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: i  . ._ 1.1 lNTRODUCTION 

The MORS"cl'4 Code System t a s  been i n  con t inuous  u s e  f o r  s e v e r a l  

y e a r s  now and h a s  subsequen t ly  undergone much r e v i s i o n .  I n  a d d i t i o n  t o  

t h i s ,  i ts  development h a s  cont inued;  and it:; a p p l i c a t i o n s  have expanded 

i n t o  new areas r e q u i r i p g  development of  a d d i t i o n a l  computer programs. 

Because t h e  documentation of  t h e  v d r i c u s  a o d u l e s  o f  MORSE is  s c a t t e r e d  

through several r e p o r t s  and because o f . t h e  numerous r e v i s i o n s  r e q u i r e d  

t o  g e t  t h i s  documentation up-to-dara f o r  t h e  c u r r e n t  v e r s i o n s  of r o u t i n e s ,  

i t  was decided t o  w r i c e  one c l m p i e t e  r e p o r t  d e s c r i b i n g  a l l  a s p e c t s  o f  

t h e  PURSE system and r e l a t e d  conguter  codes.  As might b e  expec ted ,  t h i s  

r e p o r t  draws h e a v i l y  from t h e  p rev ious  r e p o r t s .  A l l  i n f o r m a t i o n  necessa ry  

t o  use  t h e s e  ccdes is c o n s o l i d a t e d  i n t o  one r e p o r t .  There ;r2 s e c t i o n s  

Lon ta in ing  d e s c r i p t i o n s  of t h e  MORSE and PICTURE5 codes,  i npu t  d e s c r i p t i o n s ,  

sample problems, d e r i v a t i o n s  of t h e  p h y s i c a l  e q u a t i o n s  and e x p l a n a t i o n s  

o f  t h e  v a r i o u s  e r r o r  messages. This  r e p o r t  a t t e m p t s  t o  docu.;ler?t the 

IBX-360, UNIVAC-1108 and CDC-6600 v e r s i o n s  of MOXSE tlird i t s  a u x i l i a r y  

codes.  Most o p t i o n s  are a v a i l a b l e  on a l l  thr'i.2 machines, b u t  some are 

n o t  becausc one or more of t h e  machines does n o t  have some p a r t i c u l a r  

c a p a h i l i t v .  It is  expected t h a t  some of t h e  p a r t s  b e i n g  pub l i shed  now 

w i l l  be  expanded, i n  p a r t i c u l a r ,  t h e  semple problem rlotebook i n  P a r t  3 

w i l l  have a d d i t i o n a l  examples t o  i l l u s t r a t e  more of che o p t i o n s  a v a i l a b l e .  

A d d i t i o n a l  p a r t s  such as a manual f o r  DOMINO6 and a d e s c r i p t i o n  of t h e  

c o l l i s i o n  d e n s i t y  f iuence  estimator' which is i n c l u d e d  in the  basic 1lOF.SF. 

on t h e  UNTVAC machine w i l l  a l s o  be added. Because t i m e  was a t  a premium, 

no a t t e m p t  was made t o  update  f low c h a r t s  and inc lude  them. Users may 

refer t o  t h e  p rev ious  r e p o r t s  ( s e e  r e f s .  1-4 on page 1 . 2 - l ) ,  b u t  shou ld  

keep i n  mind t h a t  some of t h e  c h a r t s  are o u t  of d a t e .  
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This r e p o r t  w i l l  d e s c r i b e  only  t h e  MORSE w i t h  combina to r i a l  . "/ 
geometry (CG) and n o t  t h e  OSR-type geometr ies  which are no l o n g e r  

main ta ined  i n  MORSE. This d e c i s i o n  was made because  CG w i l l  hand le  

a l l  types  of geometr ies  e x p e d i t i o u s l y  and because i t  is  q u i t e  cumbersome 

t o  main ta in  m u l t i p l e  v e r s i o n s  of  a code as l a r g e  and compl ica ted  as 

MORSE. 
It is worth n o t i n g  a t  t h i s  p o i n t  t h a t  t h e  YORSE w i t h  combina to r i a l  

geornetry does  n o t  always prc?uce t h e  same randos  nuinter sequence when 

a j o b  is r e s t a r t e d  a t  some i n t e r m e d i a t e  p o i n t .  T h i s  r e s u l t s  from t h e  

f a c t  t h a t  t h i s  geometry package h a s  a "memory" - i .e .  i t  uses  a t a b l e  

look-up r a t h e r  than  a r e - c a l c u l a t i o n  when t h e  same pa th  is e n c o m t e r e d .  

All 05R-type geometr ies  c a l c u l a t e d  t h e  pa th  each  t i m e  and, t h e r e f o r e ,  

r epea ted  random number sequences.  

The fa rmat  of  t h i s  documentation is suck t h a t  updates ,  d e l e t i o n s  and 

a d d i t i o n s  should  be easil) done. 

because i t  c o n t a i n s  i t s  own t a b l e  of con ten r s  and r e f e r e n c e s  and i t s  pages 

a r e  numbered beg inn ing  w i t h  1. 

Each "pa r t "  i s  l i k e  a s e p a r a t e  r e p o r t  
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3.1 INTRODUCTION 

I n  o r d e r  t o  i l l u s t r a t e  t h e  u s e  of t h e  computer codes documented i n  

o t h e r  p a r t s  of t h i s  r e p o r t ,  a set  of sample problems i s  b e i n g  assembled. 

These problems should g i v e  p o t e n t i a l  u s e r s  some i n s i g h t  i n t o  t h e  v a r i o u s  

a p p l i c a t i o n s  of t h e s e  codes as  w e l l  as i n d i c a t i n g  how t o  set  up c e r t a i n  

t y p e s  of problems. 

a d d i t i o n a l  problems f r o 3  t i m e  t o  t i m e .  

This p a r t  of t h e  r e p o r t  w i l l  b e  supplemented w i t h  
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3.2 MOORSE Sample Problem #1 i (  
c 

The f a s t -neu t ron  f l u e n c e  a t  s e v e r a l  r a d i a l  d i s t a n c e s  is  c a l c u l a t e d  

by MORSE for a po in t ,  i s o t r o p i c ,  f i s s i o n  source  i n  a n  i n f i n i t e  medium of  

air. The a i r  w a s  assumed t o  be  made up of o n l y  oxygen and n i t r o g e n  wi th  

a to ta l  d e n s i t y  of 1.29 g/R. The combina to r i a l  geometry package (CG) 

w a s  used to descrLbc t h e  c o n c e n t r i c  s p h e r i c a l  s h e l l s  of a i r  su r round ing  

t h e  p o i n t  sou rce .  Although t h e  e n t i r e  medium was a i r ,  t h e  geometry medium 

numbers a l t e r n a t e  between each o f  t h e  s h e l l s  f o r  use w i t h  t h e  hour-dary- 

c r o s s i n g  esti- .nator. t  This e s t i m a t o r  r e q u i r e s  t h a t  each d e t e c t o r  l i e  on 

a boundary s e p a r a t i n g  two media. 

c a l c u l a t i o r i  were fo r  22 n e u t r o n  groups w i t h  f i v e  Legendre c o e f f i c i e n t s  

used for t h e  a n g u l a r  expansion. Only t h e  top  13 n e u t r o n  groups were 

analyzed.  The [.roup s t r u c t u r e  with t h e  cc r r e spond ing  f r a c t i o n  o f  p a r t i c l e s  

a i t t e d  i n  eacb grcup is  g iven  i n  Tab le  3.1. 

and path leng.-h s t r e t c h i n g  were a l s o  implemented. I n p u t  d a t a  i s  l i s t e d  

i n  Table 3.2. The o u t p u t  l i s t i n g  fo l lows .  

j 

The cross s e c t i o n s  for a i r  used i n  t h i s  

S ; ) i i t t i n g ,  Russian r o u l e t t e ,  

For t h i s  problem, t h c  s t anda rd  SOURCE is c s e d ,  and BKWR is  

modified co ca l l  SDATA and BDRYX d u r i n g  t h e  p a r t i c l e  walk. SDATA i s  a 

r o u t i n e  f o r  a n a l y s i s  of u n c o l l i d e d  f l u e n c e ,  and RDRYX is f o r  a n a l y s i s  

of al; boundary c r o s s i n g s  ( e q u i v a l e n t  t o  p a t h  l e n g t h / u n i t  volume). 

(See P a r t  4 ,  Sec t ion  4.6.4) 

. 

?See Part  4 ,  S e c t i o n  4 . 5 . 3 ,  pg. 4.5-28.  
\ c  

\ 
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Table 3.1. Fission Spectrum i n  14-Group Structure 

Croup No. Energy L i m i t s  (MeV) Fraction of Source Neutrons 

1 15.0-12.21 1.5579(-4) a 

2 12.21-10.0 8.9338 (-4) 

3 10.0-8.187 3.4 786 (- 3) 

4 8.187-6.36 1.3903(-2) 

5 6.36-4.966 3.4557(-2) 

6 4.966-4.066 3.504 7 (-2) 

7 4.066-3.012 1.0724 (-1) 

8 3.012-2.466 8, d963(-2) 

9 2.466-2.350 2.3186(.-?) 

10 2.350-1.827 1.2030 (- 1) 

11 1.827-1. I08 2.1803(-1) 

12 1.108-0.5502 1.9837( -i) 

13 0.5502-0.1111 1.4036 (-1) 

14 0.1111-0.3355 1.5489 ( -2)  

Read as 1.5579 x 10'~. a 

._ 
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Table 3.2. List ing of Input Cards for MRSE Sample Problem I1 

200 COO 10 1 13 0 22 2 2  0 0 5 1 0 
MORSE SAMPLE PROBLEM P O I N T  F I S S I O N  SOURCE I N  A I R  

0 14 0 01.0 0.0 a 0  1.0 2.2 +s 
0.0 0.0 0.0 0.0 0.0 0.0 0 00 

1.5579 -4 8.9338 - 4  3.4766 -3 1.3903 -2  3.4557 -2 3,5047 -2 1.0724 -1 
8.8963 -2  2.3186 - 2  1.2030 -1 2.1803 -1 1.9837 -1 1.4036 -1 1.5489 -2 
1.5000 +7 1,2214 +7 lo0000 +7 801873 +6 5.3600 +6 4.9658 +6 40Db57 +6 
3.0119 +6 2.4659 +6 2.3500 +6 1.8268 +6 1.1080 +6 5.5020 +5  1.1109 *5 
3.3546 +3 5.8294 +2 1.0130 +2 2.9020 +l 1.0617 *1 3.0590 + I  1.1253 + I  
4.1400 -1 

J00035f A731A 

CARO B 
CARO C 
CAR0 0 
CAEOS E 
cylos E 
CAROS F 
C M O S  F 
CAROS F 
CAROS F 

1 
0 

-1 
0 
0 

s PH 
s PH 
S P H  
s PH 
SPH 
SPH 
S P H  

5 PH 
SPH 
s PH 

S P H  
s P H  
EN 0 
A I R  
A I R  
A I R  
A I R  
A I R  
A I R  
A I R  
A I R  
A l R  
A I R  
A I R  
A I R  
A I R  
A I R  
EN 0 

1 
1 

s p n  

s P n  

._ 
1 1  D O  1 1 3  CARD 1 
0 0 0 0 0 1.0 +Ol 1.0 -02 1.0 4 1  5.0 -1 CAROS J 

0 0 0  CARO L 
0 

0. 
0 .  
0. 
0. 
0. 
0 .  
0. 
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0 .  

