  

i n  t h e  VENTURE code. Adding contributions gives 
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Since 



7 2 1 - 4  

where X refers  t o  a macroscopic  p r o p e r t y  i n  r e g i o n  m , i  r e f e r s  t o  a s p a c e  

point i n  gecnetric space and g and n ;O encrgy g r o q s .  

It is assumed in this discussion that 

m,n 
S is defi.ned below. i 

X ( m , g )  = 1. 1 
g 

s (n) = i 

4; j,n ] 
1 1 ?-- o L  

s -m 
i j  

materia1 interfaces, or 

(-721-10) 

(721-11) 

-7 

b l a c k  boundary. 
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... ...... 

Here J riifers t o  each of t h e  n ~ n r e s t  n c i g l h o r i n g  mesh po in t s ,  A. is Lhc 

normal leakage a m n ,  and A i s  the d i s t a n c e  from a point to the appropriate 

Int,ei-face 'uet,ween m e s h  points. Cc,  ( n )  is the  int,c?rnal or ex te r r a l .  black 
kowidary constant ,  ( s e e  .sec'ii.on './r32). At, re f lec t - lng  bouiidar.;'.es the-re i s  

zero c o n t r i b u t i o n .  

J 

i 

0 

x = v c,(n) 

Calculatioc of a tc?nipe?-aturci or power c o e f f i c i e n t  of r e a c t i  Vif;y would be 

done 6.i.rectI.y from the  partial d e r i v a t i v e s  c?iscusi;eci ab~vt? us.ing add i t j . ona l  

data, 

( i :  1-13) 
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f c r  t h c  c jnc-gro~p : ; - ' t u r t i o n  treai ,?d above, where i r e p r e s e n t s  a mesh p c i n t  

? c ? a i l o n  knci L k e  c o n t r i b u t i o n  from compcnent, c tc: the macrcscopic  r rcc-c  i, r3 

zecticn i( c;n a u n i t  -V-G~LUTE basis i s  shown tc; be given t h e  flux time:; a d -  

j oi l i t  ' d j p  i g h t i n g .  

Trcmzt Neutron L i f e t i m e  - 
F o r  the est,jmnzte o f  t h e  prompt neut ron  l i f e t i m e ,  t h e  weighting i s  of 

r c c l p r o c a l  neut ron  v e l c c l t y ,  Sq. 721-15 a p P l i e s  

0 -  ____ ............ 

R e s u l t s  Produced  

(721-15) 

Gi-ven fo rward  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  e a c h  macroscop ic  (zone)  c r o s s  s e c t i o n  are c a l c u l a t e d  and r d i t e d ,  

E q s .  721-9 t h r o u g h  721-12  above .  

r e a c c e s s  o f  m i c r o s c o p i c  d a t a  o r  n u c l i d e  c o n c e n t r a t i o n s .  

i n t e g r a l s ,  V . 4 . 0 "  a re  w r i t t e n  on a n  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  u s e .  

and V C  -- C . O n  o p t i o n ,  p o i n t w i s e  i m p o r t a n c e  m a p s  are  e d i t e d  o f  VL f '  'a' 

No c a l c u l a t i o n s  are done  which r e q u i r e  

The b a s i c  z o n e  
.e. 

1 1 i '  

f a 

T o  p roduce  a d d i t i o n a l  i n f o r m a t i o n  a t  t h e  macroscop ic  c r o s s - s e c t i o n  

l c v c l ,  t h e  e f f p c t s  of  r e l a t i v e  changes  i n  t h e  c r o s s  s c c t i o n s  are c a l c u l a t e d ,  

C o n s i d e r  

ak ak (fC) = f E (I) ac  Ak = (721-16) 
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... 

where  t r e p r e s e n t s  a f r a c t i o n a l  change ,  s e t  t o  u n i t y  for t h e  calculat . ions 

(1002 c h a n g e ) .  

p r o d u c t i o n ,  a b s o r p t i o n ,  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  the 

common v a l u e  o f  f u n i t y .  

ene . rgy ,  zone  dependence  ~ summed a v e r  zones t o  yie1.d e n e r g y  dependel ice ,  

summed o v e r  e n e r g y  t o  y i e l d  zone  dependence ,  arid t o t a l s  are g e n e r a t e d .  

‘]’he c o n t r i b u t i o n s  t o  Ak are de termi l led  f o r  n e u t r o n  

These r e s u l t s  xre e d l t e d  by o p t i o n  t o  r e f l e c t  

Additional i n f o r m a t i o n  i s  produced  t o  i n d i c a t e  the e f f e c t  o E 

u n c e r t a i n t i e s  a t  t h e  m a c r o s c o p i c  cross-sec:t:i.on l e v e l .  C o n s i d e r  that. i n  

an  u n c e r t a i n t y  se-iise, 

and a g a i n  f i s  se t  at u n i t y .  The r e s u l t s  are o b t a i n e d  f o r  ind iv idu ,31  

c o n t r i b u t i o n s ,  summed o v e r  zone:;, e n e r g y ,  zones and e n e r g y ,  and i n d i v i d u a l  

componen t s  a d d r d ,  by use r  o p t i o n .  





Conclusion and Glossary 

We expect  t h i s  code b lock  and i t s  documentation t o  improve wi th  

t i m e .  Feed-back of  information from a n a l y s t s  applying t h e  procedures 

t o  genera l  s i t u a t i o n s  and q u i t e  special  problems a l lows  upgrading t h e  

c a p a b i l i t y ;  i t  a l s o  permi ts  t h e  documentation t o  be  improved, removal 

of e r r o r s  and i n c o n s i s t e n c i e s  and expansion of t h e  coverage t o  f u r t h e r  

address  and c l a r i f y  troublesome areas. Keep us pos t ed?  

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  requi re -  

ments found over a pe r iod  of yea r s  a t  OREJL. 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  improve- 

ment which has  been i n  p a r t  a t r ia l -and-er ror  process ,  b u t  also 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 several i n d i v i d u a l s ,  and we p a r t i c u l a r l y  

acknowledge those  of M. L. Tobias. 

h g lossa ry  f o l l o w s  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 epor t .  

... 
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Glossa ry  -. 

I--... Absolute  Convergence. The d i f f e r e n c e  be  tween an e s t i m a t e d  o r  i t e r a t e  

v a l u e  of dependent v a r i a b l e  and i t s  v a l u e  a t  s o l u t i o n  d i v i d e d  by t h e  

l a t t e r ,  g i v i n g  a d i r e c t  e r r o r  measure.  

AcceleraLion.  The i t e r a t e  estimate o f  t h e  f l u x  v a l u e s  are d r i v e n  i n  

some manner toward an a p p a r e n t  s o l u t i o n .  

Ad jo in t  S o l u t i o n .  As opposed t o  t h e  d i - r e c t ,  forward o r  normal s o l u -  

t i ~ o n  of t h e  d i f f e r e n t i a l  e q u a t i o n s  e x p r e s s i n g  a neut:ron b a l a n c e ,  t h e s e  

e q u a t i o n s  are recast i n  t h e  true a d j o i n t  f o r m  a p p r o p r i a t e  t o  p e r t u r b a t i o n  

t h e o r y  ( m a t r i x  e l emen t s  are t r ansposed  abou t  t h e  main d i a g o n a l )  . 

Blunder .  That  which produced an e r r o r ,  more o f t e n  hav ing  human 

source  than  machine.  

Converge-nce ~ C r i t e r i o n .  ____ The s p e c i f i e d  maximum r e l a t i v e  change 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  f e r m i n a t e  an i n t e r a t i v e  p r o c e s s .  

Convergence T,evel (Relat..Lve Convergence ....... __-- Leve l )  . The r e l a t i v e  change 

from one i t e r a t i o n  t o  t h e  nex t  of t h e  i t e r a t e  v a l u e  o f  a dependent v a r i -  

a b l e ,  g e n e r a l l y  the maximum of a s e t  when s e v e r a l  v a r i - a b l e s  are i-nvolved 

such as p o i n t  f l u x ,  i s  termed t h e  convergence l e v e l .  

Convergence - Ra_te P l o t - .  A graph of the l o g a r i t h m  of the convergence 

level- as dependent on i t e r a t i o n  number, which i s  a s y m p t o t i c a l l y  l i n e a r  

f o r  a wide v a r i e t y  of problems as a s o l u t i o n  i s  approached b u t  f l u c t u a t e s  

about  some v a l u e  when f u r t h e r  r e s o l u t i o n  i s  n o t  p o s s i b l e  due t o  l i m i t e d  

s i g n 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 .  

Discrete Formulati%. A d i f f e r e n t i a l  a n d / o r  i n t e g r a l  e q u a t i o n  i n -  

v o l v i n g  con t inuous  f u n c t i o n s  i s  r e c a s t  i n t o  a f i n i t p - d i f  f e r e n c e  r cp resen -  

t a t i o n  by d i s c r e t i z a t i o n  o f  s o m e  O K  all of I h e  independent  v a r i a b l e s .  Thus 

t h e  n e u t r o n  p o p u l a t i o n  is d i v i d e d  i n t o  g roups ,  each a s s o c i a t e d  w i t h  a n  

energy r ange  ove r  which the re  i s  no energy dependence. 
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Direc t  Search. The sea rch  eigenvalue problem is  i t e r a t e d  d i r e c t l y  

toward a des i r ed  s o l u t i o n  without  us ing  the convent ional  approach of 

so lv ing  each of a series 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 of t h e  determinate  of a mat r ix ,  o f t e n  used as t h e  - 

most p o s i t i v e  roo t .  Given a set of N equat ions  f o r  N unknown neutron f l u x  

va lues ,  t h e r e  remains one 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 the eigenvalue of t h e  problem and an 

a d d i t i o n a l  equat ion  must b e  used t o  supply a complete set  of equat ions .  

Ext rapola t ion .  This t e r m  i s  reserved  h e r e i n  t o  mean t h a t  occas iona l ly  

a complete i terate  set o f  f l u x  va lues  are dr iven  to  a new ex t r apo la t ed  set 
f o r  use i n  the  next  i t e r a t i o n ;  d r i v i n g  is  genera l ly  i n  the d i r e c t i o n  of  

t h e  i n d i v i d u a l  changes between the  las t  two i t e r a t i o n s  and is based on 

t h e  i t e r a t i v e  behavior  over t h ree  o r  more previous i t e r a t i o n s .  

F i s s ion  Source D i s t r i b u t i o n  Function. In  the  d i s c r e t e ,  multi-energy- 

group r ep resen ta t ion ,  neutrons produced from the  f i s s i o n  r e a c t i o n s  a t  one 

geometric location are summed and the  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 o n  func t ion .  

Flux. Neutron €lux is neutron d e n s i t y  t i m e s  speed. Since f l u x  t i m e s  

c ros s  s e c t i o n  gives  r eac t ion  rate, f l u x  is t o t a l  t r a c k  l eng th  pe r  u n i t  

volume. 

Foot-Draggers Disease. This express ion  i s  reserved f o r  t h e  s i t u a t i o n  

where e i t h e r  a poor arrangment oE the  terns i n  equat ions  o r  t h e  ordered 

sweep of t h e  equat ions  causes 510W rate of convergence (per Tobias) .  

Inne r - I t e r a t ion ,  Several sweeps are made of only p a r t  of t h e  whole 

problem, genera l ly  over geometric space at: one energy; t h e  process  is 

continued u n t i l  a se t  numbzr of i n n e r - i t e r a r 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 t i m e  t he  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 .  Only a f t e r  a complete 
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sweep h a s  been made o f  a l l  t h e  space-energy mesh p o i n t s  is an o u t e r -  

i t e r a t i o n  completed and a new estimate made of t h e  e i g e n v a l u e  of  t h e  

problem f o r  use  i n  t h e  next  sweep. 

Line Relaxa t ion .  The e q u a t i o n s  f o r  t h e  f l u x  v a l u e s  a l o n g  a row of 
-x_-.- 

p o i n t s  a t  one energy are s o l v e d  s i m u l t a n e o u s l y  ( a  forward-backward sweep 

t o  s o l v e  a t r i - d i a g o n a l  m a t r i x  w i t h  s imple  c o u p l i n g ) ;  s o u r c e  t e r m s  are 

h e l d  f i x e d  as are f l u x  v a l u e s  a l o n g  a d j a c e n t  rows. 

Material. A material i s  cons idered  t o  b e  homoge-neous and have 

n u c l e a r  p r o p e r t i e s  which are proport ional .  t o  i n d i v i d u a l  n u c l i d e  den- 

siti.es and a d d i t i v e  i n  t h e  u s u a l  s e n s e .  S e e  Zone. ____ 

O u t e r - I t e r a t i o n .  A complete sweep of t h e  mesh p o i n t s ;  t h a t  is, t h e  

e q u a t i o n s  f o r  each unknown f l u x  v a l u e  have been s o l v e d ,  i n d i v i - d u a l l y ,  a t  

least  once (more than once w i t h  i n n e r - i  t e r a t i o n )  . 

O v e r r e l a x a t i o n .  ._-_____ The newly c a l c u l a t e d  v a l u e  o f  each dependent 

v a r i a b l e  is d r i v e n  i n  t h e  d i r e c t i o n  oE t h e  change between i t e r a t i o n s  io  

accelerate t h e  i t e r a t ive  p r o c e s s ,  and t h e s e  o v e r r e l a x e d ,  i t e r a t e  v a l u e s  

of t h e  f l u x  are used a t  l a t e s t  v a l u e s  d u r i n g  an inl ier-  o r  o u t e r - i t e r a t i o n .  

Predominant E r r o r  Mode. C o n t r i b u t i o n s  t o  t h e  e r r o r  i n  i t e r a t e  f l u x  

estimate are dominated by one o r  two e r r o r  v e c t o r s ,  u s u a l l y  those  having  

t h e  l a r g e s t  e i g e n v a l u e s .  C o n t r i b u t i o n s  from t h e  o t h e r s  have decayed 

and t h e r e f o r e  have b u t  l i t t l e  i n f l u e n c e  on t h e  changes i n  p o i n t  I l u x  

v a l u e s  wit.11 i t e r a t i o n ;  they tend  t o  move i n  a s i n g l e  [node. 

Product ion  Cross S e c t i o n .  This  i s  used t o  mean t h e  product  of Lhe 

c r o s s  s e c t i o n  f o r  f i s s i o n  and t h e  number of  neut rons  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 o r  a microscopi-c s e n s e ,  ? . E . ,  

2, c = v ( E , ) .  € 
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Rate of Convergence. A measure of t h e  ra te  of approach t o  a solu- 

t i o n :  o f t e n  t h e  r e c i p r o c a l  of t h e  number of i t e r a t i o n s  (computer mesh 

sweeps) r e q u i r e d  t o  reduce  t h e  re la t ive  f l u x  change by a f a c t o r  of e 

o r  t o  reduce t h e  a b s o l u t e  e r r o r  by a f a c t o r  of e. 