+1 
+2 
+3 
+4 
+5 
+6 
+7 
+8 
+9 

+10 
t l l  
+ 12 
+13 
+14 

SAMPLE PROB. 
0. 
0. 
0. 
0. 
a. 
0. 
0 .  
0 .  
0. 
0. 
0 .  
0. 
0. 
0 .  

1 FOR M O R S  
0. 3.OE +3 
3, 5.0E +3 
0. 7.5E +3  
4. 1.OE +4 
0. 1.5E +I 
0. 2.0€ +4 
0. 3.OE +4 
a 6 . O E  +4  
a. 7.0C +4 
Q 9 . O E  +4 
0. 1.2E + 5  
0. 1.5E * 5  
a 1.OE +b 

1 . O E  +I 0. 

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

-11 - 12 - 13 

1 1 1 1 1 1 1 1 1 1 1 1 1  
2 1 2 1 2 1 2 L 2 1 2 1 0  

22 GROUP A I R  CROSS SECTIONS - P 5  D E h S l T Y  = 1.29 G / L  

0 0 0 0 0 0 0 0 0 0 0  
2 2 2 2  0 0 2 2 2 5  4 1 1  1 6  3 0 

o +i203i-  9 o + o+ o o +70ze+ 9 o +22w7-  9 2 i ~ +  o+ 0 o +11281- 9 
0 + O+ 0 J + 6 5 2 4 3  9 0 +2119C- 9 0 ,14055- 920R+ O+ 0 0 +10355- 9 
0 + O+ 0 0 +5791(t 9 0 +lC527- 9 0 ,14377- 9 0 +31171-10199, O+ 0 
0 +92492-10 0 + O+ 0 0 + 5 7 4 3 6  9 0 t23966- 9 0 416100- 9 0 +32754-10 
0 +29281-1018R+ O+ 0 0 + 9 0 7 + 5 1 0  0 b 0, 0 0 +63100- 9 0 +27023- '? 
0 +19310- 9 0 +16113-10 0 +23152-10 0 +3C49&-1017R+ O+ 0 0 +14b21- 9 
0 + O+ 0 0 +7288C- 9 0 +29980- 9 0 ,22082- 9 0 +70348-11 0 +13142-1C 
0 +21940-10 0 +ZSBRD.lOlW+ 0, 0 0 +13259- 9 0 + O+ 0 0 +86261- 9 
0 +42031- 9 0 +27697- 9 0 +28517-10 0 ,97520-bl 0 +19957-LO 0 +33094-LO 



3.2-4 

Table 3.2 (continued) 

0 +32988-1015t+ O+ 0 0 +7G810-10 0 + (Y 0 0 -2171- 9 0 +23374- 9 
0 +26782- 9 0 +52500-15 0 +22719-11 0 t56244-11 0 +14450-10 0 +17795-10 
0 + 1 7 0 0 6 1 0 1 ~ +  O+ 0 0 +33771-10 0 + tM 0 0 +53538- 9 0 +75580-10 
0 +88161-10 0 +3141+10 0 +38131-13 0 ,63938-I2 0 +121S2-11 0 +29969-11 
0 +37520-11 0 +35440-11131+ O+ 0 0 ,36572-10 0 + O+ 0 0 +7+575- 9 
0 + a 5 9 9 6  9 0 +41220- 9 0 +2281F 9 0 +7C882-11 0 +#728-12 0 +28182-11 
0 +54518-11 0 +222*610 Q +16442-10 0 +15359-1OLZR+ O+ 0 0 +26696-10 
0 + O+ 0 0 ,10111- 8 0 +72009- 9 0 ,34923- 9 0 +13828-30 0 + O+ 0 
0 +28461-12 0 +2568&ll 0 +31451-11 0 +95473-11 0 +20771-LO 0 +19773-10 
0 +18079-10llR+ O+ 0 0 +33894-10 0 Ob 0 0 +lOl27- t3 0 +80896- 9 
0 +26435- 9 yI+ O+ 0 0 ,11923-11 0 +l6928-L1 0 +Z2410-1A 0 +74300-11 
0 +7127Q-ll  0 +10911-10 0 +97580-tllOR+ 0, 0 0 +13108-11 0 + O +  0 
0 +15950- 8 0 +14549- 8 0 +18991- 9 38, 0, 0 0 +68W46-12 0 +97578-12 
0 +69178-12 0 +89141-12 0 +31602*11 0 ,23569-11 0 +40836-11 0 +35918-11 
9R+ O+ 0 0 +568+12 0 t O+ 0 0 ,27466- 8 0 +26402- 8 0 +13777- 9 
4R+ O+ 0 0 +24320-12 0 +50672-13 0 t35016-13 0 t44416-13 0 +10237-12 
0 +11424-12 0 +19655-12 0 C17135L2 82, 4, 0 0 +27307-11 0 + O +  0 
0 +35054- 8 0 +33087- 8 0 +10590- 9 5P+ 0, 0 0 +53689-15 0 +61250-16 
0 +44470-16 0 +57069-16 0 +99544-16 0 tA5180-15 0 +27607-15 0 +24655-15 
7R+ O+ 0 0 +70094-11 0 + 0, 0 0 ,38206- 8 0 +35239- 8 0 +27393- 9 
6R+ O+ 0 0 +396Yb16 0 +3808+17 0 ,19369-L7 0 +23157-17 0 +28545-17 
0 +11206-16 0 +20683-16 0 +16798-16 at O+ 0 0 +14998-LO 0 + O +  0 
ti +39881- 8 0 + 3 5 5 2 3  8 0 +2€97 i3  913Rb & 0 0 +23985-21 0 +11837-19 
5 R +  O+ 0 0 + 2 6 3 4 3 1 0  0 + 0, 0 0 b40244- 8 0 +34704- 8 0 +42379- 9 

l 4 R +  O+ 0 0 +59279-22 0 +2450&20 46, 0, 0 0 t46455-10 0 + O+ 0 
0 +*0905- 8 0 +36293- 8 0 +5267& 916Ut 0, 0 0 +40545-21 3k+ O +  0 

0 +13300- 9 0 + O+ 0 0 +42106- 8 0 +35798- 8 0 +51625- 920R+ O +  0 
0 +57942- 9 0 + O+ 0 0 +46613- 8 0 ,40818- 8 0 +49169- 920R+ O +  0 
2 R +  O+ 0 0 +10247- 9 0 t 5 5 3 6 6  9231, 0, 0 0 +65243- 0 0 +51312- 9 
0 +28039-1022!3+ 04 0 0 +5791i3 9 0 ,46511- 9 0 t82529-12 0 -34105-10 

21R+ O+ 0 0 +57436- 9 0 t 5 2 0 7 t  9 0 -559LO-IO 0 -33b45-1021R+ O+ 0 

0 +6783+- 9 0 - 1 6 1 3 6  9 0 -8632F11211W 0, 0 0 +86261- 9 0 +75179- Y 
0 -17914- 9 0 -681% 0 2 R +  O+ 0 0 t62171- 9 0 +46303- 9 0 -30410- 9 

22R+ O+ C 0 +53538- 9 0 t20210- 9 0 ,67313-LO 0 -77370-1021R+ O +  0 
0 +74575- 9 0 +57669- 9 0 +04142-10 0 -29CZl- 9 0 -22037-1020R+ O+ 0 
0 + l O l l l -  8 0 -4755- 9 'I -25951- 9 0 -38144-1021R+ O+ 0 0 +10127- 8 
0 +42570- 9 0 -?3334- 922R+ 0, 0 0 e15950-  8 0 +34593- 9 0 -13650- 9 

0 +76560- 9 0 -95901-1OZ2R+ 0, 0 0 t38206- 8 0 +81388- 9 0 -24833- 9 
22R+ O+ 0 0 +39881- 8 0 +55671- 9 0 -26278- 922R+ O+ 0 0 +40234- 8 
0 + l O S 6 3 -  8 0 -36215- <122R+ 0, 0 0 *40Y05- 8 0 +96174- 9 0 -17022-  9 

22R+ O+ 0 0 +41402-  C 0 + l o 5 9 3  R 0 -37673- 922R+ 0. 0 0 -2106- 8 
0 +10270- 8 0 -46872- 92ZR+ 0, 0 0 t C 6 6 1 2 -  8 0 + O t  0 0 -45480-  9 

20R+ O+ 0 
2R+ O+ 0 0 + 7 0 2 4 F  9 0 + 6 9 1 0 F  9231+ (Y 0 0 +65243- 9 0 +62392- 9 
0 -72000-1022R+ O+ 0 0 +57910- 9 0 ,54463- 9 0 -78847-10 0 +40544-10 

2 i R +  O+ 0 o +574%- 9 o +56525-  9 o -69713-10 o +38568-10zin+ o+ o 
0 *6'1100- 9 0 +5401'+ 9 0 - 4 C 8 7 t 1 0  0 +56019-1121R+ O+ 0 0 +72084- 9 

o + ~ L o ~ ~ - L o  o + ot o o +41602- 8 o t35628- 8 o +4i478-  9zoa+ o +  o 

o +631oo- 9 o +56259- 9 o - 9 5 7 4 ~ - i o  o - ~ ~ C A A - ~ A Z L R +  o+ o o t r z e e 4 -  9 

ZZR+ o+ o o +ZWM- 8 o +41370- 9 o -12686- 922a+ o+ o o +35e54- I 

o +m678-  9 o -17789-10 o + i i 9 9 0 - i 0 2 1 ~ +  ot a o +8626i- 9 o +74494- 9 
0 +15360- 9 0 +76303-102lR+ 0, 0 0 t62191- 9 0 +34571- 9 0 *219?4--  9 

22R+ O+ 0 0 +53538- 9 0 t26501- 9 0 -44031-10 0 +64216-1021R+ O +  0 
0 474575- 9 0 + 2 8 0 1 5  0 -15857- 9 0 ,43963-10 0 +3091i-l020R+ O+ @ 
0 +AO111- 8 0 +40335- 9 0 - 7 7 9 9 3 1 1  0 +53547-1OZlR+ O+ 0 I) +10127- h 
C +22675- 9 0 +9827.5-102a+ 0, 0 0 +15Q50- 8 0 +13766- 9 0 -31135-10 

22R+ O+ 0 0 +27466- 8 0 +48445-10 0 -10203-L022A+ O+ 0 0 +35854- 8 
0 +75791-10 0 -9080S1122R+ o* 0 0 t38206- 8 0 +8@!i02-10 0 -23240-10 

22R+ O+ 0 0 +39881- 8 0 +93603-10 0 -24438-1022R+ 0, 0 0 -0234- 8 
0 +10285- 9 0 -35087-1022R+ 0, 0 0 t40905- 8 0 +93944-10 0 -43949-10 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
2 3  
24 
25  
26 
2 7  
28  
29 
30 
31 
32 
3 3  
34 
3 5  
36 
37 
38 

1 
2 
3 
4 
5 
6 
7 
8 
9 
LO 
11 
12 
13  
14 
15 
16 
17 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13  
14 
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3.2-5 

Tdble 3 .2  (continued) 

22R+ 04 0 0 +41602- 8 0 +10258- 9 0 -34279-1022R+ O+ 0 0 -2136- 8 
0 410426- 9 0 -42212--1022ft+ Ot 0 0 446612- 8 0 + 06 0 0 -34698-10 