Region. A volume c o n t a i n i n g  mesh p o i n t s  which are l o c a t e d  a t  t h e  

geometr ic  c e n t r o i d s  of f i n i t e - d i f f e r e n c e  volume e lements  of e q u a l  volume. 

Removal Cross  S e c t i o n  ( I t ) .  This  i s  used as t h e  sun1 o f  a l l  c r o s s  

s e c t i o n s  f o r  removal o f  n e u t r o n s  from t h e  energy  of  i n t e r e s t  i n c l u d i n g  

a b s o r p t i o n  (sink) and o u t  -of -energy scatter . 
I__- 

Residue.  The e q u a t i o n  used f o r  s o l u t i o n  of an unknown ( p o i n t  n e u t r o n  

b a l a n c e )  i s  r e a r r a n g e d  w i t h  a l l  terms on one s i d e  and t h e  r e s u l t  o b t a i n e d  

by use of c u r r e n t  i t e r a t e  estimates of t h e  unknowns i s  c a l l e d  h e r e  t h e  

r e s i d u e  of t h e  e q u a t i o n  f o r  t h e  i t e r a t e  s e t .  Weighting i s  a r b i t r a r i l y  

on t r u e  v o l u m e t r i c  r e a c t i o n s .  

S lab  Geometry. T h i s  r e f e r s  t o  t h e  C a r t e s i a n  c o o r d i n a t e  sys tem w i t h  

o r t h o g o n a l  axes (one-dimensional s l a b  geometry h a s  symmetry i n  two dimen- 

s i o n s  as would b e  t h e  s i t u a t i o n  if c o n d i t i o n s  were uniform o v e r  a l l  space  

i n  t h e s e  d imens ions) .  

T i m e ,  Machine. The machine t i m e  r e p o r t e d  t o  r e s o l v e  a problem by 

i t e r a t i o n  i s  t h e  t o t a l  t i m e  r e q u i r e d  f o r  t h e  c a l c u l a t i o n  b u t  g e n e r a l l y  

exc ludes  t h a t  f o r  a u x i l i a r y  o p e r a t i o n s  of r e a d i n g  d a t a ,  se t t  i n g  up t h e  

problems,  and p r o c e s s i n g  r e s u l t s .  Both t h e  amount o f  t i m e  t h e  c e n t r a l  

p r o c e s s e r  i s  a c t i v e  and t h e  t o t a l  ( c l o c k )  time are measured. 

__ Zone. - A volume, c o n s i s t i n g  o f  one o r  more Regions,  w i t h J n  which 

macroscopic n u c l e a r  p r o p e r t i e s  a r e  c o n s t a n t .  A zone may c o n t a i n  material 

(have n u c l i d e  c o n c e n t r a t i o n s )  and a d d i t i o n a l l y  c o n t a i n  one o r  more sub- 

zones of material having  s p e c i f i e d  volumes (each having nuc l ide  concen- 

t r a t i o n s )  . 
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Appendix A: C R O S S - S E C T I O N  P R O C E S S O R  CODE BLOCK 

P r e s e n t e d  h e r e i n  is  p r imary  documentat ion of a code b l o c k  des igned  

t o  p r o c e s s  mic roscop ic  c r o s s - s e c t i o n  da ta .  For example,  i t  w i l l  conve r t  

a nuc l ide -o rde red  ISOTXS f i l e  t o  a group-ordered GIiUPXS f i l e  as would 

u s u a l l y  b e  required be fo rc  the VENTURE n e u t r o n l c s  code cou ld  be used.  

L o c a l l y  we c a l l  this code b l o c k  CasSandraPiC. 

cove red  : 

The f o l l o w i n g  i t e m s  are -- - __ __ 

A l .  Code Block Speci..f icati-oris 

A2. Tasks Pe-rformed and Order of Performance 

A 3 .  C o m p u t e r  Requirements 

A4. Use of Log ica l  Ih ta  S t o r a g e  U n i t s  and I n t e r f a c e  Files 

A 5 .  Code S t r u c t u r e  and S u b r o u t i n e  Refe renc ing  

A6.  F i l e  S p e c i f i c a t i o n s ,  VERSION-11 1: f o r  c r o s s  s e c t i o n s  

exc lud ing  an  extended b l o c k i n g  of t h e  p r i n c i p a l .  

c r o s s  secti .ons i n  GIUIPXS, and the  special. code block 

dependent  i n  t e r f a  c. e f i l e  CXS PRR 

.. .. 

A-1  
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. ..... 

Code Block S p e c i f i c a t i o n  

- Code Block - - Broad Group Microscopic  Cross S e c t i o n  Processor  

Basic Funct ions  - 

1. Convert a ndcroscopic  l i b r a r y  o r d e r  by n u c l i d e  t o  a rnicroscop1.c 

l i b r a r y  o r d e r e d  by group going f r o m  one s t a n d a r d  i n t e r f a c e  

format  t o  a n o t h e r .  As an o p t i o n ,  a second nucl ide-ordered  

l i b r a r y  c o n s i s t e n t  w i t h  t h e  group-ordered f i l e  may b e  g e n e r a t e d .  

2. Provides  s e l e c t i v i t y  t o  e l i m i n a t e  e x t r a n e o u s  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 s o t o p e s  o r  o t h e r  

mixtures  as d e s i r e d .  

4 .  Provides  f o r  adding  l i b r a r i e s  ( f i l e s )  t o g e t h e r ,  as w e l l  as 

s e l e c t i n g  d a t a  from two o r  more nuc l ide-ordered  f i l e s .  

( n o t  done) 5. P r o v i d e s  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 )  o v e r  energy of 

p r i n c i p a l  c r o s s  s e c t i o n s  t o  test d a t a .  

6 .  Provides  f o r  condensa t ion  of such d a t a  as xvu  (g-tg') f o r  simple f 
t r ea t m e  n t . 

7. Provides  f o r  u s e r  i n p u t  of d a t a  t o  o v e r r i d e  t h a t  i n  the l i b r a r y  

i n  s h o r t ,  se lect  d a t a  b l o c k s  as w e l l  as f u l l  d a t a  f o r  a d d i t i o n a l  

n u c l i d e s .  

8. Provides  at: least e lementary  c a p a b i l i t y  f o r  c o n v e r t i n g  d a t a  

from o l d  f o r m a t s .  
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E n e r l y  Groups - 1 t o  l ,O0o, b u t  f u l l y  v a r i a b l y  dimensioned. 

Nucl ides  - 1 t o  500, b u t  f u l l y  v a r i a b l y  dimensioned. 

Legendre Order - P r o v i s i o n  through o r d e r  2 0 ,  

L i b r a r y  Prolrect ion and R W X W ~ ~ Y  

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  b e  taken  t o  p r o t e c t  

l i b r a r i e s .  Reasonable tests are t o  b e  made t o  ii-tsurc? i n t e g r i t y  of d a t a .  

F u l l  recovery  i s  normally p o s s i b l e  when o l d  l i b r a r i e s  are p r e s e r v e d  and 

the n a t u r e  o.E f a i l u r e  is  made known. Even t h e  p o s s i b i l i t y  of misunder- 

s t a n d i n g  of procedures  on t h e  p a r t  of t h e  product ion  u s e r  is t o  be taken  

i n t o  account .  

E d i t s  - Not under u s e r  o p t i o n :  -__ 

1. D e s c r i p t i o n  of what w a s  done by t h e  code b l o c k  when accessed ,  

and a s s o c i a t e d  data s torage  u s e .  

2. I n t e g r a l s  over  energy ( reac t ; ioa  r a t e s )  when t h e s e  c a l c u l a t i o n s  

are reques ted .  

Under u s e r  o p t i o n :  

F u l l  e d i t s  of f i n a l  i n t e r f a c e  d a t a  fi1.e.s. 

S p e c i a l  I n p u t  Data .._...... Requirements .........-...I_ - See i n t e r f a c e  f i l e  CONTRL, r e c o r d  XCPTNS 

( S e c t i o n  2 0 4 )  : 

1. Contro l  o p t i o n s  f o r  s e l e c t i o n  of procedures  and d a t a  f i l e  hand]-ing. 

2 .  Edi.t: contlrol 

3 .  I n p u t  d a t a  control . .  
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4 .  S e l e c t  d a t a  t o  ove r r ide  t h a t  i n  the  l i b r a r y .  

5. Nuclide d a t a  f o r  a$ding 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  con- 

densing such d a t a  as j(vo ( g - ' ) .  f 

Data Conversion - 
a 

I n i t i a l l y  only simple CITATION c ross -sec t ion  d a t a ,  elementary l D X ,  
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  

t o  suppor t  methods development e f f o r t .  

forms of da t a  are t o  b e  converted t o  t h e  nucl ide-  

Programming Note - 

It is noted t h a t  d i rec t -access  techniques 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 F i l e s  - 

Used Generated 

ISOTXS GRWXS 
(ISOTXS) 

(z Not done. 





T a s k s  Performed 

A primary func t ion  o f  t h e  code is t o  convert  a nuclide-ordered 

c ross -sec t ion  i n t e r f a c e  f i l e  (-[SOTXS) 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  €unct ions inc lude  c r e a t i n g  a nucl ide-ordered f i l e  from 

t h e  OKNL CITATION code c ross -sec t ion  format,  updating an e x i s t i n g  nucl ide-  

ordered f i l e ,  o r  merging t w o  e x i s t i n g  nucl ide-ordered f i l e s .  Each of 

t hese  func t ions  m y ,  on opt ion ,  e l i m i n a t e  s e l e c t e d  nuc l ides  o r  r ep lace  

c e r t a i n  d a t a  ( f o 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 is a l s o  a v a i l a b l e .  It  

is p o s s i b l e  t o  genera te  a complete set  of macroscopic d a t a  i n  t h e  nucl ide-  

ordered format. Any nuc l ide  used i n  a mixture w i l l  b e  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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pj,,Fq 
.............. 

a t  

CXSPRY v e r s i o n  n 
ISgTXS v e r s i o n  n 

r _I--_c. 

Convert C ~ ' l ' h T 7  @pi 

I n p u t :  
CXSPRR v e r s i o n  11 

CI M T I O N  
o u t p u t :  
J S ~ T X S  v e r s i o n  n 

Lo ISQITXS 

i 
I 

I___ 

Create M i x t u r e s !  
! I n p u t :  

CXSPRR v e r s i o n  n e 
IS@TXS v e r s i o n  n 
O u t p u t :  
rS@TXS versi-on n t l  

! 

d 

i 
A 

C:onver c IS$ES- i- t o  GRUPXS 

@TXS v e r s i o n  n 

ISOTXS 

I v e r s i o n  n 
i 
f ISflTXS v e r s i o n  n 

1sfll.x~ vers i -on  n-1 

o u t p u t :  
IS@TXS v e r s i o n  n-tl 

*Note 
I...... 

v e r s i o n  n'l r e f e r s  t o  the  
cur ren t  latest v e r s i o n a t  
that s t a g e  of processing. 

I t  
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.______._.._ 

The requirem-nts  of  t h i s  code on an IBM-360/370 machine are given 

here. 

Al loca t ion  to 
._I 

Program 

s y s t e m  m u t i n e s  

Ihta 

Typical Buffers 

To t a1 

3 3 K  

7K 

IQK 

9 K  
LI 

1 4 K  
7K 

1 0 K  

'I Li 

5% 40K 





Use of L o g i c a l  Data S t o r a g e  U n i t s  arid I n t e r f a c e  F i l e s  - 

T h e  u s e  of l o g i c a l  units and i n t e r f a c e  f j les  f o r  each t a s k  is 

p r e s e n t e d  h e r e .  

implemented. 

Unit  numbers shown are f o r  s tand-a lone  o p e r a t i o n  as 

Always Required 

ITRL (A) C~NTRL 

ISgTXS t o  ISgTXS (Update) 

I@UT s t a n d a r d  o u t p u t  

I C X S  (A) CXSPRR 

I C I T  (A) i n p u t  ISflTXS 

I s m  (E) o u t p u t  I’S@TXS 

ISCR s c r a t c h  

CITATI@N t o  LS@TXS ( C r e a t e )  _111 

-I_.- 

IOUT s t a n d a r d  o u t p u t  

TCXS (A) CXSPRR 

IC rr  C lTAT I Q N  

IS@T (D)  ou t p  u t  I S  flTXS 

I S C K  s c r a t c h  

1 0  (s tand-a lone  u n i t ,  
t y p i c a l )  

6 

30 

32 

34 

45 

6 

30 

8 

3 2  

45 

IScdTXS + ISOTXS t o  ISgTXS (Mergse 

I@UT s t a n d a r d  o u t p u t  6 

I C E  (A) CXSPRR 30 

ICIT (C) pr imary i n p u t  IS~TXS 31 

T@TH (A) secondary i n p u t  
IS@TXS 32 

IS@T (B) o u t p u t  IS@TXS 34 

I S  CR scratch 45 
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~ ISgTXS ......... t o  LS@TXS (Create Mixtures) .... 

I@uT 

TCXS (A) 

ICT'L' (A) 

I S4'1' (B ) 

TSCR 

ISC:! 

1 DA3 

ISGTXS t o  GRUPXS - -  ____ 

IQTu'r 
LSd'I' ( A )  

I G R U  ( 0 )  

LSCR 

iDAl 

I D A 2  

EDIT GRUPXS - .......... _____ 

i @ U Y  

I G R U  (A) 

s t a n d a r d  oucput 6 

CXSPRR 30 

i n p u r  ISflTXS 32 o r  34 

OuLput IS@TXS 34 o r  35 

s c r a t c h  45 

s c r a  t d I 46 

s c r a t  ch 
( d i r e c t  a c c e s s )  2 3  

s t a n d a r d  o u t p u t  6 

LSOT xs 32 o r  34 o r  35 

s t a n d a r d  o u t p u t  6 

ISQTTXS 32 o r  34 o r  35 

GRlJPXS 11 

s c ra t cll 45 
s c r a t c h  

( d i r e c t  a c c e s s )  27  

s c rat  c l  1 

( d i r e c i  a c c e s s )  24 

s t a n d a r d  outpuli 6 

GKIjPXS 11 

Notes  : 

(A> Asks ShEK for l a t e s t  v e r s i o n  t o  r e a d .  

(B) Asks SEEK for a new v e r s i o n  to write .  

(C) Asks SEEK fo r  t h e  next t o  t h e  Latest v e r s i o n  t o  read. 