20R+ O+ 0 
2 R 4  Ot 0 0 + 7 0 2 4 F  9 0 +70321- 9 2 3 R t  (Y 0 0 +65243- 0 0 6 2 5 3 6 -  9 
0 +13849-102ZR+ 04 0 0 t57910- 9 0 ,54199- 9 0 +29572-10 0 -34172-10 

Z1R4 O+ 0 0 * 5 7 4 3 b  9 0 +5468C- 9 0 *50026-10 0 -30tS6-1021R+ 04 0 

0 +54800- 9 C +5191S-10 0 -1258C1021Rt 0, 0 0 486261- 9 0 +54971- 9 
0 -76147-10 0 -544661021R+ Ot 0 0 462171- '3 0 418010- 9 0 -10531- 9 

22Q+ O+ 0 t 453538- 9 0 +2511& 9 0 -43162-10 0 35490-1021R+ O+ 0 
0 474575- 9 0 + l o 3 0 4  9 0 -12354- 9 0 -2762!i-10 0 -32964-~020R+ 04 0 
0 + 1 O l l l -  8 0 +19170- 9 0 -4456G-10 0 -57015-L021R4 O+ 0 0 +10127- 8 
0 496616-11 0 -5738C-L02zR+ 0, 0 0 t15950-  8 0 +14942-10 0 -17019-10 

22J4 O+ 0 0 + 2 7 4 6 6  8 0 -29453-10 0 -11580-1:22R+ O+ 0 0 +35854- 8 
0 -40830-10 0 -225961122R+ 0, 0 0 t38206-  8 0 -43758-10 0 4 7 9 8 7 - 1 1  
22d+ O+ 0 0 +39881- ? 0 -43381-10 0 -61287-112214 g0 0 0 +40234- 8 

22A+ O+ 0 0 +41601- 8 0 -41794-10 0 -92138-1122Rt 0 ,  0 0 -2136- 8 
0 -24206-10 0 -11908-A02a+ (j, 0 0 ,66612- 8 0 4 O &  0 0 -19669-10 

2 D R +  04 0 
2Rt 04 0 0 470247- 9 C 463319- 923Rt Ob 0 0 t65243- 9 0 *5b598- 9 
0 +79906-1022R+ 04 0 0 t5791Cr 9 0 047662- 9 0 +85919-10 0 *23298-10 

2lR+ O+ 0 0 4 5 7 4 3 6  9 0 +4 i757-  9 0 +9't751-10 0 t18275-102lR+ 00 0 
0 +63100- 9 0 +31740- 9 0 +50341-L0 0 t54739-LLZlRQ 04 0 0 +12884- 9 
0 +33677- 9 @ -65477-10 0 +10656-1021Q+ 0, 0 0 186261- 9 0 +22392- Y 
0 -99578-10 0 +21930-1021R+ 0, 0 0 t62171-  9 0 499323-10 0 -63973-10 

22R+ O+ 0 0 +53538- 9 0 +17702- 9 0 -63993-10 0 4lSOO8-1OLIRt Ot 0 
0 474575- 9 0 -47284-10 0 -20232- 9 0 051367-10 0 o28578-102OR+ 04 0 
0 410111- t' 0 +7355,9-10 0 -79020-11 0 +19040-1rUIR+ OU 0 0 +10127- 8 
0 +10166-1C 0 - 4 4 9 6 f 1 0 2 2 R +  0, 0 0 ,15950- 8 0 +93530-11 0 -69195-11 

22R4 04 C 0 0 2 7 4 6 6  0 0 t831P310 0 t22143-11ZZn+ O+ 0 0 935854- 8 
0 +75510-10 0 +5299S1122R+ 0, 0 0 038206- d 0 t806t9-16 C +13?09-i0 

22R4 04 0 0 +39881- 8 0 178252-10 0 01458L-lCZZR+ O+ 0 0 *4023+ 8 
0 +13370-10 0 +21203-1022R+ Ot 0 0 ,40905- fi 0 +79796-10 0 +2Ci30-10 

22R+ O+ 0 0 +41602- 8 0 +74416-10 0 02127&1322R+ O+ 0 0 +42106- 8 
0 416455- 9 0 t26766-1022R4 C+ 0 0 t 4 6 b l l -  8 0 + O &  0 0 M1574-10 

LOR+ O+ 0 

o ~ ~ L O O -  9 o *4757t4 9 o + 6 ~ 3 + i o  o -61050-1i2iw 04 o o +728a4- 9 

o -41300-10 o - R B : _ : + I ~ z w +  c+ o o t40905- 8 o 4 ~ 1 0 3 7 - i o  o -i132z-i0 

2 ~ c '  o+ o o +ro24f- 9 o t484ro- U ~ R +  oe o o +65243- 9 o +42755- 9 
o - 3 7 x ) i - i 0 2 2 ~ t  o+ o o +smio- 9 o 032130-  9 o - 5 i 9 ~ ; - i o  o -15807-10 

2 l R 4  O+ 0 0 + 5 7 4 3 6  9 0 +19518- 9 0 -81760-LO 0 -1131S-lOZlRt Ot 0 
0 +63150- 9 0 410832-  9 0 -13409. 9 0 -4OL'r7.-112lC+ 00 0 0 t72884- 9 
0 411598- 9 0 -2f523-LO 0 -71699-1121R* Ob 0 0 *3626:- 9 0 467571-bO 
0 -67094-10 0 +7899*122lR+ 0, 0 0 eL2171-  9 0 + 4 0 5 9 2 - l O  0 -16550-10 

2 2 ~ 4  Q+ a o +5353s 9 o + 7 8 8 8 6 ~ 0  o -36437-ao o + I  ~ 1 0 t . - 1 0 2 1 ~ +  a+ a 
o +74575- 9 o + 6 1 5 4 e i t  o -60885-10 o +2255z- io  o -19893-1020R+ o+ o 
0 410111- 8 0 +10090-10 0 - 1 4 2 1 6 1 0  0 -33189-102lR.r O+ 0 0 410L77- 8 
0 -29733-11 0 -22978102ZR+ 0, 0 0 +15?50- 6 0 -104J2-10 0 -18686-11 
2tR+ O+ 0 0 4 2 7 4 6 6  R 0 -75960-10 0 - 2 0 2 ~ 2 - 1 1 2 ; R +  O+ 0 0 +35854- 8 
0 -97342-10 0 - l l S e L - l 0 2 F t +  0, 0 0 t38206-  8 0 -10417- 9 0 -35383-10 

2?R+ 04 0 0 +39881- 8 0 -55899-10 0 -3197O-LC22R+ O+ 0 0 -0234- 8 
0 -85091-10 0 -46541-102B4 C+ 0 0 ,40905- 8 0 -9C214-IO 0 -58362-10 

22R+ 0 4  0 0 +41602- 8 0 -89912-10 0 -46163-1522R4 O+ 0 0 -2106- 8 
0 -46088-10 0 -57320-1022R+ 

rOR+ o+ 0 

SAC180 A N A L Y S I S  I Y P U T  D4T4 
1 -1  1-16 

7 0 0 0 0 1  
0. 0. l.OE+4 
0. 0. 2.0E44 
0. 0. 3.oE44 

0, 0 0 t466.12- 8 0 4 . O C  0 0 -68991-10 

0 1  

15 
16 
17 
1 
2 
3 
4 
5 
6 
7 
8 
9 
LO 
11 
12 
13  
14 
1 5  
16 
17 

1 
2 
3 
4 
5 
6 

8 
9 

10 
11 
12  
1 3  
14 
15 
16 
17 

1 
? 
J 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13 
14 
1 5  
16 
17 

r 



3.2-6 

Table 3.2 (continued) 

0 .  0. b.C€+4 
0. 0. 7.0€+4 
0 .  0. 9.oE+4 
0 .  0. 12.OE+4 

&.AUK CARD 
4 P I  &+.2 RUENCE 
1.0 1 .o 1.0 1.0 1.0 1.0 
1.0 I .c 1.0 1.0 I. 0 1.0 
1.0 1.3 1.0 1.0 I.  0 1.0 
1.0 
IISISSSISS MOLSE SAMPLE m O 8 L E M  +***+**********I++ 

1.0 CARDS 00 
1.0 
1 .o 
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)(ORs€ S M P L E  P R O M  EM P O I N I  F lSSlCN Y)uUCf 1N A I R  
T H I S  CASE Y d S  B E U  OM THUIWhV. hUtUS1 2 2 .  I974 

NSTRT M O S T  N I T S  N 3 i l I l  N6POTN ltPOTG NlCP NMTC MCOLTP I W M  M A X T I U  MEDIA .U€OALB 
200 200 10 1 13 0 22 22 0 0 5.00 1 0 

ISOUR N c w s  rsairr Y I S I R T  EBOTN marc IoJt VELTH 
0 14 0 1.ooooE 00 0.0 0 .o 1.0OOQOE 00 Z.2OOOE 0 5  

XSTRT Y S l n T  2 S T R I  ACSTRT UINP VlNP Y VIP 
0.0 0.0 0.0 0.0 0 .o 0 .o 0.0 

ODF IS O I F F E R B ( 1  FROM YTSTRT. DOF &9845l€  00 

CROUP 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
I 2  
13 
14 

T O T U  

U M C E  0414 
UNWORMM I L L 0  

FR ACT 134 
1.5 5 7 9 s  04 

3.4766E- 03 
1.39C3E-02 
1 . 4 5 5 7 E  02 
3.5047E-02 
1.0724E-01 

2.3 1 €bE- 02 
1.2OJOE-01 
2.1863E- 01 
1.9637E-01 
1.403bE-01 
1.54€9+02 
9.9997E-01 

8 . 9 3 3 8 ~ - 0 4  

8.e'.63~-02 

NORMAL1 ZE 0 
F RhC 1IW 

COOOl58 
0.000907 
0.003533 
0. O l r l Z Z  
0.035102 
0.035599 
0.108930 
0.090365 
0.023551 
0.122196 
0.221466 
ai01+96 
0.142572 
0.0 

CROUP PARAMETERS. GROUP YLPlBFRS GREATER 

CRWP W P E 9  EOCE VFLOCI rr 
I € V I  fC*IS€Cb 

1 1.5000E 07 5.101tZ G 9  
2 
3 
4 
5 
6 
7 
8 
9 

13 
11 
12 
13 
14 
15 
l b  
17 

19 
20 
21 
22 

la 

I.221*€ 07 
1.0000E 01 
8.1873E 06 
b.3bOOE Ob 
4.9658E 06 
4.0657E Ob 
3.0119E Ob 
2.4659E Ob 
2.350CE 06 
1.8268: Ob 
1.1OBOE Ob 
5.5010E 05 
I.1109E 05 
3.3546t 03 
5.8294E 02 
I.OI30E 02 
2.YOZOE 01 
1.0677E 01 
3.0590P 01 
1.1253E 01 
4.lWOE-01 

4 . L O 5 I E  
4.1 7CSE 
3.729Pt 
3.1SllL 
2.938W 
2.bOlX 
2.2888E 
2.t461C 
1.9986€ 
1 . 6 7 5 Y  
1.25 53E 
7.9 5 25E 
3.30€3E 
b.1365E 
2.5581E 
l . l I b 4 E  
6.1615E 
6.28226 
6.325BE 
3.3403E 
2. ZOOOE 

99 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
08 
08 
07  
07 
07 
ob 
06 
01 
06 
05 