(1)) Asks SEEK f o r  t h e  l a tes t  v e r s i o n  t o  w r i t e ,  i f  liane a v a i l a b l e ,  

asks SEEK f o r  a new v e r s i o n  t o  wri te .  
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I: 1 P3 F F! AT I O  N kH 0 !T T S UR F: 0 U TT N E S 

r**+**** **** ********* ******* **** *** *** . . . . . . . . . . . . . . . . . . . . . .  ************ 
C 
c 
C 
c 
c 
C 
C 
c 
C 
c 
C 
c 
c 
(3 
C 
c 
C 
c 
C 
c 
C 
C 
C 
c 
C 
c 
c 

C 
c 
C 
C 
c 
c 
c 
c 
C 
C 

CHOL 
C T I l  
C T I 2  
CT I7 
ZYS1 
GXS7 
tic fi K 
T T I 1  
ITT2 
1x5 1 
IX s2 
M A  TN 

V I X 1  
*I x 2  

?I1 X 3  
3 z x 4  
YI x5 
7211 
Y2I2 
YP C 3  
TR LR 
X t E I  
xo R3 
XSCX 
xscu 
xsc 1 
xsc2 

xsc 3 
xscu 
XSCS 

qr xil 

CT12 
CHOL 
F E Z J  
G X S L  
F E E 3  

T T I 2  
HCHK 
T X S 2  

00 P L  
F E E D  
MI XL 
Do?: 
WPCd 
ISTd 
T S T Z  

r s T d  

NPC a 
~ 2 r  L 
HCHg 

CTIl 

FPF .Z 
Do P,: 
m P, 
BF E, J 
xsci 
IST3 
HCR6 
IS Td 

CTI 3 
HCHK 

PFED 
XLET 

R E E D  
IST3 
REED 
REED 
xscr 

RUEn 
HCHK 
R E E D  
YPCR 
RFED 
RFE? 
REED 
1 STR 

G X S  1 

3 EED 
BOXX 
REED 
RITE 

REED 
REZD 
P E E D  

S E E D  
i S T P  

SEEK 

S13K 
N DCR 
S3XK 

XSCTJ 

SREK 
I S T N  
R rTE 
2QED 
3 I T E  
R I T E  
SEEK 
N PCFl 

IT11 

x Lisr 

S E E K  
B OXY 
SEEK 
RSTI 

B I T E  
BIT3 
R I T E  

SBFK 
FE F D  

F E E D  

FIIXC 
XO RD 
B I T E  
EST1 
STGR 

R E E D  

1x5'1 

SK?R 
TFLCP 
xsc2 
STOI; 

XO RD 
RSTI  

R I T E  

BITE 

NIX3 

RS TI 

XORD 

BITE 

Y T X l  

PF SCOR 

X O R D  

9 STI 

RSTI 

RSTI  

V2I1 KSC 1 

GETCOi? 

xsc3 xsc4 

C*+********* ********** **************** ******** ******+******************* 
c*********** . . . . . . . . . . . . . . . . . . . . . . . . . .  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4  

c 
C C R O S S  SECT1 3 N PROCESSOR S U BBOUT INE CRCSS-REPSR ENCIYC, 
c 
C STJRRO U T I N E  ***********e ** CALLED PROM SUBDOIJTTWE * 4  ** ** **** ******** 
C 
C CiiOL CTI2 
c C T I 1  TR L d  
C CTf2 C T I l  
c C T I l  CT7: 1 

(CONT) 



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 

COPC E A  ItJ 
PEE6 X S C l  
F R E C O i 3  X S C C  
G E T C C R  X S C U  
G X S 1  19LG 
G X I 2  GXS 1 
HC PK C T I i  
T S i a  CT'TZ 

xsc i 
IT11 ' IRIS 
IT12 IT1 7 
1x51 I R I S  
1 x 5 2  1 x 5 1  
M A I N  
M I X C  MIX; 
MI 11 ' I B I S  
q l X i  61x1 
MI %3 PI. xi 
YIX4 n 1  xi 

7211 I R  z a  

UPCR IT12 
REFD C T I  1 

1 x 5  1 
PI X S  
x s c 4  

RI TF C T I i  
rsci 

3 o x x  xsc L 
R 7 X Y  xscu 
? S T 1  C Y 1 2  
S'FK CTT 1 

xsc 1 
S K  E ?  xsc I 
STC: r I  r 5  
731'; xsc L 
Y L F I  G Y S i  
YO ii c M I X l  
X S C I  ? A I  h 
XSC[I M A I N  
xsc 1 ?"IS 
Y S C i  xsc 1 
X < C 7  X S i i  
x s c 4  x s c i  

MI X5 r I x i  

r2  12 r21  I 

!IX2 

1'112 
IT12 
X 3 C E  

MIX2 
C T I 2  
I X S 2  
M2I1 
XSCS 
IT12 
X S C 3  

i T T 2  
G X S  1 

xsc2 

I X S 2  
H 1 X 3  

x s c u  

YT x 2  
1x52 

VI X 3  
ct13 
VI xc 
m211 

YI B2 
Y S C Q  

41 x3 
1t11 

"I 1 5  

x5c1 

r 2 1 2  
M I X ;  

rz  x5 

rill 
cx51 

YSCI 

PI x 3  
x s c s  

YI 
1 x 5  1 

XZC2 

xscu 
y1x3 MI x4 n212 

v2 12 
5x52 2711 1 ~ 1 2  
M I  X2 m1x3 Y T X 4  
y5c1 xzc2  xsc 3 

x s c 2  x s c s  3212 
:?I x 1  y211 X S C I  

xs c 4  
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(CCNT) 



86-  i 



86-  3 

CI: 
r: 

CR 
C 
cc 
cc 
C 
c PI 
c a! 
c 
CY 
c ?I 
c 4 
c t1 

( C C h ' l )  

-:. . . . ~ . ~  ........ ~ ~ - . . . ~  ...., 



A6-9 

CN 
CN 
C4 
C N  
CN 
CN 
CN 
CN 
CN 
C N  
CN 
CN 
CN 
C Y  
CN 
C N  
CN 
CFI 
CY 
CN 
CY 
C 
C L  
C 
cw 
C 
C C  
C D  
CI :  
CC 
CD 
c c  
cc 
C C  
Cf 
c-- 

A )  IF HISCLP! EQ 6 t C E L d ' l L .  TFE DATA POX THIS I Z O T O P 3 ,  - 
I S  NC'I Z I E I T T E B  O N  T H E  N E 9  N U C I I C E - C F C F R E D  FILE - 

E )  I F  H l S C N r  hE h I - C E I E T F ,  T F E  DATA FOR T G T S  I S O T O P E  - 
R T L L  B E  C O P I E D  T C  T H E  EiEK N U C I I C E - C F i C E K E C  F I L E  - 
:NCN-ELAHK CR H O B - Z E R C  t A T A  B I L L  R E F L A C E  1 H Z  - 
D A T A  C N  THE N E W  F i f E )  - 

C )  I F  A P T E Q  R E A C I R G  N O F ( 5 )  F E C O R D S ,  T H E B P  A X %  ISOT3OPKS - 
REMAINTNG IN THE I N F U T  C S C S S  S E C T P C B S ,  T H C S E  - 
~ E ~ ~ A I N I I V G  W I L E  B E  D E L E T E C  F a o r  T H E  N E U  F I I E  a - 

f H E M  eC?(IC) EC 1, I 

T H I S  C l T A  N A Y  E E  USE& V E F N  IX:?) EQ 1 AND I X ( 5 )  EQ 0 T O  - 
C O N T R G I  THE C O K T I W T  C F  THE h E L  I C O P X C  F I L E ,  TWE C f i C L F  - 
C P  THE R E C C R r S  I S  N C T  S F E C ' I F I E I :  S I N C E  THE UNIQUE L A B E L  1 

( H I S O d i 4 )  IC O S E E  TO I D E N T I F Y  I C C T O E Z S  T C  F E  C O F I E C  TC - 
T H E  K E L  PILE. L C h - E L P N K  Ofi  N C N - P E R 0  VALUES FOR THE - 
F E Z T  O F  TYE D A T A  W I L L  B E  F C T  C h  T H E  hE54 F T L F ,  - 
T H E  U d i I Q V E  L A E E I  C A N  PCOT B E  C H D Y G F D  kHEN USING THIS C P T I 0 J . -  

IF T H I S  DATA I C  LOT F E E S E N T ,  A L I  ISOTOPES O N  THZ Z N P U I  - 
cat:: C X T I C N C   ILL E E  C C F I E L  IC T R E  N E W  F I E F  I_ 

H f S C H R , H P B S I  E, Y V A T ,  A F A S S , E F I S S , E C R F ' I  , F E R ,  (ICP (I) , I = l ,  3) - 
?*MULT + 7 - 

- 
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CECF 

I M D  CE A E F E N E I X  E 
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Appendix B :  CODE BLOCK TO CALCULATE REACTION RATES, ETC. 

This code block produces 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 

(breeding)  r a t i o .  It is  compatible wi th  t h e  VENTURE code and o p e r a t i o n a l  

l o c a l l y  as a s e p a r a t e  module i n  t h e  code system requ i r ing  less than 50K 

words t o t a l  memory usual ly .  P i l e  communication i s  compatible wi th  VENTURE. 

Basic  con t ro 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 h e  C0NTR.L 

f i l e  i n  t h e  body of t h i s  r e p o r t .  

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 

demand, independent of t h e  neut ronics  model appl ied ,  using c ross  s e c t i o n s  

and nuc l ide  concent ra t ions  from t h e  f i l es  used by the neu t ron ic s  codes 

and f l u x  d a t a  produced by neut ronics  codes,  and perhaps gene ra t e  a new 

i n t e r f a c e  d a t a  f i l e .  A pre l iminary  l i s t  of t h e  t a s k s  fo l lows ,  bu t  only 

t h e  f i r s t  is  implemented i n  t h i s  release vers ion:  

1. Ca lcu la t e  by zone (and sub-zone) average neutron,  nuc l ide  r e a c t i o n  

rates and i n t e g r a t e d  summary t a b l e s  us ing  i n t e r f a c e  d a t a  f i l e s  

wi th  use r  c o n t r o l  over  e d i t  l e v e l s  

a. Using f i l e s  NDXSRF, ZNATDN, RZFLUX and GRUPXS. 

b .  Kcpea t  wi th  f l u ,  a d j o i n t  weighting OR op t ion  using f i l e  

PERTUl3. 

2. Edi t  s e l e c t e d  maps of individual r e a c t i o n  rates ( t r a v e r s e  o r  on a 
plane)  

3. Basic cross 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  

4 .  Basic  p e r t r u b a t i o n  a n a l y s i s  c a p a b i l i t y  consider ing nuc l ide  concen- 

t r a t i o n  changes and/or  microscopic  c ross  s e c t i o n  changes and 

weight ing of delayed neutron d a t a  

5. Generat ian o f  a f i x e d  source  f i l e ,  as of prompt o r  delayed neutron 

gene ra t ion  ra te  

The code s t r u c t u r e  and subrou t ine  re ferenc ing  s t a r t  on page E l - 1 .  The 

module should be  s i m p l e  t o  implement on a s p e c i f i c  computer. 

s t r u c t u r e  w i l l  no t  be needed f o r  t h i s  f i r s t  release ve r s ion .  

An over lay  





(CONT) 
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c******* **** ************+* **********+***** . . . . . . . . . . . . . . . . . . . . . .  ******** 
r 
C 3 E A C T I O N  R A I ' B  NODULE SURROnTI  NT CACS S - R E P E R E N C I  NG 
c 
C STJRROIJTINE *******E****** C A L L E D  PBOM SUBaOU?XIME ****************** 
C DO PC V A I i  RFDS S R T S  
C QXR9 R R C i  RFTS RRT1 
c FRFCOB R R D 3  
C GETCOR R 9 B 3  
C S E E D  RRCI. RRTR R R T B  R F  TC RF "D RRTG RRTH 
C RRTl  R R T Y  R RTK R R TO RRT1 RRT3 RRT6 
c FRT7 R R T 9  
C R I T E  RRTA RFTB 9 RTC RRTE RR TC RP T I  R R  TT 
c 9 P T j  ART6 R R T 7  R R  T 9  
C R O K X  RR D 5  
C 93XY R R  D3 
C R R C I  mi I d 
C AR DS PA Id 
C RRTA ART 1 
C a a n  RRT 1 
C R R T C  U R T  I 
C R R " 9  RFT D 
C R ? ? "  RRT 1 
C S R T P  RRT I 
c" aa x 4 9 T 1  
C ??Ti? R R T l  
C R X T T  RPTl  
C RBTaT RRT 1 
C QPTK R R T l  
c S a T L  R 9 T 1  
C RRTX RRT 1 
c 93TX R a T  1 
C R R  TO RRT 1 
C RRTP R R T  1 
C R R T S  RRT 1 
C RBT? R R ' I  1 
c R 9 T 1  R R D 5  
c R R T 2  RS I1 
c R R T 3  RYT 1 
C RRTU i3RT 1 
c R R T 5  F Q T l  
(3 R R T S  R R T l  
C R R T 7  FRT 1 

C R Q T 9  RQT 1 
C S E X Y  R P C i  R F T l  RXT3 R ?  TQ 
C S K E ?  RRCi  R F T l  R R T 3  R R " 9  
C STOR R P T l  
c 
c******+ **** ****** ***t e****+**** ****** ******e+** ** ** * *+*** ** **** **+*PI*** 

r 

C QPTR iv r i  

(C 3NT)  
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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 

S I E F L E  C V E F i i P Y  S S B O C ' I U F E  FCB I ; E A C ' T I O E  B A T E  R O D U L E  
MOEOLE H A Y  E E  USED WI?HOUT C Y E A I P Y  R'I THIS TIME 

M A I N  
R R C ' I  
R R C C  
R R T  1 
DCFC f 6 0 X Y )  L I E E A S Y  
R I T E ; E E E I , F O X X )  LIEFlWBY 
SFEK L I B f i A F i Y  
STCF T, I E R A  8 P 
SKEii Z I E F A h Y  
F E F F  L I B R A R Y  
G E l C O f i  L I E B A F P  
FRECOF L l E B A R P  
D E F I L E  t T E B A E P  
C L C S D F  L I B R A S Y  * * 

* * * * * j * * * * * j * * * * * * * * * t * * * * * * * * ~ * * ~ * ~ * ~ ~ * * * ~  

* * * * * * 
3 R T i  R R 3 T  SR'IA R R  'JG F E Y 1  I;J?IO 
F R Z C  F R I S  6 R T E  9 R ' J h  F R ' I J  B R I E  
fi;i'I7 FRI 'I F F I C  6R?6 
R R ' I U  R83U F R I K  
RS'JF RET E FR=IT, 
9RTS F B l P  

E R ? N  
F E l 9  

C 
C D F F I L E  [ C A L L E D  PIiOll DCFC) P C r E ? E I E 6  I A W G D A G E  E C U T I N r l .  
C U S E E  TO CEFN E I R F C T  ACCFICS F I L T S  - R E P L A C E S  TU? 
C I B M  D E F I N E  FIEF.  S T A T E C E A ' I  
C C L C S D A  I C A L L E C  F F O Y  EOPC) P S c F V E L E R  L A N G U A G Z  R 3 0 T ; N E  
C USED I C  C I O S E  CIFECT P C C f S 5  FIT.Z:S C E E h E C  
c U T T H  C E F I I T  
C G 3 T C C R / F F E C O F i ( C A L L E G  FROY A F D C )  A S ^ C T ! ? F E Z R  I A h G r l A G E  FGUSIYES 
C USEE I C  C Y N A P I I C A L L Y  B I L C C P T P S  ANC QELZASE M A I N  
C C O R E  C T C R A G E  
C 
C * * * + * * ~ l l l * l ~ * * * * * * * * * * * + t + * * * * * ~ * * * * * * j * j * ~ j j * j * j $ * ~ * j * * $ * * * ~ * j ~ * * * * * ~ * ~  

F h D  CF R € P E X C I X  E 

-. ..... 
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Appendix C: LOCAL USE OF THE VENTURE AND RELATED CODES 

The VENTURE code is  s t r u c t u r e d  as a module f o r  use i n  a cornputation 

system a long  wi th  o t h e r  codes. Loca l ly ,  a s tandard  inpu t  p rocesso r ,  t h e  

c ross  s e c t i o n  processing code (Appendix A ) ,  t h e  r e a c t i o n  rare code (Appen- 

d i x  E ) ,  and s p e c i a l  i npu t  d a t a  processors  are used. 

c ross  s e c t i o n  d a t a  must be  converted from a nucl ide  ordered f i l e ,  ISOTXS, 

t o  one i n  which t h e  d a t a  i s  ordered by neutron group, GIiupXS, by the  c ross  

s e c t i o n  processor .  To produce such information as i n t e g r a l  r e a c t i o n  rates 

by nuc l ide ,  t h e  r e a c t i o n  rate module m u s t  be  used. 