WAN 22 CCRRESWN*l  T O  S€COMCAW P A U T I a € S  

I N I T l U  RANOOU N W 8 W  I 00003Y473U 

M P L T -  1 NKILL. 1 NPAST- 1 WJLEAK. 0 lE6lAS*~ 0 KXRECI 1 MAXCP- 13  

Y E l G H I  StAI1DAROS FOR sPLITTlN6 AWD RUSSI&N R W L E T T E  6 K l  PATHLENGTH S T R € l C H I N C  P U l U l E T E U S  

NCPl NOC NCP2 HUG1 MORG NRGZ Y N I M L  YTLCYl  C.14VEl  INU 
0 0 0 0 0 0 1.0oQJE 01 1.0000€-02 I.OLSOOE-Ol 0.5000€ 00 

WSCUR (r Mf lSTr -  0 NKCAU- 0 NORIF- 0 
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1086 - 0 

B@OY OAT. 
0.33300000 04 0.0 
0~50000000 0 4  0.0 
0~15000000  04 0.0 
0~10000000 05 0.0 
O~L5000000 05 0.0 
0~20000000  05 0.0 

0~60000000 05 0.0 
0.7000000 OS 0.0 
0.90000000 0 5  0.0 
O~I2000000 06 0.0 
0.15000000 Ob 0.0 
0.10000000 0 1  0.0 

0.0 0.0 

o.3ooooooa 05 0.0 

o.ioooaooo OR 0.0 

spn L 
spn z 
spn 4 
sPn 5 

spn a 

spn I I  
svn 12 

sPn I+ 

SPH 3 

SPH 6 
SPH 1 

SPH 9 
S P H  u) 

SPH 13 

E N 0  L5 
LUMBER OF 
LENGTH OF 

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 
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 0.0 
0.0 0.0 

r n o i E s  14 
FPO-&RAY 120 

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 
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 
0.0 
3.0 

3 
11 
19 
21  
35 
63 
SI 
55 
07 
15 
83 
91 
99 

101 
115 

I NPUT ZCW O A T A  
0 3 A I R  

A I R  
A l R  
A I R  
A I R  
A I R  
A I R  
A I M  

A I L  
A I R  
A I R  
A I R  
A I R  
EUO 

LUMBER 

LENGIH 

Ala 

wmam 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

O F  
GF 
OF 

I 0 
2 - I  
3 -2 
4 -3 
5 -4 
b -5 
1 -6 
R -1 
9 - 8  

10 -9  
11 -10 
12 -11 
13 -I2 
I 4  -13  

0 0 
IhPUT ZONES 

C O O €  ZONES 
i w r a x n  ARRAY 

C 
0 
C 
0 
C 
0 
0 
0 
0 
C 
C 
t 
0 
0 
0 

I4 
14 

361  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
a 

0 
0 
0 
n 
0 
0 
0 
0 
0 
0 
c 
0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 
3 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Z I  
Z Z  

f :  
2 . 5  
L b  
2 7  
2 6  
i v  
z 10 
L 11 
2 12 
Z 1 3  
2 14 
Z 15 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 J 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 

0 0 
a 0 

CODE ZOhL 
I 
2 
3 
4 
5 
6 
1 
8 
0 

INPUT LONE 
1 
2 
3 
4 
5 
b 
1 
R 
0 

ZONE M T A  1 
99 

104 
113 
122 
131 
140 
149 
158 
167 
176  
185 
194 
203 
212 

. O t  . hC. OF BOOlLS 
I 
2 
2 
2 
2 
2 
2 
2 

R X I O N  NO. 
I 
1 
1 

2 
1 

I 
1 
I 

10 
11 
I2 
13 
I4 

10 
11 
12 
1 3  
14 

I 
1 
1 
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u 
3.2-9 

. . . . . .. . .. . - 

I U R I I I J  K R 2 t l J  
1 1 1 
2 2 2 
3 3 3 
4 * 4 
5 5 S 
6 6 6 
7 7 7 
8 8 8 
9 9 9 

10 10 IO 
I1 I t  11 
12 I2 12 
13 13 13 
14 14 14 

MORSE M E D I A  IN INPUT LONE(1) & R R A Y  ~ M I L l I l ~ I ~ l ~ l 4 J  

1 2 1 2 1 2 1 2 1 2 1 2 1 0  

OPTIDN 0 WAS U S E D  IN  C A L C U A V I H C  VOLWES. FUIL 1 RECfOHS 
0 - S E T  VOLUMES 1. 1-CONCENTRIC SPHERES. Z-SAABS. 3-1 NPUTVCLUMES- 

VOLOWES (CM+*J USED IN COlLlSlI lh5 D E N S I T Y  A l a  TRACK LENGTH ESTIUATCPS.  
R EC 1 

VOLUME 1.0000 00 

NCEOMz 552.  Y U A S T s  1294 

, 



t 
LJ i 22 GROUP A K R  CRISS SEcrIoMs -- P S  -- OENSl l lY  = i.29 G/L 

WWBER OF pRIMslRV GROWS 6MGP) 22 
MJHBER OF PRI~DARV mtascarms (NOS) 22 
NUMBER OF SECONDARY G R O U P S  UMGG) 0 
MIMBER OF SECONDARY WWMSCAfVERS (NQSGB 0 
WMBER O F  PRIW4SlEC CROUPS QPNGBb 
?ABLE LENGTH Q P T B L D  

NUMBER GF MEDIA (YBCEOS 
NUMBER OF INPUT ELEBZENVS (NELEHb 
MJHBER OF H i X I N G  ENTRIES ( M f 4 I X l  
WWBER OF COEFFKCP ENTS (MCOEF 1 
N1MBER OF AkGLfS (NSC?) 

ADJOPNT SWITCH (FRO# WORSE8 

LOC OF WITWIN C ~ ~ O I P P  S S I G  GGI u s r a  

RESTORE COEFF ( w a n  

I NPU f / OUTPUT OP T I 0 N S 
IRDS6 ( A S  R E A 0 8  
I S T R  6AS STORED 
I W U  (MUS1 
PMOM tPriOUEUVS 1 
I P R I N  BANC~ESIPROB) 
I PUM ( EMPOSS I BLE COEF 1 
CARD FORMAT ( IDTFb 
LNPUV TAPE i: I X T A P E I  
HORSFC TAPE 4 JXTAPE)  
O6R TAPE IX3bRTO 

STORAGE A L L O C A T I O N S  
CROSS SECTIGNS START AT 
L A S T  LOCATICIN USEO [ P E R # )  
TEMP LOCA?BONS USEO 
EXCESS STORAGE UTEHP 1 

H I X K M G  TABLE 

HE0 I A  1 CONTAINS ELEYENT 

0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 

129 5 
3245  

9962 
13207 TO 

1 W I T 4  

22 
25 
4 
1 
A 
A 
6 
3 
0 
0 

1 SOOQ 

IENSlITY 1.1600E 00 
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3.2-12 

OEf K 
1 0.0 
2 0.0 

0 .o 

5 0.0 
' b 0.0 

3 0.0 

U W P  
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
IC 
19 
I 6  
17 
18 
19 
20 
2 1  
22 

v 
0.0 
0.0 
0. c 
0.0 
0.0 
0.0 
0.0 

RESPf 11 

1.0000E 00 
1.000CE 00 
1.0000E 00 
1.0000E 00 
1.OOOOE or 
1,OOOOE 00 
1.OOCOE 00 
1.OOOOE 00 
1.0000E 00 
l00000E (r3 
1.POOOE 00 
i.0000€ 00 
I.OOOOE 00 

i.G.000E 60 
1.0000E 00 
1oooc35 00 
1,OSOOE 00 
1.0000E 00 
~ . 0 0 0 0 E  00 
103000E 00 

LOOOOE or 

i.moaE 00 

1 RAD 
1.OOOcE o+ 1.OOOOE "4 
2.ooooE o+ 2.0000E 04 
~ O O O O E  o+ 3.0000E 04 
b O O O &  Ob b.0000E 01, 
1.000oE Ob ?.OOooi 04 
QOOQOE Ob 9.0000E 04 
L Z O O O F  05 102000E 09 

TO 
109602E-06 
3.9204E-06 
5.880SE-06 

1.3721E-05 
1.764;IE-05 

1.1761E-OS 

2.3522E-GS 

NIJIIRER O F  P ~ I M ~ R Y  ENERGY B ~ N S  0 
TOTM. NWBER C)F ENERGY 8 l N S  0 

kuM8ER OF T I M E  B I N S  0 

NUMBER O F  A N = €  B I N S  0 
UPPER L l M l T S  OF C O S I N E  B I N S  

233 CELLS USE0 B Y  A M a L Y S I S .  6122 C E U S  REl (b1k Ut;USEO. 



1 1 M E  REDUlREO PJP I N F U T  YAS 1 SECOND- 
Y l l I  ARE U S I N G  THE OEFLULT VERSION OF STRUN WHIC4 O G E S  NOTHING.. 

RAN0CR-L i00035FA73k A ' * * * S T A O l  BArCH 1 

SOURCE O A I A  
IUJ ARE USING T.iE O E F A l L l  E R S I O N  ff SOURCE WHICH S E l S  WLlE T O  OOF AN0 WRMICES u( ENERGY I C -  

X A V E  Y I V E  ZAVE ACEAVE YTAVE I A V E  U A V E  Y A #  WAVE 
0.0 0 .0 0.0 1.969E 02 10.38 -0.0176 -0.0082 O.OC50 0.0 

200 4 0 0 0 21'!* 

1 I M E  REOUIREO WU IHF PRECEDING 8 L K H  WAS 3 YCOHOS. 

* * * S l A R l  BATCH 2 RAN0L?I=€64€9GOFBObA 

Y l A V E  [AVE U A V E  VAW YAY€ X A V E  1 BYE LAVE AGEAVE SDURCE 3 A 1 A  

1.969E 0 2  14.L2 -0 .J412 -0.0614 0.0136 0.0 0 .a 0 .o 0.0 

MJMBFII OF CCILLISIONS OF IVPE NCOLL 
SOURCE S P L l r l O l  F I W N  UMCEN ( I E L L I O L L  A I B F O C  R O P Y X  ESCAFE E-WI lJPH(1LL R R UlLL  (I (1 SmV al%)Los1 0 Z l O ?  0 175 0 2 5  1 0 ZOO 0 0 0 3 7 5 1  

S W R C F  O A f A  XLVE v R V t  ZAVE ACEAVE SAVE UAVE VLW U4WE 
0 .o 0.0 

U l l V E  
0 . 0  l . i ( . ? C  r)? 10.08 -0 .0285 -0.C429 -0.0035 0.0 

W M B E R  OF C D L l l S l O N S  OF TYPE NCOLL 

6 100 0 0 3 9 ! x  0 ZI6L 
SOURCF S P L I T I O I  FlSHN GAMah RE4L:OLL ALREOO @irRVX ESCAPE €-CUT T l M E U l L L  R R K l L L  R R S U I V  G L r K O S l  0 184 0 22 5 0 

SOURCE O A I A  X A V E  V'LVE ZAV E AGEAVE I A V P  UAVE V 4 *  W V C  
0 .rj 0 .o YTAVE 

0 .o 1.969€ 0 2  10.12 0.0133 0.0904 -0.0035 0.0 

NJMRFR O f  COCLlFlONS OF 1VPE M O L L  
I M l R C t .  S P L l T ( 0 )  F I S d N  CAMWN R€hi;ULL A L R t C O  BGLYX ECCAPE E-Wl T l H E K f L L  R R U I L L  (I R SWV GARLOST 

3 0 200 0 3635  0 2162 0 18 1 0 22 1 0 

1 1 Y L  REOUIREO FOR IC(€ P R E C E O I f I L  B A l C H  W A S  3 SECONDS. 

* * * S l A R l  8A?CH 5 h A N O O ~ - 7 O O E O B 4 F Z ~ A  

XAbE Y A V F  ZAVF AG€AVE SOURCE LiCLlA 
I A V E  U L V €  V A Y  Y I V k  

0.0 
C 7 L V E  
1.9617 0 2  10.64 0.0164 0.0154 -0.0155 0.9 0.0 0 .o 

2 0 0 2059  103 

? 
N 

I w 
L, 



***START B A T C H  6 RAN'>OM=O*A0b9 h9 AH) A 

SOURCE DATA 
WTAVE I A V E  U A V E  Y A Y  MYE XAVE Y AVE LAVE AGEAVE 

1.969E 02 10.09 0.0121 -0.0250 -0. 0234 0.0 0 .o 0 .o 0.0 

H I M B E R  OF COLLISIDNS OF TYPE N O L L  
SOURCE S P L l T l O l  FISHY GAHGEN RE4L:OLL A L B E D O  BDRYX E S C b o E  E - W T  T I H E I C I L L  R R U I L L  R R SWV GARLOST 

2 0 0 3926 0 2192 0 189 0 13 I 0 200 

T I W E  R E W I R E 0  FOR THE PRECEOI ldG 8 A K H  MAS 3 SECONDS. 

* # * S l A R T  8 A l C H  7 RAN00P?=C315LA BOUS2 

SOURCE OATA 
Y l A V E  I A V E  USVE V A Y  l Y V E  X A V E  VAVE L A V E  AGEAVE 

0.0 0 .o 0.0 1-969E 02 9.99 0.0411 0.0326 0.0450 0.0 

NJWBER OF C O L L I S I O N S  O F  1WE K 9 L L  
SOURCE S P L l l l O l  FISHN CAMGEN RE4L:OLL ALBEOO B O W X  ESCAPE € - C U T  T l H B ( I L L  R R K I L L  R R S U I V  CANLOST 

0 3 9 3 1  0 2219 0 11 3 0 38 1 0 200 11 Q 

T I n E  R E W I R E 0  FOR TME PRECEDING 6AKH U S  3 SECONDS. 

* * *START 8 A l C M  8 a w  on-2 I 3609 45 E a  o A 

SOURCE OAT& 
Y l A V E  I A V E  U I V E  V A K  M V E  Xd WE Y W E  ZAVE AGEAVE 

0 .o 0 .o 0.0 1.969E 02  10.12 0.0145 -0.0039 0.0701 0.0 

WHBER OF C O L L I S I O N S  OF TYPE NCOLL 
SOURCE S P L I l l O )  FISHN CAHCEN REALLOLL ALBEOO BORYX ESCIPE €-CUT T I W E K I L L  R R U I L L  R R S U I V  CAMLOST 

b 0 0 3785 0 2150 0 184 0 22 2 0 200 

1 l M E  R E W I R E O  FOR THE PRECEOINC B A X H  n4S 3 SECONDS. 

* * * S l A R T  B A l C H  9 

SOURCE O A l A  

9 A N 0  ON=B445 E9 E46 E22 

XAVE V AVE ZAV E A G E I V E  UT AV E I A V E  UAVF VAW N A V t  
0 .o 0 .o 0.0 1.P69C 32 10.08 0.0119 0.0525-0.0;42 0.0 

NJMBER OF C O I L I S I O N S  O F  l W E  NCOLL 
SOURCE S P L 1 T t O l  FISHN CAHGEN RE4L:Ut.C ALBECO BOl iYX ESCAP€ E-Wl T I M E K I L L  R R U I L L  R R SURV CAMLOST 

200 0 0 0 3119 0 2191 0 180 0 20  2 0 

T I M E  R E W I R F O  FOR THE PRECEOINC BATCH M I S  3 Y C O N O S .  

* * * S T A R T  B A l C H  10 RANDCW-2 021120k4 € E 2  

SOURCE fill 
Y l  AV t I A V E  UAVE Y A Y  Y I V E  XAVE Y AVE LAVE AGFAVE 

1 . 9 6 9 ~  02 9.87 0.0081 - 0 . ~ 0 6 8  -0.0391 0.0 0.0 0.0 0.0 

WMBER OF C O L L I S I O N S  OF TYPE M O L L  
S I L I R C E  S P L l T ( 0 J  FIJHN U M G E N  REAL:OLL ALBEOO BDRVX ESCAPE €-CUT l lWEll lLL R R K I L L  R R S U I V  GANLOST 

200 9 r, 0 1960 0 234s 0 185 0 24 0 0 

Y 
h) 

I 

I 



T H I S  CASE WAS RW ON THlRSDAY. ALGUST 2 2 .  197* 

4 P I  R * * 2  FLUeJCE 

DETECTOR 

1 
2 
3 
4 
5 
6 
7 

RE SPONSE s( LE 
UNCOLL 

R E  S P O N Y  
3.3580E-01 
1.2503E-01 

3.9169E-03 
1.8191E-03 
4 .0342E-O4 
4. b489E- 0 )  

4 . 9 s a x - 0 2  

TEC TCRI 
F so 

UNtOLL 
0.00762 
0.01327 
0.01819 
0.02940 
0.03217 
0- 03656 
0.041 13 

TOT AL 
RESPONSE 

2.0546E 00 
2.13Z8E 00 
1.1256's 00 
6.07 8 5 E . 4 1  
4.529 l E - 0 1  
1.4730 € 4 1  
4.218 4 C 4 2  

EXTRA ARRAYS OF LENGTH NO 

2467 17 13 E X 1  1t 71 
t 11 2447 2632 

T I M E  REQUIRED FOR THE PRECEDING 
LO B A T C 4 E S  24s 36 SECONDS- 

FS 0 
TOTAL 

0.09 497 

0.07421 
0.38572 
0.09141 
0 - 2  1154 

0.15988 

0.07938 

1488 958 436 

' i 

NEUTRON DEATHS 
NUMBER 

222 K I L L E D  BY R U S S I A Y  R O U E T T E  0 
FSCAPEO 

0 
REbCHEO T I M E  CUTOFF 

REACHED ENERGY CUTOFF 1821 

WM8ER O F  S C A T T H I I H G S  

MEDIUM 

T O T A L  
1 

N W B E P  
38132 
38132 

W E  I C H I  

0.149586 0 1  
0.0 
0.15319F C 4  
0.0 



3.2-16 

REAL SCATTERING COUNTERS 

ENERGY 
GROUP 

1 
2 
3 
4 
5 
4 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1 9  
20 
2 1  
22 

REGION 1 
NUHB W WE PGHT 

0 
5 

1 2  
57 

171 
2 R 6  
8 7 9  
8 19 
2 58  

1627 
4 5 9 4  
8325 

2 1099  
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
1026E 0 0  
6-87E 00 
5-06E 0 1  
1.19E 0 2  
1o87E 0 2  
5063E 02 
So29E 0 2  
i . ~ a ~  0 2  
1oOQE 03 
3o28E 03 
6.34E 03 
1-85E 04 
0.0 
0.0 
0.0 
0.0 
0 -0 
0 -0 
0 -0 
0.0 
0 -0 

NIMBER OF SPL IVTINGS 

EN ER GY 
GROUP 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  

REGION 1 
NUMBER WEIGHT 

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 0.0 
0 0.0 
2 l o 4 O E  0 1  
41 2-47E 0 2  



- . 

3.2-17 

WMBER OF SPLITT INCS PREUENTEO B I  LACK Of R O W  

ENERGY 
GROUP 

1 
2 
3 
4 
5 
4 
7 
8 
9 

10 
11 
12 
13 

HIMEER 

€NERGY 
GROUP 

1 
2 
3 
4 
5 
6 
r 
a 
9 

10 
11 
12 
13 

REGION L 
NUMBER YEIGHT 

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 0.0 
0 0.0 
0 0.0 
0 0.0 

OF RUSSIAY R O U E T T E  K I L L S  

REGION 1 
NUMBFR WEIGHT 

0 0.0 
0 0.0 
0 0.0 
0 0.0 
1 4.lbF-03 
0 0.0 
6 3042F-02  
7 4.03F-02 
4 2.51E-02 
6 4.0%-02 

24 1-66F-01 
50 3.42F-01 

124 8.+4&01 

tumeca OF 

€NEUGV 
GROilP 

1 
2 
3 
4 
5 
6 
I 
8 
9 

10 
11 
12 
13 

RUSSIAY ROULETTE S U R V I  UALS 

R E G I O N  1 
NUMBEQ YEICHT 

0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
0 0.0 
1 8.748-03 
0 0.0 
0 0.0 
0 0.0 
3 2.34E-02 
2 1015E-02 
9 7-15C-02 

** NEXT RAN0011 NJIBER I S  11854lAZE484 

TOTAL CCU T I M E  F9R T H I S  PROBLEM U S  0.61 H I N U T E S .  THE R E G I O N  USE0 YAS 2 5 M -  
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\ 

3.3 PICTURE SMPLE PROBLEM 

Thi s  problem i l l u s t r a t e s  t h e  use of t h e  PICTURE1 program? for look ing  

a t  t h e  geometry of a given  problem. 

tank. 

co r rb ina to r i a l  geometry and is  i n  no way a c c u r a t e  o r  d e t a i l e d .  

u se  of t h e  OR o p e r a t o r  and t h e  ARB body is demonstrated.  

The geometry b e i n g  2 l u s t r a t e d  i s  a 

T h i s  tank  model w a s  cons t ruc t ed  pu re ly  as  an i l l u s t r a t i o n  of t h e  
Both t h e  

The inpu t  d a t a  

is  l i s t e d  i n  Table  3.3. The p i c t u r e  produced by t h e  problem fo l lows .  

'See d e s c r i p t i o n  of PICTURE i n  ?ar t  5 of  t h i s  document. 



7 

0 
ARB 

. I R A 0  

ELL 

? RC 

ARB 

BOX 

BOX 

RCC 

RCC 

RCC 

RCC 

acc 

RCC 

RC c 

RCC 

RCC 

RPP 
EN0 

1 
2 
3 
4 

5 
6 

E N 0  
1 
I 

3.3-2 

...- 
Table 3.3.  Listing of 1;ipuc Cards for PICTURE S a q l e  Problem 

1 

0 
1-25 
1- 25 
-1-25 
-1.25 
1234. 
0.0 
1.5 
0.0 
. I  
1-25 
1.25 

-1.25 
-1.25 

1143. 
1.25 
0.0 
1.25 
0.0 
1.25 
-2 
1.25 
-2 
1. 25 
.2 
1.25 
-2 
1.25 
.i? 
1-25 
02 
1-25 
02 
1-25 
- 2  
1 - 2 5  
- 2  
-10. 

+l 
+2 
+3 

OR +4 - lSOR 

+ 16 
-9 

OR +ma 

C O M B I N A T O R I A L  GEOMETRY rANU SAPlPLE PRCBLEH 
-1.25 
2.0 
-1.25 
2.0 
4158. 
- 0 5  

0.0 . 05 
-2.0 

2.0 
2 .o 

-2.0 
7135. 
-1.979 
-02  
1.979 
-2 
-2.0 

-1.8 

2.0 

I. 80 

-09 

-.. 45 

0.0 

-45 

09 

10. 