Typica l ly ,  microscopic 

For  any implemcntation of t h e  VENTURE code, some scheme of access  

m u s t  be  used. A stand-alone ve r s ion  of s e l e c t e d  code b locks  can e a s i l y  

be implemented, a l though t h e r e  would be  obvious l i m i t a t i o n s ,  e s p e c i a l l y  

regarding ex tens ions .  A primary o b j e c t i v e  of t h i s  e f f o r t  w a s  t o  produce 

codes which could r e a d i l y  b e  introduced i n t o  a system f o r  computation 

b a s i c a l l y  compatible wi th  gene ra l  i n t e r - i n s t a l l a t i o n  ground r u l e s .  Thus 

t h e s e  codes do n o t  read  u s e r  i n p u t  d a t a  upon access ,  r a t h e r  f i l es  con- 

t a i n i n g  t h e  necessary da t a  and i n s t r u c t i o n s  must have been generated p r i o r  

t o  the  code access .  D a t a  i n t e r f a c i n g  between codes is through w e l l -  

def ined d a t a  f i l e s .  

For product ion a p p l i c a t i o n  l o c a l l y ,  a d r i v e r  code is used t o  access  

the code blocks as i n s t r u c t e d  by t h e  use r .  This s e c t i o n  o f  t he  documen- 

t a t i o n  desc r ibes  t h e  code set and a s imple d r i v e r  used r o u t i n e l y  and i ts  

input  d a t a  requirements.  Also d iscussed  are d e t a i l e d  i n s t r u c t i o n s  oc 

running VENTURE l o c a l l y  on the TBM-360/91 and IBM-360/195 computers. 

d r i v e r  rou t ines  are shown a t  the end of t h i s  Appendix i n  Table  C-6. 

The 

The Code S e t  

BOLD VENTURE is  the  name of a p a r t i t i o n e d  d a t a  set f o r  t h e  IBM-360 

computers which conta in  independent nuc lea r  codes s t o r e d  as s e p a r a t e  load 

modules. 

and executed. 

t i o n  requirements.  The scheme and form of u se r  d a t a  inpu t  t o  t h e  implemented 

Any of these  may be brought i n t o  memory by a s u i t a b l e  d r i v e r  

The sequence of execut ion is l i m i t e d  only by d a t a  communica- 
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d r i v e r  was chosen  t o  a l l o w  g e n e r a l  a p p l i c a t i o n  of VENTURE and a s s o c i a t e d  

c o d e s  on a p r o d u c t i o n  b a s i s ,  l o c a l l y  and v i a  r emote  t e r m i n a l s .  

code  b l o c k s  a re  b e i n g  phased  i n t o  t h e  s e t  and t h e  d r i v e r  funct- ions ex- 

panded t o  add s o p h i s t i c a t i o n  and p r o v i d e  i n t e r f a c e  d a t a  f i l e  management 

c a p a b i l i t y .  

A d d i t i o n a l  

Driver I n p u t  1 n s . t r u c t i o n s  

Tnput t o  t h e  d r i v e r  c o n s i s t s  o f  a T i t l e  c a r d ,  a n  Op t ion  c a r d ,  and 

P a t h  c a r d s  s p e c i f y i n g  t h e  o r d e r  i n  which  t h e  v a r i o u s  code  members are  

t o  be  e x e c u t e d .  The c o n t e n t s  of  t h e s e  c a r d s  a re  d e s c r i b e d  h e r e .  

'The T i t l e  Card (Format  12A6):  

'This i s  t h e  r u n  t i t l e  c a r d  and i s  p r i n t e d  al.ong with o t h e r  e d i t e d  

o u t p u t  f rom e a c h  code  a c c e s s e d .  

The Op t ion  Card (Format  9 1 6 , 6 1 3 ) :  

I n  t h e  f o l l o w i n g  d e s c r i p t i o n  o f  e a c h  indi.vi.dua1 number,  the c a r d  

columns are shown i.n p a r e n t h e s i s  fol.1.owing e a c h  name and any  d e f a u l t .  

v a l u e s  a re  shown i n  p a r e n t h e s i s  f o l l o w i n g  t h e  d e s c r i p t i o n .  

I P l ( 1 - 6 )  -Memory a l . l o c a t i o n  of t h e  p r i m a r y  c o n t a i n e r  a r r a y  f o r  t h e  

v a r i a b l y  d i m e n s i o n a l  d a t a  o f  e a c h  c o d e ,  4-byte  words ,  

(040000) .  

IP2 (7--12)-Mernory a l . l oca t . i on  of s e c o n d a r y  c o n t a i n e r  a r r a y  (000000) . 
IP3(13--18)-Memory a l l o c a t i o n  of  a t e r t i a r y  c o n t a i n e r  a r r a y  (000000) . 
LP4(19-24)-Maximum b l o c k  s i z e  f o r  d i r e c t  access d a t a  f i l e s ,  4 -byte  

words,  ( 7 2 0 0 )  . 
IP5  (25-30)-Tota l  computer  c e n t r a l  p r o c e s s o r  t i m e  a l l o w e d  f o r  t h e  run 

( t e s t e d  p r i o r  t o  any  code  a c c e s s ) ,  m i n u t e s  ( 5 ) .  

IPS (31.-36)- 

T-P7 (37-42) - 

IPa(43-48)-  

I P 9  (49-54) - 
IPlO (55-57) - 
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- ...... 

I P l l (  58-60) -Stand-alone f l ag ,  

0-codes a re  a c c e s s e d  i n  a t r u e  modular code set env i ron -  

m e n t ,  recommended. 

1-codes are a c c e s s e d  as i f  each were a s t and-a lone  code.  

I P 1 2  (61-63) - 
TP13(64-6S)-If '0, t h e .  STET< t a b l e s  w i l l  b e  i r i i t i l i z e d  p r i o r  t o  each 

a c c e s s  of t h e  s t a n d a r d  i n p u t  p r o c e s s o r  code. 

IPl4(67-69)-Uebug f l a g ,  i f  >O, t h e  SEEK t a b l e s  w i l l .  b e  p r i n t e d  a f t e r  

each  code access. 

IP15 (70-72) - 

The Pa th  Cards (Format 2 4 1 3 ) :  

Each code i n  t h e  set  i s  a s s i g n e d  a n  i n t e g e r  number and t h e y  arc ac-  

c e s s e d  b y  t h e  d r i v e r  i n  t h e  o r d e r  i n  which t h e i r  i d e n t i f y i n g  nuniber a p -  

pears on t h e s e  c a r d s .  A maximum of 96 e n t r i e s  may be s p e c i f i e d .  T h i s  

r e f e r e n c i n g ,  which must b e  known t u  the u s e r ,  i" a s s i g n e d  as f o l l o w s :  
a 1 - T'hc s t a n d a r d  i n p u t  d a t a  p r o c e s s o r  which g e n e r a t e s  t h e  S tanda rd  

I n t e r f a c e  d a t a  f i l e s  ( s e e  S e c t i o n  2 0 4 ) .  

2 - S p e c i a l  p r o c e s s o r s  d i s c u s s e d  below. 

6 - The c r o s s  s e c t i o n  p r o c e s s o r  code. 

7 - The VENTURE n c u t r o n i c s  code.  

9 - T h e  r e a c t i o n  r a t e  c a l c u l a t i o n  code. 

A blank e n t r y  s i g n a l s  t h e  end of t h i s  data. For example, t o  i n s t r u c t  

t h e  d r i v e r  t o  access t h e  g e n e r a l  i n p u t  p r o c e s s o r ,  t h e  c r o s s  s e c t i o n  code,  

VENTURE, and f i n a l l y  t h e  r e a c t i o n  ra te  code,  a c a r d  would b e  punched 

1 6 . 7  9 0. 

S p e c i a l  p r o c e s s o r s  are  a l lowed  i n  tlie BOLD VENTURE code set .  These 

codes  may read u s e r  i n p u t  i n  any format  ( d e s c r i b e d  e l sewhere )  and w r i t e  

v a r i o u s  s t a n d a r d  i n t e r f a c e  f i l e s  f o r  u s e  by t h e  o t h e r  codes .  The d r i v e r  

i s  i n s t r u c t e d  t o  access a s p e c i a l  p r o c e s s o r  by a n  i n t e r g e r  2 on t h e  p a t h  

c a r d ,  and tlie p a r t i c u l a r  p r o c e s s o r  is i d e n t i f i e d  by a name (Format A 6 )  

i n  t h e  i n p u t  d a t a  stream. Fol lowing t h i s  s p e c i a l  i d e n t i f i c a t i o n  c a r d  

must  b e  any i n p u t  d a t a  r e q u i r e d  by t h a t  p r o c e s s o r .  The f o l l o w i n g  names 

a I b i d .  , p .  403-1. 



i d e n t i f y  s p r r i a l  p r o c e s s o r s  which  are i n  p r o d u c t i o n  u s e :  

DCMACR - Rends C I T A T I O N  fo rma t  macroscop ic  C ~ O S S  s e c t i o n s  and  w r i t e s  

a pseudo CCTATION Eormat microscopic c r o s s  s e c t i o n  f i l e .  

DCRSPR - Reads i n p u t  d a t a  t o  g e n e r a t e  t h e  f i l e s  CONTRL (Sect i o n  2 0 4 )  

and CXSPRR (Appendix A)  r e q u i r e d  by  t h e  c r o s s  s e c t i o n  p ro -  

c e s s o r  c o d e .  

DVENTR - Rends i n p u t  d a t a  t o  g e n e r a t e  t h e  n e c p s s a r y  i n t e r f a c e  f i l e s  

r e q u i r e d  by  VENTURE ( s e e  S e c t i o n  1 0 4 ) ,  e x c l u d i n g  c r o s s  

s e c t i o n s  (ISOTXS o r  GRUPXS f i l e  r e q u i r e d ) .  

DUTLIN - Reads j i i p u t  d a t a  t o  g e n e r a t e  t h e  f i l e  CONTRL r e q u i r r d  by 

t h e  r e a c t i o n  r a t e  code .  

A s  a n  example of  t h e  u s e  of t w o  s p e c i a l  p r o c e s s o r s ,  cons i .der  t h a t  t h e  

t h e  s t a n d a r d  i .nput  p r o c e s s o r  i s  to r e a d  i n p u t  data t o  g e n e r a t e  a n  ISOTXS 

f i l e ,  u s e  t h e  s p e c i a l  p r o c e s s o r  DCRSPK t o  p roduce  a GKUPXS f i l e ,  u s e  t h e  

s p e c i a l  p r o c e s s o r  DVEWTR t o  w r i t e  the  f i l e s  needad by VENTURE, and f i n a l l y  

e x e c u t e  VENTURE. 'The P a t h  c a r d  s u p p l i e d  t o  t h e  d r i - v e r  woiuld c o n t a i n  

1 2 6 2 7 0 ,  and t h e  input. stream would c o n t a i n :  

1. D r i v e r  i n s t r u c - t i o n s  

2 .  ISOTXS d a t a  t o  b e  r e a d  by t h e  s t a n d a r d  i n p u t  p r o c e s s o r  

3 .  The DCRSPR c a r d  f o l l o w e d  by i n p u t  f o r  t h i s  p r o c e s s o r  

4 ,  The DVENTR c a r d  f o l l o w e d  by i n p u t  f o r  t h i s  p r o c e s s o r  

Running VENTURE on the IBM-360/91 ____I (ORNL) ...... _.- ........ ~ 

The f i r s t  p a r t  of  t h i s  d i s c u s s i o n  d e s c r i b e s  r u n n i n g  VENTURE on  t h e  IBM- 

360 /91  computer  l o c a t e d  a t  t h e  OKNL s i t e .  A d i s c u s s i o n  of r u n n i n g  VENTURE 

on t h e  LBM-360/195 computer l o c a t e d . a t  the ORDGE s i t e  scarts on page  C-22. 

Job  C o n t r o l  Cards ---I-...-..... l_l__ 

The XRM-360 Job C o n t r o l  Language i s  q u i t e  p o w e r f u l ,  b u t  c o m p l i c a t e d  

and t h e r e f o r e  d i f f i c u l t  t o  u s e .  Most o f  t h e  j o b  c o n t r o l  c a r d s  r e q u i r e d  

t o  run VENTUXE are s t o r e d  i n  a p r o c e d u r e  l i b r a r y  and  r e f e r r e d  t o . a s  a 

c a t a l o g u e d  p r o c e d u r e .  " They a re  rel:r:i.eved and  a l t e r e d  autornatical.1.y a t  I t  

r u n  t i m e .  To e x e c u t e  t h e  code ,  F i g u r e  C-1 shows a t:yp:i.cal se t  o f  j o b  

c o n t r o l  c a r d s  r e q u i r e d  i n  a d d i t i o n  eo t h o s e  s t o r e d .  The numbers a t  t h e  

r i g h t - h a n d  s i d e  are n o t  punched on the ' c a r d s ,  b u t  refer t o  the n o t e d  
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.- 

d i scuss ion  fol lowing.  Al so ,  110 blank  cards  are permi t ted ;  t h e  ones shown 

arc f o r  c l a r i t y  only.  The user should read t h e  notes  c a r e f u l l y  t o  under- 

s t and  how t o  use t h e  VENTURE code. 

Note: 

(1) The parameters ULD, X ,  Y ,  Z Z Z ,  CHARG, and t h e  conten ts  of columns 

38-57 are job  and use r  dependent and are descr ibed  below. 

U ID - This  i s  t h e  use r s '  i d e n t i f i c a t i o n  and i s  assigned by the 

computer d i spa tche r  ( see  Serv ices  below). 

X - Any one d i g i t  number o r  letzter. 

Y - This  is  the  job  "c lass"  (two p laces  on t h e  card)  and i s  

e i t h e r  D, E ,  IF, o r  G as shown i n  the  fa l lowing  t a b l e .  

CI-' T i m e  (a ) Tapes C l & S  Region S i z e  
L i m i t  (min] Required 

D > 5  > 540K NO 

E Yes 

The ope ra t ing  system automat ica l ly  te rmina tes  c l a s s  E 

and class G j o b s  i f  they exceed t h e  CP t i m e  shown. C l a s s  

D and F j o b s  are terminated a t  t h e  d i s c r e t i o n  of  the 

computer opera tor  i f  they exceed e i t h e r  CP t i m e  o r  

es t imated  w a l l  c lock  t i m e  ( see  Estimated Time below). 

ZZZ - This is  t h e  expected CP t i m e  i n  minutes and is d iscussed  

below under Estimated Time .  I 

CHARG - This i s  t h e  u s e r s 7  charge number (see Services  below).  

Col. 38-57 - This is  t h e  use r s '  address  and name and s p e c i f i e s  where 

t h e  job  output  is t o  be  sent. If the  job  is submit ted 

through the  PDP-10 by a remote te rmina l ,  c o l u m s  38-40 

may be used t o  d i r e c t  t h e  output  to t h e  remote te rmina l  

p r i n t e r .  T h i s  parameter is GEC f o r  the G . E .  t e rmina l  

a See  Note ( 4 )  below. 
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F I G U R E  C-I. COMZHOL C A R C  F O R  RUNNIPG VENTUBF: ON THE 360/91. 
NOTE 

/ / U I J X Y Z Z Z  JOB ( C H A R G ,  ,,99,9000,,1) , ' A D R E S , N B N E  COX. 36-57',CLASS=Y, 4 1)  

/*ROUTE P R I N T  LOCAL ( 2 )  
//STEP EXEC V E N T U H E X .  
// N B  1= 1, N 82-1, B 113 520. B L = 3  23 00 ,N X = 5  0 .NS=SO,N 1 = l o 0  e ( 3 
// NZ= 1, N3=1 ,N4 = 1, t4 5= I N b =  1 , H7= 1, W B =  1, N9- 1, M I  O =  1 , N 1 1= 1, H 12: 1, N 1 3= 1, ( 3 )  
// N14=?,N15=1 ,N16=1, (3)  
// PAXM.POBT=* NODECK,N~LIST,NOSOURCE . N O ~ A P ~ N O X H E F ~ ,  
// REC1ON.GO;YSBK ( 4 )  
/ / F o a r . s Y s m  D D  + 
P 

// DSNAWE=TBF.BOLD. VENTUdE.DRIVEB 
//LKED.SYSIN D D  * 
LNCL U D E  B V D R I V E H  

/* 
//GO. PTI IFOOI DD UNII=EBP19,VOL~jME=~ER- l l 8 L A B E L = { , S L )  .DISP=OLD, 
// DC B- 4 R ECPn =VBS, L R EC L=X, B L K  SI Z E = 3 5  2 0 )  
/ /GO. X X X X X H X X  DD UNIT=2314, VOL;SER=ZX2222,DXSP=SHR, 
// DSNAME=TBP. BOLD. VENTURE 
//GO. PT04FOQ1 D D  UY I T = T A P h 7 , V O L U F l E = S E R = O 4 , L A B E L =  ( ,NL)  , D I S P = O L D ,  
// D C f l = ( D E N = 2 . ' ~ R f C d = E ~ . R ~ C P ~ = F B B S , L ~ E C L = B O , R L K S I Z E = 3 2 0 0 )  
/ / 6 0 . P T 1 6 F 0 0 1  D D  U N I T ; P A P E 9 . V O L I l n E = S E B = l 6 , L A B E L =  (,NL) ,DISP.-OLD, 
// DC a= [ h E C F M = ~ B S , L R E I L = X , B L K S X Z e = 3 5 2 0 )  
//GO,FT99F001 DD * 

// T Y P R U N = H O L D ,  
// f l S G L B V E L =  ( 1 ,  1) 

/ / L K E D * B V D H I V t h  DD U N I T - L ~ 1 4 , V O L U K e = S E R = Z X 2 2 2 2 , D 6 S P = S H l l ,  

DVENTB 
COFiMENT****+ VENTURE CASE I N P U T  D A T A  G O E S  HERE. 
EM D I N  PUT 

D V E N P R  
COIlMZNT*****VENTUHE CASE E l P U T  DATA GOES HERE, 
EWDINPOT 
/* 
// 
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locaCed a t  Sunnyvale,  C a l i f o r n i a .  

below).  
(See a l s o  n o t e  (2)  

A t y p i c a l  c a r d  might b e  
//SCClF040 J O B  (00001, , ,99,9000, ,  1) , 'GECSUNNYVALE S . C R I C K ' ,  CLASS-F, 

where a f i c t i t i o u s  charge number i s  shown. 

This  c a r d  is  o p t i o n a l .  I f  i t  is p r e s e n t ,  i t  s p e c i f i e s  t h a t  t h e  

job  o u t p u t  is t o  be  p r i n t e d  a t  t h e  computer and o v e r r i d e s  t h e  

d e s t i n a t i o n  s p e c i f i e d  by columns 32-40 on t h e  f i r s t  card .  For  remote 

t e r m i n a l s  connected d i r e c t l y  t o  t h e  IBM 360/91, t h i s  c a r d  may b e  

used t o  d i r e c t  t h e  j o b  o u t p u t  t o  t h a t  remote t e r m i n a l .  It would 

have the form 

/"ROUTE PRINT REMOTEn 

where n is  t h e  remote t e r m i n a l  number. 

These parameters  are problem dependent  and are d i s c u s s e d  under 

Problem Dependent Parameters  below. 

The parameter  BBB (maximum 1536) s p e c i f i e s  t h e  maximum number o f  

b y t e s  of c o r e  s t o r a g e  ( i n  K = 1024 b y t e s )  allowed f o r  t h e  job .  For  

running  VENTURE 

BBB24(AAAAhA)/lO00+300 

where AAAAAA i s  t h e  s i z e  of  t h e  VENTUW d a t a  c o n t a i n e r  a r r a y  (see 

n o t e  9 below).  It i s  impor tan t  t h a t  t h i s  number n o t  be much l a r g e r  

t h a n  t h a t  r e q u i r e d  f o r  t h e  j o b .  (See d i s c u s s i o n  i n  last  paragraph 

under Comments below.) 

Any c a r d s  inc luded  h e r e  are o p t i o n a l .  They i d e n t i f y  l o g i c a l  I / O  

u n i t  numbers and o v e r r i d e  those d e f i n e d  i n  t h e  c a t a l o g u e d  procedure  

(F igure  C-4). If i n c l u d e d ,  the c a r d s  must b e  p l a c e d  i n  t h e  deck so  t h a t  

t h e  l o g i c a l  uni t  numbers are i n  ascending  o r d e r .  

a complete  d e s c r i p t i o n  of t h e  1 / 0  units r e q u i r e d  t o  r u n  VENTURE. 

SeeeSect ion  204-1 f o r  

Logical  u n i t  number 11 i s  the GRUPXS i n t e r f a c e  d a t a  s e t .  It may 

p r e v i o u s l y  have been w r i t t e n ,  o r  i t  may b e  w r i t t e n  d u r i n g  t h i s  r u n  

depending upon i n s t r u c t i o n s  t o  t h e  d r i v e r  program ( s e e  n o t e  9 below). 
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I f  t h e s e  c a r d s  arc n o t  p r e s e n t ,  l o g i c a l  u n i t  11 i s  d e f i n e d  as a 

s c r a t c h  d i s k  i n  t h e  c a t a l o g u e d  p r o c e d u r e ,  and t h e  GRUPXS i n t e r f a c e  

d a t a  se t  i f  made t h i s  r u n  would n o t  be  s a v e d .  The c a r d s  shown d e f i n e  

t h i s  d a t a  set  as a n o n - l a b e l e d  9 = t r a c k  b i n a r y  tape .  I f  t h e  GRUPXS 

i n t e r f a c e  d a t a  se t  had p r e v i o u s l y  been  w r i t t r n  and s a v e d  on a d i s k ,  

t h e  c a r d s  might  have  t h e  f o l l o w i n g  forms, where  d i s k  i s  u s e d ,  n o t  

g e n e r a l - l y  a v a i l a b  1.e 

//GO.FTllFOOl DD UNCT=231~,VOLlJMB-SER=ZX1111,DISP=(SHR,KE~P),  

/ /  DCB=(RECFM=VBS,lJRECL=X,BLKSL%E=3500,BUFNO=~)7 
/ /  DSNAME=TBF.GE.MACROS.X17GK 
Here t-he d a t a  s e i  r e s i d e s  on a 2314 d i s k  u n i t ,  number ZX1111, and 

t h e  d a t a  se t  name i s  as shown on t h e  l a s t  c a r d .  i f  a GKUPX f i l e  

i s  g e n e r a t e d  i n  t h e  r u n  and i s  t o  b e  s a v e d ,  i t  g e n e r a l l y  w i l l  b e  a 

magne t i c  t a p e .  

(6 ) ,  ( 7 )  Any c a r d s  i n c l u d e d  h e r e  are  o p t i o n a l  I They i d e n t i f y  l o g i c a l  

110 u n i t  numbers t h a t  supplement  t h o s e  d e f i n e d  i n  t h e  c a t a l o g u e d  

p r o c e d u r e  ( F i g u r e  C - 4 ) .  

( 6 )  T h i s  p a i r  o f  c a r d s  i s  o p t i o n a l .  They d e s c r i b e  a d a t a  s e t ,  l o g i c a l  4, 

as a m a g n e t i c  t a p e  which i s  w r i t t e n  by VENTURE ( u s e r  o p t i o n )  a t  t h e  

end  o f  a run.  Lf w r i i t e n ,  t h i s  data se i  w i l l  c o n t a i n  f o r m a t t e d  d a t a  

d e s c r i b e d  i n  S e c t i o n  204.a 

as a non- l abe led  I - t r a c k  BCD t a p e ,  800 BPI,  w e n  p a r i t y ,  e a c h  l o g i c a l  

r e c o r d s  80 c h a r a c t e r s  l o n g ,  b l o c k e d  a t  3200 c h a r a c t e r s  p e r  b l o c k  

( a c t u a l  r e c o r d  l e n g t h ) .  

The c a r d s  shown d e f i n e  t h i s  d a t a  s e t  

( 7 )  L o g i c a l  u n i t  niiraber 16  i s  r e s e r v e d  t o  c o n t a i n  d a t a  f o r  res tar t ,  t h e  

KSTRTR f i l e .  This  d a t a  s e t  i s  r e q u i r e d  i f  the restart d a t a  i s  t o  be 

w r i t t e n  o r  r e a d  f o r  a restart c a s e  ( u s e r  oplions). T h i s  p a i r  o f  c a r d s  

d e f i n e s  t h i s  unit as a 9 - t r a c k  b i n a r y  t a p e  which i t  g e n e r a l l y  will b e .  

a. L f  niore t h a n  one  s t a c k e d  case 2s b e i n g  r u n ,  t h i s  d a t a  would o n l y  b e  
saved  f o r  the l a s t  case. 
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(8) No b lank  cards are a l lowed  i n  t h e  input: stream ( e x c e p t  i n  t h e  i n p u t  

d a t a  d e c k s ) .  The b l a n k s  shown h e r e  are f o r  c l a r i t y  only.  

(11) A c a r d  w i t h  ENDINPUT, punched i n  columns 1-8, i s  r e q u i r e d  f o l l o w i n g  

the i n p u t  d a t a  f o r  each i n p u t  p r o c e s s o r ,  i n c l u d i n g  t h a t  fo r  the s t a n -  
c a r d  i n p u t  p r o c e z -  Lhor e 

Prob lem-Dependent Paramete il rs 

C e r t a i n  pa rame te r s  s p e c i f y i n g  d i s k  s p a c e  and b l o c k  s i z e  ( i n  b y t e s )  

which a p p e a r  on t h e  c a r d s  d e f i n i n g  l o g i c a l  d a t a  se ts  are problem dependent .  

These parameters are shown i n  N B L ,  N B 2 ,  BI., R2, NX, NS, and N1 

through N 1 5  i n  t he  c a t a l o g u e d  p r o c e d u r e ,  Figure.  C - 4 .  They are s p e c i f i e d  

at  r u n  t i m e  by a s s i g n i n g  Values,  ( 3 )  i n  F igure  c-l* 
R l  and 8 2  a re  the s i z e  ( I - i r n i t c d  t o  32000) o f  c o r e  mizrnory b locks  i n t o  

which d a t a  a r e  r e a d .  

r e q u e s t s  r e q u i r e d  t o  r ead  a p a r t i c u l a r  d a t a  set:. 

s i z e  of t h e  d a t a  sets which are  r e a d  m o s ~  o f t e n  d u r i n g  t h e  i.t:erati.-ve 

p a r t  of t h e  c a l c u l a t i o n .  NBI. and NB2 ( p e r m i s s i b l e  values  of I o r  2 )  

s p e c i f y  t h e  number o f  b u f f e r s  (number of blocks o r  s i z e  B.1 o r  B2) of  
core memory i n t o  which data will b e  s t o r e d .  

T h e  l a r g e r  t h i s  b l o c k  size t h e  fewer  are t h e  I f 0  

B2 d e f i n e s  t h e  bioclc 

'We recommend s p e c i f y i n g  N B 1  = 1, NB2 = 1, Bl. = 3520, and B2 = 32000, 

NX = 2 ,  NS = 50 ,  and N1. = 100.  

p r a c t i c a l  problems.  

minimizes  core memory r e q u i r e m e n t s .  

d e s i r a b l e  t o  set  B2 t o  something small.er than  32000 t o  minimize co re  

memory. 

Values for paramete r s  N 2  t h rough  N l . 5  a.re. c a l c u l a t e d  as f o l l o w s  : 

These v a l u e s  w1.1 be  adequa te  f o r  m o s t  

We f i n d  advan tage  .in u s i n g  o r ~ l y  one  b u f f e r  whicll 

For  s m a l l  prob:l.ems, i t  may be 
.... .?. . 

It i s  recommended t h a t  81 arid B2 n o t  be s e t  smaller than. 3 5 2 0 .  
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L e t  C = number of columns i n  t h e  mesh 

R = number of rows i n  t h e  mesh 

P = number of p l a n e s  i n  t h e  mesh 

G = number of energy groups 

Z = number of zones 

and NN = I ( l lO+l . lL)N]/B -1- 1 

where NN is t h e  v a l u e  a s s i g n e d  t o  N2 through Nl6, and L,  N ,  and B are 

g iven  i n  F i g u r e  6-2. A v a l u e  of 100 i s  recommended f o r  N 1 .  