-I  
- 2  
- 7  
+5 
+BOR 
-1  

-10 

- 5  
0.0 
.5 
0-0  
6587. 
.5  

. a  

0.0 
0.0 
-3 . 0 
0.0 
8756.  
-06895 
-4 
-06895 
.4 - -2 
-- 6 
-02 

-06 

-06 

-02  

-96 

-02 

-06 

- 10. 

-8  -9 

1-25 
1e25 
-6- 25 
-1.25 
26’13, 
0.0 

0.0 

1.25 
A025 

-1.25 
-1.25 

2 864- 
0.0 
-2 .5  
0.0 
-2. 5 
-2. 5 

-20 5 

- 2 . 5  

-2 .5 

-2.5 

-2.5 

-2.5 

-2.5 

-2.5 

100 

-1 0 
- 8 0 R  +6 -;. 

+WR +IOOR + 6 1 W  
-2 -3 -4 

1 1 1 1 1  
2 3 4 5 moo 

0 0 ? n r S  IS A C O H B I N A ~ D R I A L  GEWltr‘TRY TANK. 
0.0 -3.0 -2  .o 0.0 3 .0  
0.0 1.0 0.0 0.0 0. 0 

130 

-2 .O 
1.25 
-2.0 

1-25 
5621 . 
-5 

2.5 

-1.8 
1.8 
1.8 

-1 .8 
7821. 
-358 
0.0 
-0358 
0.0 
0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0-0 

0. l? 

0.0 

-10. 

- 6 1  -12 

0.0 
.5 
0 .o 
-5 

4378 . 
-5  

0 .o 

-.8 
-08 
-08 
-.e 
3465 . 119 
0 .cJ 
-179 
0 .D 
0 .o 

0 -0  

0 .o 

0 .O 

0 .o 

0.0 

0 00 

3 .0 

0 .o 

10 . 

-13 -L4 
-9 -10 

-5 -6 -7 -8 
+ L Z C P  +UCR + i 4 m  +is 

2.0 
1.0 
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ARB 

ELL 

1 RC 

ARB 

BCX 

BO& 

RCC 

ncc 

RCC 

RCC 

RCC 

RCC 

RCC 

ncc 

RCC 

IPD 

3.3-3 

W M B I l 4 A l O R I U  t X O M € R V  U k K  SAMPLE PROBLEM 

I W P l  - 0 138; - 0 

BOOV DATA 
I 0~12500000 01 -0 .LZM00Q)  01 0.50000000 00 0.12500000 01  -0~200OOO00 01 0.0 3 

0.12sooom 01 0.200000w 01 0.0 C.IZSOOOO0 OL o.lZ500000 01 0.50000000 00 
- 0 . l Z M O O W  01 -0.125000a) OI O~SOOOOOOO 00 -0.12500000 01 -0~20000000 01 0.0 
-0.12500000 01 0.200000co 01 0.0 -0.I2500000 0 1  0.12500000 01 0.500CoOQo 00 

0.12340000 04 0.415BOOO, 06 0.65810000 O+ O ~ Z 1 l u ) O O O  04 0~56210000 04 0 ~ ~ 3 1 6 0 0 0 0  04  
-Q.LOOOL30~ 01 0.0 0 .o 0.12~A0000 01 

O.LGOOOOO3 01 0.0 0.0 O.lZKM000 01 
0.0 0.0 0.L00~0000 01 0.0 
0.0 0.55410020 00 -0.83235030 00 0.11094000 01 
0.0 -0.55410020 00 4.83255030 00 0.11094000 01 
0.90138183 00 O.bOOoQW0 01 

0.0 0.0 -0.iooaowo 01 o . ~ ~ o o o o o  00 

2 0.0 -0.SOQoOOa) OO 0.50000000 00 0.0 0.500oO000 00 0.5000wW 00 35 
0.l5OO0040 01 

3 0.0 0.0 0 . 8 0 W O O O O  00 0.0 0.25000000 01 0.0 
0.1000OOQ) GO 0.500OOOW-Ol 

4 0.I2Y)00(10 01 -0.2c0000Q) 01 0.0 0.12500000 0 1  -0.l80WOOD 01 -0~80000000 
O . L ~ M O P O  01 0.20000000 OL 0.0 O . I Z 5 O O ~ O O  01 C.LBO00OOO 01 -0 .800OQOO 

-0.1250oow 01 0.2000004) O1 0.0 - 0 . i i 5 0 0 3 0 0  o.incwooo 01 -o.oooo'~oo; 
-0.l25000al 01  -0.200000w 01 0.0 -~.ILSOOOOO 0 1  -O.LCOM;OOO 01 -o.aooooooo 

0.12430000 04 0.11350000 06 0.81560000 04 0 .286400JO 0 4  0-182iOOOO 0 4  0-34650000 
-0.1000000~ 01 0.0 0 .o O . l Z M 0 0 0 0  01 

0.0 0.0 -0.100>0000 01 0.0 
0.1000000> 01 0.0 0 .o 0.I25OOOO0 01 
0.0 0.0 O.ID03J000 O X  0.800000OD OP 
0.0 0.91014250 00 0.212535bO GO O.lQ402850 01 
0.0 -0.91014250 06 0.242535bO GO 0.19402850 01 
0.8?4az113 00 o.6omoao 01 

5 o . 1 2 ~ 0 ~ 0 ~  01 - o . ~ q i ~ o o m  OL -0 .6n9soooo 00 0.0 0.35800000 00 J.llwJCnfXXj 
0.0 -0~200000oD 00 0 ~ 6 O O O O O O ' J  00 4 . 2 5 0 0 D G O D  0 1  0.0 O'C 

6 0-IZMOOW 01 O.:9790OCKl OL -0.68950000 W 0.0 . d . l S R C S O O O  00 0.17900000 
0.0 0 ~ 1 ~ 3 0 O O B  00 0.COOOJOOrJ 00 -6.25004000 01 3.0 0.0 

1 0.125300C10 01 - 0 . 2 O M O C ' D  01 - C . ? C C O K J O  00 - 0 . 2 5 0 0 W 5 V  0 1  0.0 0.0 
0.20000009 CO 

a o . t ~ ~ ~ o 0 0  01 -0.i800ooa) 01 - O . ~ O O O O O O G  06 -0.2500oo~o 0 1  0.0 0.0 
0.20LJ0000 GO 

9 0.1250s000 01 0.2c000cm 01 -0.20000000 00 -0.25000000 01 0.0 0 .o 

4* 

00 54 
00 
00 
00 
04 

00 0 6  

0 0  100 

114 

123 

132 
0.200000w O@ 

0.20000CJD 00 

0.200000w 00 

10 0 . 1 2 ~ 0 0 0 0  Gi 0.l8OOOOm 01 -0.D0000000 00 -0.2500000c 0 1  0.0 0.0 141 

I 1  0.12M00W 01 -0.9000000[3 W, -3.60030000 00 -0-25000000 01 0.0 0.0 150 

12 0.11500000 01 -0.45GOOOW 00 -0.20000000 00 -0.25000030 01 6.0 0.0 159 

13 0.12'30700 01 0.0 -0~C0000000 00 -0.25000000 bl 0.S 0.0 168 

14 0,12500000 01 0.450000a) -0.20000000 00 -0.25000000 0 1  0.0 0.0 117 

15 O.lZ500000 01 C.9CWMW 00 - 0 . 6 X O Q O O D  00 - O ~ 2 5 0 0 0 0 0 0  0 1  0.0 0.0 186 

0.2000com 00 

0 . 2 0 0 5 0 ~ 3 0  00 

0.20000~a) 00 

o.~ooooom 00 .- 
* 6  -o .~owoooo 0 2  0.11 :ooom CQ -O .~OOOUOOO 02 O.IOOO~OOO 0 2  -o IOOCOOOD 02 O.IOOOOMX) 02 195 
17 0.0 0.0 0.0 0.0 1 .O 0.0 203 END 

N J M B E R  OF f S l 0 l E S  16 
LENGlH UF F P W A B Z A Y  208 



3.3-4 

INPUT ZQIIE O&TA 
I O  : 0 0 0 0 0 0 
2 0  2 -1  0 0 0 0 0 
3 0  3 - 2  0 0 0 0 0 
4 OOR 4 -7  -8 -9 -10 -11 -12 

0 
0 

0 -9 -10 0 0 
EN0 0 0 0 0 0 

)UMBER OF I N P W  ZONES 6 
NJHBER OF ( D O E  ZONES 16 
LENGTH OF INTffiCEP ARRAY 353 

COO€ ZONE 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
I2 
13 
14 
15 
16 

KNPUT ZONE 
1 
t 
3 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 

LONE M T A  L3;- 
113 

127 
136 
177 
190 
203 
208 
21 3 
21 8 
223 
22 8 
233 
23 8 
213 
24 8 

ii a 

0 0 0 
0 0 0 

NO, OF eoolEs 
1 
2 
2 

10 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 

11 

0 0 
-13 -14 

0 0 
14OR 15 
-7 -8 
0 0 
0 0 

&€CION NO. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

I L R l t I I  K P t ( 1 t  
1 1 1 
2 2 2 
3 3 3 
4 4 6 
5 7 15 
6 16 16 

MORSE REGION I N  INPUT Z ( I U E ( C 1  OIZRAV MRIZ(1l.I~l. 61 

1 1 1 1 1 1  

MORSE MEDIA I N  INPUT L O # f I )  LRRAV MM1Z(l1eI=l. 61 

1 2 3 4 S I C O C  

OPTIOhl 0 WAS USED IN C A L C U A T I N G  VOLWES. fOR 1 REGIONS 
0 - S E I  bOLUYES = 1. 1-CONCENIUIC SPHERES. 2 - S L I B S .  3-INPUIVOLUHES- 

13 
L C  
15 
2 7  
2 16 
2 17 
2 17 

MEDIA NO. 
1 
2 
3 
4 
4 
4 
5 
5 
5 
5 
5 
5 

5 
5 

1000 

< d 

VOCWES (CM** I  USE0 I N  COLLISIONS O E N S I T Y  AN0 TRACK LENCrH ESIIMATORS. 
REG I 

VOLUME I.OOO(i 00 
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3.3-5 

I,. _I 

T H I S  IS A COW81YATORIAL GEOMETRY TANK. 

ZONE GEOHETRY 

THE SELECTED ATABLE VALUES ARE 
. I E T  A 0  

UPPER LEF? 
COOROIN AVES 

LOWER R I G H T  
COORO I NA lE S 

X 0.0 
Y -013000E 01 
z -0,2000E 01 

U A X I S  
X iX#N< 

X 0 -0 

z 0.0 
Y i.aoooo 

0.0 
0.3000E 01 
0,2000E 01 

v n x t s  
%ACROSS< 

0.0 
0.0 
I .  aoooo 

OELWfC 0.3077E-01 
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G
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0
0
9
0
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O
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A
A
A
A
A
A
A
A
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~
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l
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0
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0
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0
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0
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~
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A
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~
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~
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A
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O
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AA
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50
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00

03
11

1 
A
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~
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~
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4.1-1 

4.1. ABSTRACT 

The MORSE code is a mul t ipu rpose  n e u t r o n  and gamma-ray t r a n s p o r t  

Monte Car lo  code. Through t h e  use  of nu l t ig r r ?up  cross s e c t i o n s ,  the 

s o l u t i o n  of n e u t r o n ,  g a m - r a y ,  o r  coupled n e u t r o n - g a m - r a y  problems 

may b e  o b t a i n e d  i n  e i t h e r  t h e  forward or  a d j o i n t  mode. Time 2ependerlre 

€or b o t h  s h i e l d i n g  and c r i t i c a l i t y  problems is provided.  General  t h rep -  

d imens iona l  geometry may be used w i t h  an  al\ect.\ o p t i o n  a v a i l a b l e  a t  any 

material s u r f a c e .  

Standard mult igroup c r o s s  s e c t i o n s  such  as those  used i n  d i s c r e t e  

o r d i n a t e s  codes may be used as i n p u t ;  e i t h e r  ANISN or  DTF-;V c r o s s -  

s e c t i o n  f o r m t s  are  accep tab le .  A n i s o t r o p i c  s c a t t e r i n g  i s  t r ? a t e d  f o r  

each group-to-group t r a n s f e r  >ty u t i l i z i n g  a g e n e r a l i z e d  G?.us?ian quad- 

r a t u r e  technique.  The n o d u l a r  form of t h e  code w i t h  bui. l t .- ia a a l y s i s  

c a p a b i l i t y  f o r  a l l  t ypes  of es t im;tors  makes i t  p o s s i b l e  t o  s o l v e  a 

complete neutron-gamn-ray problem a s  one job and w i t h o u t  t h e  use oi 

t a p e s .  

A d e t a i l e d  d i s c u s s i o n  of the  r e l a t i o n s h i p  between fo,ward and 

a d j o i n t  flux and c o l l i s i o n  d e n s i t i e s ,  as w e l l  as z d e t a i l e d  d - s c r i p t i o n  

of t h e  t r ea tmen t  of t h e  a n g l e  of s c a t t e r i n g ,  is given.  
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4.2. INTRODUCTION 
The g u l t i g r o u p  cak Ridge _Stochast ic  gxpzriment  code (MORSE) is a 

mul t ipu rpose  n e u t r o n  and gamma-ray t r a n s p o r t  Monte Car lo  code. 

its f e a t u r e s  i n c l u d e  t h e  a b i l i t y  t o  t r e a i  t h e  t r a n s p o r t  of e i t h e r  n e u t r c n s  

or gamma r a y s  or a coupled neu t ron  and secondary gamma-ray problen?, t h e  

i n c o r p o r a t i o n  of mult igroup cross s e c t i o n s ,  an o p t i o n  of s o l v i n g  e i t h e r  

t h e  forward o r  a d j o i n t  problem, modular i npu t -ou tpu t ,  c r o s s  s e c t i o n ,  

a n a l y s i s  and geometry modules, debugging r o u t i n e s ,  t i m e  dependence for 

b o t h  s h i e l d i n g  apd c r i t ! c a l i t y  problems, a lbedo  o p t i o n  a t  any material 

boundary, t h ree -d imens ion~ l .  combina to r i a l  geometry package, and s e v e r a l  

t y p e s  of  optio:ial  i nqor t ancc  sampling.  

Some of 

T r a d i t i o n a l l y ,  Nonte Car-lo codes f o r  s o l v i n g  neu t ron  and gama- ray  

t r a n s p o r t  problems have been s e p a r a t e  codes.  

p h y s i c s  GI; t h e  i n t c r s c t i m  p r o c e s s e s  and t h e  corresponding c r o s s - s e c t i o n  

in fo rma t ion  r e q u i r e d .  

employed, t h e  energy gruup t o  energy group t r a n s f e r s  c o n t a i n  t h e  c r o s s  

s e c t i o n s  fo r  a l l  proces;es .  

to-group t r a n s f e r  has an a s s o c i a t e d  a n g u l a r  d i s l r i b u t i r n  w h i c h  is a 

weighted average over t h e  v a r i o u s  c r o s s  s e c t i o n s  involved i n  t h e  energy 

t r a n s f e r  p rocess .  Thus, t h e s e  m d t i g r o u p  cross s e c t i o n s  have t h e  same 

format  f o r  bo th  neu t roas  afid garma rays.  

secondzry gamma rays may be  cons ide red  as j u s t  a n o t h e r  group-to-group 

t r a n s f e r .  The re fo re  us ing  multigroiip c r o s s  s e c t i o n s ,  t h e  l o g i c  of t h e  

random walk p rocess  ( t h e  p r o c e s s  of b e i n g  t r a n s p o r t e d  from on2 c o l l i s i o n  

to a n o t h e r )  is  i d e n t i c a l  f o r  bo th  n e u t r o n s  and gamma r a y s .  

"his has been due t o  t h e  

Frcwevcr, when m u l t i g r o q  cross s e z t i o n s  a r e  

Also, f c i ~  a n i s o t r o p i c  s c a t t e r i n g  each  g r o u p -  

I n  a d d i t i o n ,  t h e  gene ra t ion  of 

The use of mult igroup c r o s s  s e c t i o n s  i n  a Monte Car lo  co?e means 

t h a t  t h e  e f f o r t  r e q u i r e d  t o  produce c r o s s - s e c t i o n  libraries i s  reduced.  

Coupled neu t ron  gamma-ray sets are a v a i l a b l e  from t h e  Rad ia t ion  S; i ie lding 

In fo rma t ion  Cen te r  a t  Ock Ridge X a t i o n a l  Laboratory.  

2 Cross s e c t i o n s  may be r e a 6  in e i t h e r  t h e  DTF-IV1 format  or h!!ISN 

and DOT3 format.  

The a u x i l i a r v  in fo rma t ion  g i v i n g  th* number o f  groups,  e l emen t s ,  c o e f f i -  

c i e n t s ,  etc. ,  is  used t o  produce t h e  n e c e s s a r y  p r o b a b i l i t y  t a b l e s  needed 

by the  random walk module. 

The ANISN-DOT type may be  i n  e i t h e r  f i x e d  or  f r e e  Iorm. 

The p o s s i b l e  t r a n s p o r t  cases t h a t  can be  
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t r e a t e d  are n e u t r o n  o n l y ,  gamma r a y  o n l y ,  coup led  neutron-gamma r a y ,  

g a m a  r a y  from a codp led  set, and  f i s s i o n ,  w i t h  a l l  o f  t h e  above o p t i o n s  

f o r  e i t h e r  a fo rward  or a d j o i n t  case and f o r  i s o t r o p i c  or a n i s o t r o p i c  

s c a t t e r i n g  up t o  a P16 expans ion  of  t h e  a n g u l a r  d i s t r i b u t i o n .  

o f  s t o r i i l g  t h e  Legendre  c o e f f i c i e n t s  f o r  u s e  i n  n next -event  e s t i m a t o r  

is a l s o  p rov ided .  

The o p t i o n  

The s o l u t i o n  o f  -he forward  o r  normal t r a n s p o r t  e q u a t i o n  by Monte 

C a r l o  g e n e r a l l y  invo1ve.c a s o l u t i o n  f o r  

w i t h  phase  s p a c e  c o o r d i r ; t e s  l e a v i n g  c o l l i s i o n s .  Q u a n t i t i e s  of in-  

terest  are t h e n  o b t a i n e d  b j  summing t h e  c o n t r i b u t i o n s  o v e r  a l l  c o l l i s i c n s ,  

and f r e q u e n t l y  o v e r  most of phase space .  

d e r i v e d  i n  S e c t i o n  4.10 and are w r i t t e n  as E q s .  ( 4 0 )  and '95). 

( P I ,  t h r  d e n s i t y  o f  p a r t i c l e s  X 

The e q u a t i o n s  s o l v e d  are 

I n  sone cases, i t  is of i n t e r e s t  t o  s o l v e  t h e  a d j 3 i i . t  problem. 

T h i s  r e q u i r e s  s o l v i n g  a t r a n s p o r t  p roblem w i t h  t h e  d e t e c t o r  r e s p o n s e  

as a s o u r c e .  

q u a n t i t i e s  are d e r i v e d  i n  S e c t i o n  4 .10 .  

by MORSE are Eqs. (93) and (99).  

t h e  l o g i c  of t h e  random walk is t h e  s a w  as t h e  forward  mode. 

I n p u t  t o  MORSE is r e a d  i n  f i v e  separa1.e module$.: 

The v a r i o u s  r e l a t i o n s h i p s  between t he  a d j o i n c  and forward 

The a d j o i n t  equations s o l v e d  

I n  u t i l i z i n g  t h e s e  a d j o i n t  equ;.cions, 

(1) walk ;  ( 2 )  

c r o s s  s c c t i o n ;  ( 3 )  u s e r ;  ( 4 )  s o u r c e ;  and (5: g c o n e t r y .  The walk i n p u t  

is r e a d  i n  5ubrol; t irres INPUT1 and 1NPUTZ and i n c l u d e s  a l l  v a r i a b l e s  needed 

f o r  t h e  walk p r o c e s s .  

*module subrout ines  XSEC, JNPUT, rrnd READSG. The p a r a m e t e r s  Reeded to  

se t  a s i d e  s t o r a g e  are  r e a d  i n  S E C ,  t h e  mixing  parariieters are r e a d  :n 

.!!PUT, and t h e  ac tua l -  cross s e c t i o n s  are r e a d  by REA9SC;. C r o s s  s e c t i o n s  

may b e  e i t h e r  on c a r d  o r  on t ape .  

of t h e  h i s t o r i e s  is read  by s u b r o u t i n e  SCQRZN of t h e  a n a l y s i s  package 

which is c a l l e d  from INPUTZ. S i n c e  t h e  s o u r c e  v a r i e s  from problem to  

problem, i r p u t  may a l so  b e  r e a d  i n  by  s u b r o u t i n e  S0RIN f o r  t h e  d e f i n i t i o n  

of t h e  s o u r c e .  

a d d i t i o n a l  i n p u t  r e q u i r e d  by  the user may be r e a d  i n  by s u b r o u t i n e  lNSCOR 

which is c a l i e d  from SCQRIN. 

The c r o s s - s e c t i o n  i n p u t  is read i n  c r o s s - s e c t i o n  

I n p u t  i n f o r m a t i o n  r e q u i r e d  f o r  a n a l y s i s  

The geometry i n p u t  is r e a d  by s u b r o u t i n e  .J@lIS. Any 

I n  g e a e r a J ,  o u t p u t  o f  ir?p*Jt p a r a i r e t e r s  o c c u r s  i n  t h e  Same r e d t i n e  

i n  v h i c h  t h z  i n p u t  was r ead .  I n  a d d i t i o n ,  t h e r e  are t w o  r o u t i n e s  (QUTPT 
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ar.a 0UTPT2) f o r  t h e  o u t p u t  01 r e s u l t s  of t h e  random walk process .  

Output of a n a l y s i s  r e s u l t s  is g e n e r a l l y  performed i n  s u b r o u t i n e  NRUN, 

b u t  may also be done i n  a u s e r - w r i t t e n  r o u t i n e  ENDRLN which is c a l l e d  

by IJRUN. 

k (  
t -  

Figure  4.1 shows the  h i e r a r c h y  of  s u b r o u t i n e s  f o r  WJRSE. From 

t h i s  diagram i t  is p o s s i b l e  t o  see t h e  f u n c t i o n s  of t h e  modules. The 

i n p u t  s e c t i o n  takes care of s e t t i n g  up a l l  v a r i a b l e s  needed id t he  

t r a n s p o r t  p rocess .  Note t h a t  j n i t i a l  c a l c u l a t i o n s  by t h e  c r o s s - s e c t i o n  

module stem from XSEC. The a n a l y s i s  p o r t i o n  of t he  code i s  i n t e r f a c e d  

w i t h  M0RSE through BASKK w i t h  s e v e r a l  uses made of c r o s s - s e c t i o n  r o u t i n e s  

i n  making estimates of t h e  q u a n t i t y  of i n t e r e s t .  With t h e  excep t ion  of 

o u t p u t  from t h e  walk p rocess ,  t h e  rest of t h e  code c o n s i s t s  of s u b r o u t i n e  

c a l l s  by M$RSE. 

t h e  sou rce  .‘s i n t e r f a c e d  through MS@U!?. 

pendent and any p a r t  of  i t  may b e  executed froin any r o u t i n e .  