I f  NN t i m e s  B exceeds about  14,500,000 ( u n l i k e l y  e x c e p t  f o r  N 3  and 

N 5 ) ,  s p e c i a l  c l e a n  d i s k s  must b e  used f o r  t h e  d a t a  set; i n  t h i s  case, con- 

tact  t h e  a u t h o r s  f o r  d e t a i l s .  

For  a "plane-stored" non-hexagonal p r o h l e n  w l . t h  48 columns, 22-rows I 

16 p l a n e s ,  and 6 groups,  N2-257, N3=1210, N4=310, N5=113, N6=10, N7=5, 

N8=5, N9=100, Nk0=43, N1.1.=54, N12=1, N 1 3 = 1 ,  N14-I. N 1 5 = 1 ,  and N16=I. 

Larger  v a l u e s  could b e  used f o r  t h e s e  p a r a m e t e r s ,  b u t  computer r e s o u r c e s  

w i l l  b e  was ted ,  and r u n  c o s t s  l i k e l y  i n c r e a s e d .  

Est imated T i m e  --. ...I..I____ 

rhe c e n t r a l  p r o c e s s o r  (CP) t i m e  and w a l l  c l o c k  times ( s e e  Job Card 

below) depend upon t h e  problem s i z e  and t h e  d a t a  h a n d l i n g  mode of  calcu-  

l a t i o n .  Large " f a s t - r e a c t o r  , I '  th ree-d imens iona l  problems running  i n  the 

' 'plane--stored" mode arc s o l v e d  a t  a rate OL about  100 space-energy p o i n t s  

p e r  second CP t i m e .  Wall c l o c k  time i s  roughly a f a c t o r  of 6 t o  10 more 

t h a n  t h e  C:P t i m e  f o r  problems running  i n  t h e  "plane-stored" mode when 

o t h e r  j o b s  are running c o n c u r r e n t l y  i n  t h e  360/91 computes. 

group problem (101,376 s p a c e  energy p o i n t s )  w i t h  4 i n n e r ,  27 o u t e r  i n t e r a -  

t i o n s  r e q u i r e d  12.5 minutes  CP t i m e  and 86 minutes  wall c l o c k  time. A 

4 8 x 2 2 ~ 1 6 ~ 1 7  group problem (287,232 space  energy p o i n t s )  r e q u i r e d  50 minutes  

CP t ime and 7 h o u r s  w a l l  c l o c k  t i m e .  R e f l e c t e d  l l thermal - reac tor"  problems 

u s u a l l y  r e q u i r e  somewhat l o n g e r  t o  s o l v e .  

A 4 8 x 2 2 ~ 1 6 ~ 6  

For problems which rim i n  t h e  " a l l - s t o r e d "  mode o r  "mesh-stored" mode, 

t h e  w a l l  c l o c k  t i m e  i s  much less relat ive t o  t h e  CP t i m e .  
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Figure  C-2. Determining t h e  Values of L ,  N ,  and B 

N2 8CR 
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Normally. 
I f  pe r tu rb  a t  ion  c a l c u l a t i o n s  
are t o  be done. 

S e t  N3=1 except  f o r  t h e  "m- 
stored"  mode (see Sec t ion  103), 
o r  if p e r t u r b a t i o n  c a l c u l a t i o n s  
are t o  b e  done. 
Non-hexagonal geometry. 
Hexagonal geometry. 

S e t  N4=1 except f o r  f i x e d  source 
problems . 
Fixed source  by po in t  and group. 
Fixed source  by zone and group. 

S e t  N5-1  f o r  t he  "row-stored" 
mode only.  
Won-hexagonal geometry. 
Hexagonal geometry. 

WB B 1  

PG 
G 

B 1  

B2 -. .. .. PG 

S e t  N6=10. 

N 7  I 8CR P B 2  

P B 2  

P 

P 
PG 

Normally. 
If i n i t i a l  f l u x  guess is t o  be 
read from RTFLUX i n t e r f a c e  and 
t o  be  emanded. 

N 1 O  8CR 
B 1  

I 
B 1  

Set N 1 2 = 1 .  

S e t  N13=1 unless  the  power den- 
s i t y  i n t e r f a c e  PWDLNT w i l l  b e  
w r i t t e n .  
For w r i t i n g  the  i n t e r f a c e  
PWDINT. 

S e t  N14=1 unless the  P calcula-  1 t i o n  i s  t o  b e  done. 
For the  P, c a l cu la t ion :  

P B1 

PG B 1  
N 14 

Set N15=1Q. 

Normally N16-1 
If t h e  s t anda rd  f lux i n t e r f a c e s  
RTFLUX and/or  ATFLLJX are t o  be 
w r i t t e n  on s c r a t c h  __ -----c-- d i s k .  ---- 

B 1  PG 
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J o b  Subruission Form 

A j o b  submiss ion  form must accompany each j o b  s u b m i t t e d .  Th i s  form 

is  e i t h e r  s e n t  t o  the d i s p a t c h e r  w i t h  t h e  j o b  deck ,  o r  c a l l e d  i n  t o  t h e  

d i s p a t c h e r  f o r  j o b s  submi t t ed  from remote t e r m i n a l s .  (See __ S e r v i c e s  _ -  below 

f o r  phone numbers, e tc . )  

might go w i t l t  ths j o b  shown i n  F i g u r e  C-1. 

F i g u r e  C-3  shows a job  submission f o m  t h a t  

A t  t h e  t o p  o f  t h e  c a r d  f o l l o w i n g  3601 is  w r i t t e n  t h e  j o b  c lass  ( s e e  n o t e  

(1) above) and t h e  number of  b y t e s  of c o r e  s t o r a g e  r e q u i r e d  ( s e e  n o t e  ( 4 )  

above) f o r  t h e  j o b ;  f o r  i n s t a n c e ,  F-500K. The Job Number, Charge,  and 

Kee 1 Number 

F i l e  P r o t e c t  

7 o r  9 track 

Maximum Execut ion T i m e  are e x p l a i n e d  i n  n o t e  (1) above. The columns 

under TAPES REQUIRED are  d e s c r i b e d  as f o l l o w s  ( t h e r e  are  t h r e e  9 - t r a c k  

t a p e s  and two 7 - t r ack  t a p e s  a v a i l a b l e  on t h e  360/91) .  

Log No. - <The t a p e  l o g i c a l  number. The t apes  must be 

l i s t e d  h e r e  i n  t h e  same o r d e r  as t h e y  appea r  

i n  t h e  j o b  c o n t r o l  language.  Those over-  

r i d i n g  t h e  ones i n  t h e  cat  doglued p rocedure  

must b e  s p e c i f i e d  f i r s t  fo l lowed  by t h o s e  t h a t  

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

- The number a s s i g n e d  t o  t:he t a p e .  The POOL 

spec i f ies  t h a t  a f r e e  t a p e  i s  t o  b e  used.  I f  

a p r e v i o u s l y  checked-out t a p e  were t o  be used ,  

t h e  t a p e  number would b e  w r i t t e n  as shown f o r  

l o g i c a l  1 6  where NNNN i s  some number. 

S p e c i a l  Handling - A~iy  a p p r o p r i a t e  comment. 

Save - I f  checked,  t h e  t a p e  w i l l .  b e  saved .  

Saved R e e l  Number - I f  POOL and SAVE are w r i t t e n ,  t h e  t a p e  w i l l .  

b e  checked o u t  t o  t h e  u s e r  and t h e  r ee l  

number r eco rded  h e r e  by t h e  d i s p a t c h e r .  

... (Before mounting, a f t e r  dismounting)  If Y i s  

checked t h i s  m a n s  t h e  t a p e  cannot  b e  w r i t t e n  on. 

I f  N is checked, t h i s  means t h e  t a p e  can b e  

w r i t t e n  on. 

- Genera l ly  f o r m a t t e d  t a p e s  which may b e  r e a d  by 

ot i ler  computers t h a n  the IBM-360 are d e s i g n a t e d  

as 7 t r a c k .  Binary t a p e s  are normally 9 t r a c k .  
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One mountable d i s k  is  r e q u i r e d  f o r  running VENTURE. 

and must b e  w r i t t e n  as shown i n  t h e  f i g u r e .  

It i s  numbered 2x2222 

I n  t h e  remarks columns, w r i t e  I / O  Bound and show t h e  expec ted  w a l l .  

c l o c k  t i m e .  

mode, t h i s  is not. n e c e s s a r y .  

For s m a l l  problems running  i n  the " a l l  s tored ' '  o r  "mesh-stored'' 

Comments 

For  t h e  u s e r  who i s  n o t  f a m i l i a r  w i t h  running  VENTURE on t h e  IBM-360/91 

computer a t  ORNI,, some c o m e n t s  may b e  useful- .  

S e v e r a l  j o b s  norma1.l-y are execut ing  i n  t h e  computer at t h e  s a m e  t i m e ,  

each competing f o r  t h e  computer r e s o u r c e s .  

t h a t  any j o b  not  r e q u i r e  more of t h e  computer r e s o u r c e s  rhan necessary .  

That i s  why t h e  r e g i o n  s i z e  of  a j o b  should  be as s m a l l  as p o s s i b l e  ( s e e  

n o t e  (4) above). 

( s e e  Problem-Dependent Parameters  above) should  n o t  be l a r g e r  t h a n  

n e c e s s a r y .  

Because of t h i s ,  i t  i s  i.mportant 

Likewise,  t h a t  i s  why t h e  parameters  N2 through N15 

Probably,  t h e  b e s t  o v e r a l l  s t r a t e g y  f o r  running  l a r g e  three-dimensional  

problems on t h e  360/91 w i t h  VENTURI?. is t o  s p e c i f y  t h e  s i z e  of t h e  data  

c o n t a i n e r  a r r a y  such t h a t  t h e  code runs i n  t h e  "plane-stored" mode, s t o r i n g  

about  t h r e e  t o  f i v e  p l a n e s  of d a t a  ( s e e  S e c t i o n  103: Memry Requirements) ,  

Normally, t h e  number of i n n e r  i t e r a t i o n s  is a l s o  t h e  number of p1.anes 

s t o r e d .  I n  t h i s  mode, 1 /0  i s  minimized d u r i n g  t h e  i te ra t : i .ve  procedure 

and t h e  c o r e  r e g i o n  s i z e  i s  s m a l l  enough so t h a t  o t h e r  jobs  may run 

c o n c u r r e n t l y .  For a problem w i t h  48 col.ums, 22 rows, and 1 6  p l a n e s ,  t h e  

d a t a  c o n t a i n e r  a r r a y  of 66000 allows 4 p l a n e s  of d a t a  t o  b e  s t o r e d  and t h e  

r e g i o n  s i z e  i s  about  500K. 
o f  t h e  number of energy  groups.)  

s t o r e d  r e q u i r e s  a n  a r r a y  s i z e  of 120,000 and a r e g i o n  s i z e  o f  about  

750K; and 50x50~50  mesh problem r e q u i r e d  110,000 work a r r a y  s i z e  t o  

s t o r e  3 p l a n e s  of d a t a  r e q u i r i n g  a r e g i o n  s i z e  of about  710K b y t e s .  

(The number of p l a n e s  s t o r e d  i s  independent  

A 48x44~32 mesh problem with 4 p l a n e s  
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W e  sugges t  t h a t  a new use r  of VENTURE run a f i r s t  case f o r  only one 

i t e r a t i o n  ( s p e c i f i e d  by inpu t )  t o  n o t  only check out  t h e  job  c o n t r o l  

cards ,  i npu t  da t a ,  etc. ,  b u t  a l s o  t o  o b t a i n  t h e  con ta ine r  d a t a  a r r a y  

requirements for  a l l  modes and t h e  reg ion  s i z e  requirements .  This  f i r s t  

run should b e  made t o  do a l l  t h e  c a l c u l a t i o n s  ( i . e . ,  neutron balance)  

t h a t  t h e  product ion run  w i l l  do. 

Catalogued Procedure 

F igure  C-4 shows the catalogued job  c o n t r o l  cards  that are used by 

a VENTURE run i n  a d d i t i o n  t o  those  included i n  t h e  inpu t  streams. 

Se rv ices  

Given h e r e  i s  information which might be requi red  by a use r .  For 

a complete d e s c r i p t i o n  of t h e  OWL computer f a c i l i t e s  (hardware and 

sof tware)  r e f e r  t o  t h e  ORNL Programmers Manual. 

A. The Dispatcher  (Telephone Number 3-0205) 

The Dispatcher  of t h e  ORNL Computing Center i s  t h e  primary i n t e r f a c e  

between t h e  Center and t h e  pub l i c ,  and i n  t h i s  sense  i s  t h e  " r ecep t ion i s t "  

f o r  t h e  Center ,  answering and rou t ing  phone c a l l s ,  answering ques t ions  

concerning t h e  Computing Center and d i r e c t i n g  customers t o  s p e c i f i c  

i nd iv idua l s .  Other d u t i e s  are: 

a. Logging jobs i n t o  and out  of t h e  Computer Center.  

b .  Prepar ing  and record ing  t h e  recorded s t a t u s  r e p o r t  p e r i o d i c a l l y .  

c. Coordinat ing t h e  a c t i v i t i e s  of any c o u r i e r s  ass igned t o  t h e  

Center.  

d .  I s su ing  t h e  Jobname i n i t i a l s  which are requi red  f o r  u se  of t h e  

IBM/360 computers. 
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// 
/ / F T 4 8 P 0 0 1  D D  U N i I = S Y S D A , S P A C E =  ( E B I ,  ( & N 1 , 2 ) ) ,  
// 
/ / P T 4 9 P 0 0 1  DD U N I l = S Y j D a , S P B C E = 1 6 B 1 ,  ( G N l l ) ) ,  
// 
//FT50FO01 DD U N L I - 3 Y S D A . b P A C E ~  (EB1, (&N1,2)), 
// 
/ / F T 5  1 P o o 1  ED U W l T = S Y S D A . S P A C E =  (EB1, ( G N S , ? ) ) ,  
// 
/ / P T 5 2 F 0 0 1  D C  U N I T = S Y S u A , s P A C E =  ( E B I ,  (GNS, I ) ) ,  
// 
/ / P T 5 3 P 0 0 1  L’C U N I T = S Y S D A , b P A C E =  ( E B I ,  ( G N S ,  l ) ) ,  
// 
//VEMTUREX P E N D  

DCB= [ t cECr  M=VMST , L R E C L = X  , B U F  NO=GNB 1 ,  B L K S I Z E Z E B l )  

DLB= (rtOCiPt=V i3ST , L R ECL=X, B U P  NO=& N B  1, BLX SI 2 E=& B ‘i 1 

CCi3= (iioCYfl= V dST , LA ECL=X ,, BU F NO=GNB 1 , BLK SI  2 E =G B 1 ) 

D i L I -  IFil;C&?M=YB ST, LRECL= X ,  B UP NO=&IB 1, BLKSIZ E=€ E 11 

DCB= /hECPfi=V bST, L R E C L = X ,  B U F N O = S N B  I ,  BLKSIZE=EB1) 

DCB= ( t t L C F t l = Y  b S T ,  L R E C L = X , B U F N O =  GNBf , B L K S l Z E r E B I )  

DCB= (BECYM= VdST , LR ECL=X, B UFNO=GNB 1 ,  BLK SXZ E = I ~  3 1)  



c-19 

e. 

€. 

F i l l i n g  ou t  Job Submission Forms c a l l e d  i n  by te lephone.  

Routing or  mai l ing job  ou tpu t ,  which may inc lude  magnetic tapes ,  

t o  remote use r s .  

B. Charge Numbers 

A l l  services performed by t h e  ORNL, Computing Center are b i l l e d  t o  a 
f i ve -d ig i t  Charge Number (sometimes c a l l e d  a "request"  number) . 
numbers are ass igned  by t h e  Tape L i b r a r i a n  ( te lephone number 3-1214) 

upon r eques t  of i n d i v i d u a l  users .  With each reques t  f o r  a Charge number, 

each r eques to r  must be prepared t o  supply a v a l i d  departmental  account.  

B i l l i n g  f o r  s e r v i c e s  i s  done on a monthly b a s i s  by Central. Accounting. 

Monthly charges are made t o  each departmental  account;  thus ,  i f  i t  i s  

des i r ed  t o  keep more d e t a i l e d  accounts  of computing c o s t s ,  s e v e r a l  Charge 

numbers (perhaps one f o r  each p r o j e c t )  should b e  opened a g a i n s t  t h e  one 

departmental  account.  As many Charge numbers as des i r ed  may be opened. 

Charge numbers may b e  c losed  (discont inued)  a t  any t i m e  by t h e  user  who 

opened i t  (o r  h i s  superv is ion)  by n o t i f y i n g  t h e  Dispatcher;  however, t he  

c l o s i n g  w i l l  n o t  become e f f e c t i v e  u n t i l  t h e  end of t h e  month dur ing  which 

n o t i f i c a t i o n  w a s  rece ived .  

These 

C .  Programming Assis tance 

The Systems Programming Department main ta ins  a Programmring Assis tance 

group ( te lephone number 3-1177) who are a v a i l a b l e  f o r  consu l t a t ion  and 

trouble-shooting. The people manning t h i s  o f f i c e  are  experienced programmers 

and can answer most ques t ions  concerning e r r o r  messages, compilers ,  ope ra t ing  

systems, e tc .  They cannot wri te  programs €or  use r s  bu t  are t h e r e  f o r  

advice  and counsel .  Regular o f f i c e  hours  are kept  (8:30-11:30 a.m.; 

12:30-4:00 p.m.). However, f o r  u sua l  problems i n  running codes,  t h e  

au thors  should normally be  contac ted .  

D. Tape  L i b r a r i a n  (Telephone Number 3-1214)  

Many u s e r s  o f  t h e  computers w i l l  wish t o  save information on magnetic 

- t a p e  f o r  varying pe r iods  of t i m e .  Each user  i s  r e spons ib l e  f o r  so no t i fy ing  

t h e  Computing Center via h i s  Job Submission Form i f  a magnetic t a p e  i s  
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t o  b e  saved. 

r e c o r d s  a s s o c i a t e d  w i t h  saved magnet ic  t a p e s .  Among t h e  d u t i e s  of t h e  

Tape L i b r a r i a n  are: 

The Tape Librari .an i s  r e s p o n s i b l e  f o r  m a i n t a i n i n g  a p p r o p r i a t e  

a. Updating, on a d a i l y  b a s i s ,  t h e  r e c o r d s  of t a p e s  i1Ssigne.d t o  

u s e r s  

P r o c e s s i n g  t h o s e  tapes  which are r e t u r n e d  t o  the p o o l ,  i n c l u d i n g  

n e c e s s a r y  r e v i s i o n s  t o  the. r e c o r d s .  

Publ ishi .ng a bi-weekly r e p o r t  of all t a p e s  a s s i g n e d  and sending  

c o p i e s  t o  a l l  u s e r s .  

a s s i g n e d  t o  him and r e q u e s t e d  t o  inform t h e  l i b r a r i a n  of any 

t a p e s  which can b e  r e t u r n e d  t o  t h e  pool .  

b .  

c .  

Each user  i s  n o t i f i e d  of t h o s e  t a p e s  

d. F i l l i n g  o t h e r  requests f o r  t a p e s  o r  . information p e r t a i n i n g  t o  

same. 

I s s u i n g  j o b  r e q u e s t  numbers ( t h e  5 - d i g i t  number which. is  used 

f o r  b i l l i n g  and which must be on a l l  work submi t ted  t o  t h e  

Coniputing Center ,  and m a i n t a i n i n g  a s s o c i a t e d  r e c o r d s  

e. 

Note: The Tapt? L i b r a r i a n  always has a r e c e n t  l i s t i n g  of  a s s i g n e d  

t a p e s  l i s t e d  b o t h  i n  o r d e r  of t a p e  number and i n  a lphahe . t ica1  

o r d e r  of  u s e r .  However, t h e  a s s i g n e e  always has  t h e  burden 

of keeping r e c o r d s  on tape c o n t e n t s .  

_I__- 

E. Recorded S t a t u s  Message 

The Computing Center  n ia in ta ins  an automat i c  t e lephonc  answering 

d e v i c e  which has a recorded  message d e s c r i b i n g  t h e  c u r r e n t  s t a t u s  of 

t h e  equipment,  what j o b s  are c u r r e n t l y  b e i n g  r u n ,  s t a t u s  o f  t h e  work 

backlog,  and o t h e r  pieces of i n f o r m a t i o n  deemed t o  b e  of i n t e r e s t  t o  

u s e r s  o f  Csniputitag Center  s e r v i c e s .  

throughout  t h e  day. The te lephone  number of t h e  d e v i c e  i s  3-1817. 

Messages are updated p e r i o d i c a l l y  
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Running VENTURE on t h e  IBM-360/195 ------- 

The fo l lowing  d i s c u s s i o n  d e s c r i b e s  how t o  r u n  t h c  VENTURE code on 
t h e  lBM-360/195 l o c a t e d  at the ORDGP s i te .  The u s e r  s h o u l d  unders tand  

t h e  f i r s t  part: of t h i s  s e c t i o n  s i n c e  t h e  only  d i f f e r e n c e s  from running 
on t h e  IBM-360/91 l o c a t e d  a t  the ORNL s i t e  w i l l  b e  d i s c u s s e d  llcre. 

computers are o p e r a t e d  by t h e  Computer Sciences D i v i s i o n  (not  under OKNL). 

Both 

Job C o n t r o l  Cards 

F i g u r e  C-5 shows a t y p i c a l  set of j ob  c o n t r o l  c a r d s  r e q u i r e d .  Reference 

s h o u l d  b e  made t o  F i g u r e  C-1 and t h e  cor responding  n o t e s  s i n c e  o n l y  d i f f e r -  

ences  are d i s c u s s e d  h e r e .  

F i g u r e  6-5. 

Reference  numbers refer t o  n o t e  numbers i n  

TIiis c a r d  i s  r e q u i r e d  f o r  a j o b  stream s u p p l i e d  from a t e r m i n a l  

connected t o  t h e  360/91. I t  causes  t h e  j o b  s t r e a m  t o  b e  passed 

on t o  t h e  PDP-10 computer (REMOTE5). (Note t h a t  t h e  .REMOTE5 begins  

in column 14 . )  This c a r d  would n o t  be used i f  rhe t e r m i n a l  i s  

connected w i t h  t h e  PDP-10. 

This card  causes  t h e  job  stream t o  be passed on t o  t h e  360/195 by  

t h e  PDP-10. ( N e i t h e r  of t h e s e  f i r s t  two c a r d s  is r e q u i r e d  i.f t h e  

t e r m i n a l  i s  connected d i r e c t l y  w i t h  t h e  360/195.) 

Note t h e  d i . f f e r e n c e s  between this card  and t h e  one i n  F igure  1.05-1. 

Here t h e  e i g h t  c h a r a c t e r  job  number is ZZZ(un1ess o t h e r w i s e  a s s i g n e d ) ,  

UID(user  i d e n t i f i c a t i . o n ) ,  NN(any two d i g i t  i n t e g e r ) .  The GWAKG 

number i.s t h e  same as t h a t  used on t h e  360 /91  a t  X-1.0, and columns 

25-44 conta3.n t h e  same i n f o r m a t i o n  a s  columns 38-57 shown i n  F igure  

105-1. A l l  VENTURE runs on t h e  360/195 are CLASS=A. 

The BBB h e r e  has  t h e  same meaning as d e s c r i b e d  i n  Figure 105-I., b u t  

is now l i m i t e d  t o  a maxinium of 1650. 

The only v a r i a b l e  on t h i s  c a r d  i s  TT lqhich is  t h e  l i m i t  on l i n e s  of 

p r i n t e d  o u t p u t  i n  thousands ,  i . e .  50 would a l l o w  50,000 l i n e s  t o  

be p r i n t e d .  The j o b  i s  t e r m i n a t e d  i f  t h e  number of l i n e s  excce.ds 

t h e  I.imit . 
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, -  

(6 )  The v a r i a b l e  MM on t h i s  c a r d  i s  t h e  CPU t i m e  allowed f o r  t h e  run i n  

minutes ,  and i f  exceeded, t h e  j o b  i s  te rmina ted  by t h e  o p e r a t i n g  

system. Note t h a t  t h e  360/195 CPU is about  twice  as f a s t  as t h e  

3 6 0 / 9 1  CPU. This  s h o u l d  be c o n s i d e r e d  when s p e c i f y i n g  any t i m e  

l i m i t s  i n  t h e  d r i v e r  i n p u t  o r  t h e  VENTURE i n p u t .  

( 7 )  The x x x h 7 2  (on 2 c a r d s )  is changed from 2 x 2 2 2 2 .  

(8) There are two d i f f e r e n c e s  i n  t a p e  DD c a r d s .  

(A) The v a r i a b l e  TAPENO i n  t h e  VOLUME=SER=TAPENO f i e l d  is d i f f e r e n t  

For  t h e  360/195, TAPENO i s  t h e  i d e n t i f y i n g  number on tht- t a p e .  

Where VOLUl~IC=SEK=Il  would b e  s p e c i f i e d  f o r  t h e  360/91, 

VOLUME=SER=X12345 o r  VOLUME=SER=012345 mighr_ be s p e c i f i e d  f o r  

t h e  360/195. This means t h a t  t h e  user w i l l  have t o  check o u t  
any new t a p e s  i n  advance o f  s u b m i t t i n g  a j o b  r e q u i r i n g  a new 

t a p e .  (See Opera t ing  Procedure and S e r v i c e s  - - below) 

(B) I f  a t a p e  i s  t o  b e  w r i t t e n ,  t h e  v a r i a b l e  W J  i n  DISP-WWW f i e l d  

must- b e  NEW. OLD is  used t o  mean t o  p r o t e c t  a t a p e ,  s o  when 

s p e c i f i e d ,  t h e  r i n g  w i l l  be  removed from t h e  t a p e  b e f o r e  

mounting so t h a t  i t  cannot  be w r i t t e n .  ( I W  is  always OLD 

f o r  t h e  360/91. ) 

I f  any NN t i m e s  B ( s e e  Problem Dependent Parameters ,  page c-9) ex- 
ceeds about  25,000,000 ( u n l i k e l y  e x c e p t  f o r  N3 and N 5 ) ,  s p e c i a l  c l e a n  

d i s k s  mus t  b e  used for t h e  d a t a  set; i n  t h i s  case, c o n t a c t  the a u t h o r s  f o r  

d e t a i l s .  

Opera t ing  Procedure and Services 

A l l  services f o r  t h e  3601195 have t h e  te lephone  e x t e n s i o n  3-3625. 

T h e  o p e r a t o r s  are informed by t h e  computer about  t a p e s  and d i s k s  

t o  be mounted, and t h e  r e g i o n  s i z e  f o r  a j o b ,  so no job card  i s  needed 

as f o r  the 360/91. The o p e r a t o r s  do n o t  have access t o  t h e  CPU t i m e  

t h a t  a j o b  h a s  used;  and,  t h e r e f o r e ,  t h e  only  i n f o r m a t i o n  they w i l l  need 

f o r  a job  from t h e  u s e r  i s  t h e  expec ted  c l o c k  t i m e  a j o b  w i l l  r e q u i r e .  

A f t e r  a j o b  h a s  been s u b m i t t e d ,  t h e  u s e r  should  c a l l  t h e  s h i f t  s u p e r v i s o r  

and g i v e  t h e  job  number and t h e  expec ted  c lock  t i m e ,  
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Tapes may be checked o u t  by callFng t h e  Tape L i b r a r i a n .  The i n f o r m a t i o n  

r equ i . r ed  i s  a name f o r  t h e  t a p e ,  t h e  number of t r a c k s  ( 7  o r  9 ) ,  and t h e  

u s e r ' s  c h a r g e  number. Always s p e c i f y  - Noli-Labeled .. . . . . . ....- f o r  t h e  t ape  l a b e l .  

The u s e r  s h o u l d  keep  a l o g  of  the t a p e  name, u s e ,  and number. Each tape 

a t  OKDGP is a s s i g n e d  a s i x - d i g i t  number. (Tapes a t  ORNL have an X as t h e  

f irst  c h a r a c t e r  of t h e  t a p e  number.) Any t a p e s  :i.n t h e  ORNI, library that  

are t o  b e  used  on t h e  360/195 a t  ORDGP should b e  s e n t  t o  the 360/195 t a p e  

l i b r a r i a n  by so  i n s t r u c t i n g  the t a p e  l i b r a r i a n  a t  ORNL (telepho~zt? e x t e n -  

s i o n  3-1214). 

Arrangements  s h o u l d  be  made w i t h  t h e  Program C o n t r o l - T e c h n i c a l  

A p p l i c a t i o n s  Depar tment  t o  exnini-ne tlic o u t p u t  from j o b s ,  i n fo rm t h e  u s e r  

i f  r:hr j o b  f a i l e d ,  o r  t o  r e p o r t  numbers f r o m  t h e  o u t p u t ,  and t o  m a i l  {.he 

o u t p u t  t o  t h e  u s e r .  



c-2 5 
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Appendix D: LOCAL COMPUTER FACILITIES 

The p resen t  h a r h a r e  a t  the ORNL and OKGDP s i tes  are descr ibed  here. 

F i r s t ,  c u r r e n t  charge rates are l i s t e d .  

Approximate Local Computer Charge 

A f i x e d  rate schedule  is now i n  e f f e c t ,  s u b j e c t  t o  change, as shown 

i n  t h e  fo l lowing  list. 

users when appropr i a t e .  

These rates exclude c a p i t a l  cos t  recovery charged 

IBM 360/195 CPU Time (per hr.)  
IBM 370/155 CPU Time (per h r . )  
IBM 360/75 CPU Time (per hr.) 
IBM 360/91 CPU Tirile (per hr.) 
IBM 360/91, 360/195, 360/75, 370/155 
Input/output (per unit) 

IBM 360/91, 360/195, 360/75, 370/155 
(per line printed, per card punched) 

IBM 1401 CPU Time (per hr.) 
I B M  360/30 CPU Time (per hr.) 
PDP-10 Misc. Service (per h r . )  
PDP-10 Kilo Core (per hr.) 
PDP-10 Connect Time (per h r . )  
PDP-10 Disk Space (per block per m o n t h )  
Teleprocessing CPU (per hr.) 
Teleprocessing Connect Time (per hr.) 
TSO CPU Time (per hr.) 
TSO Disk Space (per track per month)  
TSO Connect Time ( p e r  hr.) 

-..___I__ B a s i c  Rate 
$250.00 

50 e 00 
30.00 

150.00 

.0004 

.0008 
25.00 
30.00 
40,OO 
15.00 
6.00 

110.00 
6.00 

30.00 
.75 

6.00 

.075 
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The Computer F a c i l i t y  a t  the ORNL ..l_ll____ S i t e  

Hardware 

The Computer f a c i l i t y  a t  the ORNL s i t e  c o n s i s t s  o f  a n  IBM 360/91 and 

and IBM 360/75 a c c e s s e d  th rough  a PDP-10. 

s h a r e d  which i s  n o t  i n d i c a t e d  i n  t h e  f o l l o w i n g  d i s c u s s i o n .  

The d i s c  s t o r a g e  d e v i c e s  are 

A b r i e f  d e s c r i p t i o n  of the equipment c o n f i g u r a t i o n  f o r  each computer 

s y s t e m  f o l l o w s .  Some of tile term used are d e f i n e d  here: 

a. b y t e  = 8 b i n a r y  d i g i t s  and i s  t h e  smallest a d d r e s s a b l e  u n i t  

of memory i n  t h e  T R M  computers 

b .  K = l.,024 

c. 11s = nanosecond = 1./1.,000,000,000 second 

a.  us = microsecond = 1 /1 ,000 ,000  second 

e .  b . p . i .  = b i t s  p e r  i n c h  

The 360/91 Computer System i s  iiiade up of t h e  following components: 

Q u a n t i t y  T E  

1 2091 

1 2395 

2 2301 

2 2314 

4 2401 

1 2501 

Desc r ip t ion -  

Central P r o c e s s i n g  Unit  ---- bas i c  c y c l e  t i m e  i s  60 n s .  

P r o c e s s o r  S to rage  - c a p a c i t y  of 2>048K b y t e s  of which 

1 , 5 3 6 K  i s  a v a i l a b l e  t o  t h e  u s e r .  

Driirii s t o r a g e  - used f o r  t h e  o p e r a t i n g  system; n o t  

a v a i l a b l e  t o  u s e r s .  

D i r e c t  Access S t o r a g e  F a c i l i t y  - a u x i l i a r y  s t o r a g e  

d e v i c e  with a t o t a l  c a p a c i t y  of 233,408,000 b y t e s  

s p r e a d  o v e r  e i g h t  removable d i s k  packs.  O n e  pack 

caii s t o r e  29 ,170 ,000  b y t e s .  

Magnetic Tape U n i t s  - two are % t r a c k  u n i t s  r e c o r d i n g  

d a t a  a t  800 b . p . i .  Two are 7 - t r ack  u n i t s  r e c o r d i n g  

d a t a  a t  200 b . p . i . ,  556 b . p . i . ,  o r  800 b . p . i .  

Card Reader - 1.,000 cards/mirnute. 
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Q u a n t i t y  TyPe D e s c r i p t i o n  

1 2540 Card Read/Punch - 1,000 c a r d s j m i n u t e  r e a d i n g ;  300 

cards /minute  punching. 

1403 P r i n t e r s  - 132 c h a r a c t e r s / l i n e ;  up t o  1 ,100  l i n e s /  

minute .  

2701 Data Adaptor - i n t e r f a c e s  t o  high-speed remote 

t e r m i n a l s .  (NRL, WSAO) 

- Various c o n t r o l  u n i t s  f o r  t h e  above a u x i l i a r y  s t o r a g e  

and i n p u t / o u t p u t  d e v i c e s .  

The f a c i l i t y  is i l l u s t r a t e d  i n  F ig .  D-1. 

The 360/75 Computer System i s  made up  of t h e  f o l l o w i n g  components: 

Q u a n t i t y  Type 

1 2075 

2 2365 

2 2361 

1 2314 

8 2311 

5 2402 
and 
2403 

2540 

2520 

Des c r i p  t i o n  

C e n t r a l  P r o c e s s i n g  Unit  - b a s i c  c y c l e  t i m e  i s  200 ns. 

P r o c e s s o r  S t o r a g e  - t o t a l  c a p a c i t y  o f  512K b y t e s  with 

750 n s  access t i m e .  

Large Core S t o r a g e  - t o t a l  c a p a c i t y  of 2,048K b y t e s  

w i t h  average  of 4 ps access t i m e .  

Direct Access S t o r a g e  F a c i l i t y  - a u x i l i a r y  s t o r a g e  

o f  up t o  233,408,000 b y t e s  s p r e a d  o v e r  e i g h t  removable 

d i s k  packs.  One pack can s t o r e  29,170,000 b y t e s .  

Disk U n i t s  - a u x i l i a r y  s t o r a g e  of  7,250,000 b y t e s  on 

each u n i t .  

Magnetic Tape U n i t s  - t h r e e  are 9- t rack  units r e c o r d i n g  

d a t a  a t  800 b . p . i .  and two are 7- t rack  units r e c o r d i n g  

d a t a  a t  200 b .p .  i . ,  556 b .p .  i . ,  o r  800 b.p .i. 

Card Read/Punch - 1 , 0 0 0  cards /minute  r e a d i n g ,  300 

c a r d s / m i n u t e  punching. 

Card Punch - 500 cards /minute .  
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2a.F Quanti ty  

2 140 3 

3 2701 

1 2702 

- 

2321 1 

1 2914 

Descr ip t ion  

P r i n t e r s  -- 132 c h a r a c t e r s l l i n e ,  up t o  1,100 l i nes lminu te  

Data Adaptors - i n t e r f a c e s  t o  high-speed remote ter- 

minals .  (Y-12, ORIC,  NRL) 

Terminal Adaptor - i n t e r f a c e s  t o  low-speed remote 

terminals. 

Various c o n t r o l  u n i t s  f o r  t h e  above a u x i l i a r y  s to rage  

devices and inpu t /ou tpu t  devices .  

Data C e l l  Drive - a u x i l i a r y  s t o r a g e  o f  up t o  400,000,000 

by te s  spread  over t e n  removable d a t a  c e l l s .  One d a t a  

c e l l  can s t o r e  40,000,000 b y t e s .  

Switching Unit 

1 CCI-7012 Mult iplexor  (RECON system). 

1 Bolt-Beranek-Newman Data S e t  Control  Unit. 

'The f a c i l i t y  is i l l u s t r a t e d  i n  F ig .  D-2. 

The PDP-10 system is made up of the  fol lowing major components: 

Quant i ty  

l 

5 

3 

1 

1 

1 

2 

1 

14 

Type 

K A l O  

M A l O  

TU55 

C R l O  

CP 10 

LPl0C 

TU30A 

F m l O  

m02 

D e s  cr  i p  t ion  

Cent ra l  Processor  - b a s i c  cyc le  t i m e  is  200 nsec.  

16K bank core  m e m o r y ,  1 psec (36 b i t  word). 

DEC t a p e s .  

Card Reader, 1000 cardslminute .  

Card Punch, 200-365 cards  /minute. 

Line P r i n t e r ,  1000 l ines /minute .  

IBM - 9-track compatible tape .  

Swapping Disk; 2,204,000 by te s .  

Disk Pack Drive - 23,385,600 by te s  p e r  d r ive .  
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Quanti ty  Type Descr ip t ion  

1 D C l O  (2)  8 - l ine  Communication Groups (one with dial-up 

f e a t u r e .  

1 PDP-15/10 Computer f o r  communications c o n t r o l  ( 1 6 K  18 b i t  

words, b a s i c  cyc le  t i m e  is  800 nsec)  . 
4 PDP-15/10 Computers f o r  g raph ica l  CRT i n t e r a c t i o n .  

4 VT15 CRT Display Unit  

Software 

A HASP-MVT manager is used t o  supe rv i se  each of  t h e  computers. The 

U3M O S / 3 6 0  opera t ing  system wi th  ve r s ion  2 1  of  t h e  IBM FORTRAN L V  H-Level 

compiler and the  IBM l inkage  e d i t o r  are used. Data s t o r e d  i n  t h e  LCS on 

t h e  IBM-360/75 machine may b e  d i r e c t l y  s e l e c t e d  i n  t h e  same sense  as d a t a  

i s  addressable  i n  f a s t  memory. Even though t h e  cyc le  t i m e  o f  t h e  LCS is  

s low compared t o  t h a t  of t he  f a s t  core  ( 4  us vs 0.75 vs )  , w e  have found 

t h a t  problems using a l l  d a t a  s t o r e d  i n  the  LCS run only about  15% slower 

than they do using d a t a  s t o r e d  exc lus ive ly  i n  f a s t  core .  

Computer F a c i l i t y  U s e  

The IBM-360/91 and T.BM/360/75 computers are opera ted  under "MVT" 

multi- job tasking.  

A loaded machine language program is  s t o r e d  on a d i sk .  The program 

is  c a l l e d  i n t o  f a s t  core  wi th  con t ro l  cards  when a job i s  s t a r t e d  and 

once c o n t r o l  i s  t r a n s f e r r e d  t o  t he  program, i t  has  f u l l  c o n t r o l  u n t i l  

the  job  is  completed. The ope ra to r  has  no way of on-line con t ro l  over 

program i n s t r u c t i o n s  (o the r  than abor t ion ) .  Machine CP t i m e  used on any 

job is  a v a i l a b l e  f o r  programmed i n s t r u c t i o n s  t o  a l low some use r  con t ro l  

of machine ti= use.  A l t e r n a t i v e l y ,  a program nay b e  loaded f rom t h e  

vers ion  of t h e  code c o n s i s t i n g  of hex cards  f o r  each rou t ine ,  and t h e  

use r  may provide M)RTRAN o r  machine language subrout ines  which ove r r ide  

those on the  d isk .  Thus a use r  may e a s i l y  r ep lace  i n s t r u c t i o n s  wi th  
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o t h e r s  more a p p r o p r i a t e  t o  h i s  problem provided  t h e s e  a re  c a r e f u l l y  pre-  

s e n t e d  i n  a form c o n s i s t e n t  w i t h  t h e  rest of t h e  program. 

On P r e c i s i o n  

Although some c a l c u l a t i o n s  are done w i t h  4-byte words which g i v e  

r iear ly  7 decimal  d i g i t s  s i g n i f i c a n c e ,  most are done i n  "double p r e c i s i o n , "  

as f r e q u e n t l y  r e q u i r e d  t o  o b t a i n  s i g n i f i c a n t  r e s u l t s ,  u s i n g  8 b y t e s  which 

g i v e s  just o v e r  1 7  decimal  d i g i t s  s i g n i f i c a n c e .  The s i g n i f i c a n c e  i n d i -  

c a t e d  h e r e  is t h a t  c a r r i e d  i n  c a l c u l a t i o n s .  (There is a l s o  round-off 

from decimal. t o  b i n a r y  r e p r e s e n t a t i o n  which may cause  s imple  sums t o  

i n d i c a t e  g r e a t e r  loss  i n  s i g n i f i c a n c e  t h a n  a c t u a l l y  o c c u r s  i n  c a l c u l a -  

t i o n s . )  Mcmy c a l c u l a t i o n s  can b e  done q u i t e  a d e q u a t e l y  w i t h  less t h a n  

7 decimal  d i g i t s  s i g n i f i c a n c e ,  b u t  o f  t e n  s u b t r a c t i o n s  which cause  l o s s  

of several  d i g i t s  s i g n i f i c a n c e  produce poor  r e s u l t s .  One example of 

d i f f i c u l t y  i s  t h a t  which o c c u r s  when two i terate  sets of f l u x  v a l u e s  are 

t o  b e  e x t r a p o l a t e d ,  and t h i s  e x t r a p o l a t i o n  is based  on t h e  change i n  

v a l u e s .  Loss of  s i g n i f i c a n c e  i n  d i f f e r e n c e s  becomes s e r i o u s  even at: 

r e l a t i v e l y  s m a l l  l o s s  of  s i g n i f i c a n c e  i n  t h e  i n d i v i d u a l  v a l u e s .  It i s  

e s p e c i a l l y  bad because round-off is done a t  t h e  hexadecimal  number level  

on t h e  I B M  machines r a t h e r  t h a n  t h e  b i n a r y  number level. 

Hardware - 

T h e  computer f a c i l i t y  a t  t h e  ORDGP p l a n t  s i t e  c o n s i s t s  of a n  IBM-360/ 

195 pr imary computer d r i v e n  by a n  IBM-370/155. The equipment is i l l u s t r a t e d  

in F i g .  D-3. Not shown is  remote e n t r y  a v a i l a b l e  from t h e  OWL Computing 

Center .  

of s p a c e  reduces a v a i l a b i l i t y  t o  40 x .lo6 b y t e s ,  I O 7  s h o r t  words. 

The 3330 d i s c  u n i t s  have 10' b y t e  s t o r a g e  c a p a c i t y ,  b u t  d e d i c a t i o n  

Software 

An ASP-IIV'1' manager s u p e r v i s e s  t h e  i n t e r c o u p l e d  computers i n  a rnulti- 

t a s k i n g  mode a l lowing  several t a s k s  o r  j o b s  t o  be r e s i d e n t  s imul taneous ly  

and e x e c u t i o n  t o  pass  from one t o  a n o t h e r .  Each computer has  i t s  equiva- 

l e n t  of an  I B M  O S / 3 6 0  o p e r a t i n g  system. The IBM FORTRAN LV H-- level  ver- 

s j o n  2 1  compil-er and l i n k a g e  e d i t o r  are  used.  



. .- .. . 
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The Computer  Sciences Division Computet- Network 

F i g u r e  D-4 shows the network of computers p re sen t ly  i n  opera t ion  a t  

t h e  ORNL, ORGDP, and t h e  Y-12 sites,  which obsole tes  the connections shown 

i n  the previous f i g u r e s .  
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