The d i ag : io s t i c  mo3ule p rov ides  an easy  means of p r i n t i n g  out ,  i n  

The geometry module i s  i n t e r f a c e d  through G@ST and 

The d i a g n o s t i c  module is  inde- 

u s e f u l  form, t h e  in fo rma t ion  i n  t h e  v a r i o u s  l a b c l l e d  conmons and any 

p a r t  of blank comon.  The IBM-360 v e r s i o n  a l s o  h a s  the  fo l lowing  

f e a t u r e s :  a s p e c i a l  r o u t i n e  is  provided f c r  p r i a t i r l g  o u t  t h e  p a r t i c l e  

bank; by load ing  p a r t s  of c o i z  u i t h  a junk word, t h e  d i a g n o s t i c  package 

can determine which v a r i a b l e s  have been used; 

f e a t u r e  is  a l s o  included.  

i “ r e p e a t i n g  l i n e ”  

The geometry module c o n s i s t s  of  t h e  c o n h i n a t o r i a l  geometry package 

(CC) which i s  & s c r i b e d  i n  S e c t i o n  1.7. It  is based on t h e  M4GI com- 

b i n a t o r i a l  g e o ~ c e t r y ~ ’ ’  b u t  t h e  format w a s  changed t o  f i t  t he  MdRSE 

f o r n i t :  e .g . ,  s u b r o u t i n e s  JgMIN, LdoKZ, and N@R?% had t o  b e  w r i t t e n .  

The 05R-type 

easier t o  use  and w i l l  h m d l c  a l l  cases. 

6 geoms t r i e s  are no l o n g e r  maintained because t h e  CG is 

An albedo s c a t t e r i n g  may b e  f o r c e d  t o  occur  a t  eve ry  e n t r y  i n t o  

a s p e c i f i e d  medium. A sample s u b r o u t i n e  is provided f o r  s p e c u l a r  re- 

f l ecL ion  and a s u b r o u t i n e  ca l l  is provided ( A L B I N ,  c a l l e d  from XSEC) 

f o r  r e a d i n g  and s t o r i n g  albedo d a t a  of any degree  of cvmplexity.  

t r a n s p o r t  of p a r t i c l e s  may b e  c a r r i e d  c u t  i n  p a r t s  of t h e  problem and 

Zn a lbedo  s c a t t e r i n g  t r e a t e d  €o r  o t h e r  p a r t s  of t h e  problem. 

Thus 
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Time dependence is  inc luded  by keep ing  t r a c k  af t h e  c h r o n o l o g i c a l  

a g e  of t h e  p a r t i c l e .  For n e u t r o n s  t h e  age is incremented by t h e  time 

needed to t r a v e l  t h e  d i s t a n c e  between c o l l i s i o n s  i f  i t  t r a v e l e d  a t  a 

v e l o c i t y  co r re spond ing  to t h e  average ene rgy  of t h e  group. P r o v i s i o n  

is made f o r  i n p u t t i n g  a the rma l  group v e l o c i t y  s e p a r a t e l y .  N o n r e l a t i v i s -  

t i c  mechanics are assumed. The age of secondary g a m  r a y s  is determined 

from t h e  neu t ron  age a t  t h e  c o l l l s i o n  si te and is incremented by d e t e r -  

mining t h e  t i m e  r c q u i r e d  to t r a v e l  between c o l l i s i o n s  a t  t h e  speed o f  

l i g h t .  For f i s s i o n  problems t h e  age of t h e  p a r e n t  is  given t o  t h e  

d a u g h t e r s  a t  b i r t h .  

There are s e v e r a l  t y p e s  of importance sampling t echn iques  ir lcluded 

i n  t h e  code. 

o p t i o n  i n  NQRSE. Also t h e  e x p o n e n t i a l  t r a n s i o r n  i s  provided w i t h  

pa rame te r s  a l lowed a s  a f u n c t i o n  of ene rgy  and r eg ion .  Source me:-gy 

b i a s i n g  i s  an o p t i o n  a s  w e l l  a s  Energy b i a s i n g  a t  each c o l l i s i o n .  I n  

f i s s i o n  pro!)lems the  f i s s i o n  we igh t s  may b e  renormalized a s  a f u n c t i o n  

o f  an  estimate of k so t h a t  the number of h i s t o r i e s  p e r  gene ra t io i l  

r e m a i n  approximately c o n s t a t .  I f  d e s i r e d ,  all importance! sampling may 

be tu rned  o f f .  

The Russian r o u l e t t e  and s p l i t t i n g  l o g i c  af 05R is Ltn 

Some oLher g e n e r a l  f e a t u r e s  i n c l u d e  t h e  a b i l i t y  t o  run p r o b l e n s  

wi thou t  t h e  use of magnet ic  t a p e s ,  t h e  c b i l i t y  t c  t e r m i n a t e  a j o b  in-  

t e r n a l l y  a f t e r  a sc t  e l a p s e d  C.P .U .  time and o b t a i n  t h e  oi i tput  based  3~ 

t h e  number of h i s t o r i e s  t r e a t e d  up t o  t h a t  time, bnich  p i 0 ~ 2 s s i r 1 g  f o r  

t h e  purpose of determining s t a t i s t i c s  for groups  of p a r t i c l e s ,  and a 

r e p e a t  run  f e a t u r e  so t h a t  r e s u l t s  f o r  a time-dependent f i s s i o n  p r o b l e n  

may be o b t a i n e d  w i t h  s t a r i s t i c a l  estimates. 

c o u n t e r s  p e r m i t s  one t o  o b t a i n  an i n s i g h t  i n t o  t h e  phys ic s  of t h e  

problem. 

.!'.r? o u t p u t  of n w r o u s  

Descript:ons of :he s u b r o u t i n e s  are found on t h e  fo l lowing  pages.  

D e t a i l e d  d e r i v a t i o n s  of  v a r i o u s  forms of t h e  t r a n s p o r t  e q u a t i o n  2nd a 

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

are a l s o  inc luded .  
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4 . 3 ,  INPUT INSTRUCTIONS 

4.3.1. Random Walk I u s u t  I n s t r u c t i o n s  

The i n p u t  read by s u b r o u t i n e  INPUT1 i s  as f o l l o v s :  

CARD A ( 2 0 A 4 )  

T i t l e  ca rd .  

(Any c h a r a c t e r  o t h e r  t han  a b l a n k  or a lphamer i c  i n  c o l u m  one w i l l  

t e r m i n a t e  the job.)  

CARD B (1015,F5.0,215) 

NSTRT 

NMrdST 

NITS 

NQUIT 

NGPQTN* 

NGPQTG" 

NMGP* 

NMTG . 

NCPUTP 

IADJH 

AXTIM 

MEDIA 

- nunber  of p c l r t i c i e s  p e r  batci,.  

- maximtm number o f  p a r t i c l e s  a l lowed f o r  i n  t h e  b a n k ( s ) ;  

m y  e q u a l  NSTRT f f  no  s p l i t t i n g ,  f i s s i o n ,  and  secondary 

g e n e r a t i o n .  

- number of b a t c h e s .  

- n u d x r  of secs of NITS b a t c h e s  t o  be run w i t h o u t  c a l l i n g  

s u b r o u t j n e  INPUT. 

- number of neu t ron  gro.Jps being analyzed. 

- number of gamma-ray g r o u p s  h e i z g  .dna'.yzed. 

- number of Tiimary D a r t i c l e  groups for  which c r o s s  

s e c t i o n s  are s t o r e d ;  

sare a s  NGC, when N W  = 0) on Card >ID road by subrou t i r i e  

XSEC. 

s l - . o d d  b e  same as NGP ( o r  t h e  

- t o t a l  number o f  groups f o r  which c r o s s  s e c t i o n s  are 

storcd; 

r e a d  by s u b r o u t i n e  XSEC. 

the c o l . l i s i o n  t a p e  i s  w r i t t e n  by t h e  u s e r  r o u t i n e  BnlMR. 

shou ld  b e  same as NGP+SGG as  r e a d  on Card XB 

- s e t  F r e a t e r  t h a n  z e r o  i f  a c o l l - i s i o n  t ape  is  d e s i r e d ;  

- se t  g r c a t e r  t han  z e r o  f o r  2n a d j o i n t  problem. 

- rnaxinum c l o c k  t i m e  i n  minutes  a l lowed for  t h e  problem 

t o  be on t h e  computer (360/91 C.P.U. t i m e ) ;  

e n t e r e d  h e r e  a l l o w s  4 and 1/2 minutes .  

e .g. ,  4.5 

- number of c r o s s - s e c t i o n  media;  shou ld  a g r e e  w i t h  N?ED 

on Card XI3 r e a d  by s u b r o u t i n e  XSEC. 

*See T a b l e  4 . 1  f o r  sample i n p u t .  
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NG P 
SGC 

Table 6.1. Sample Group Input Numbers for Some 

Representa t ive  Problems* 

-- 
Case A - Neutron Only Cross S e c t i o n s  ( 2 1  groups) 

Case B - Gamma-Ray Only Cross S e c t i o n s  (l>r,rc;ups! 

Case C - Neutron-Gama-Ray-Coupled Lross S e c t i o n s  (22-15 groups) 

I Problea  Type 
I 

22 18 22 0 22 t 
0 0 0 1 8  18 CAR11 XB 

x 
d 

2: 4 
0 

? >last  be = to tcbtal number of nt-utron groups in the  data  - ot1.erwise i: 
p i c k s  up gamms from wrong l o c a t i o n .  
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4.3-3  

MEDaLB - a lbedo  s c o t t e r l n g  = d i m  Is a b s o l u t e  va lue  of XEDALB; 

i f  MEDALB = 0,  no a lbedo  i t f o r m a t i o n  t o  be  read i n ,  

MEDALB < 0 .  a lbedo  on ly  problem - no c r o s s  s e c t i o n s  

are to be  rcad, 
MEDALB > 0, coupled albedo and t r a n s p o r t  problem. 

CARD C (415,SE10.5) 

ISBUR 

NCPFS 

ISBIAS 

N ~ T U S D  

XTSTKT 

EYdm 

EBdTG 

TCUT 

VELTH 

- s o u r c e  energy group I f  > 0, 

i f  IS0LlR < 0 or i f  IS@LTR = 0 and XGPFS # 0, S a R I N  

is c a l l e d  f o r  i n p u t  o f  Cards E l  and E2. 
- number of groups f o r  which t h e  s o u r c e  s p e c t r u n  Is to  

b e  de f ined .  I f  IS6iX < 0 ,  KCPFS > 2 .  

- no s o u r c e  energy b i a s i n g  i i  se t  e q u a l  co ze ro ;  o t h e r -  

w i s e  t h e  sou rce  energy is to be b i a s e d ,  and Cards E2 

a r e  r e q u i r e d .  

- an  unused v a r i a b l e .  

- weight a s s igned  t o  each sour'ce p a r t i c l e .  

- iower energy l i m i t  of lowest  ncvi:ron g ~ o m  (eV> 

(group h'i-XP) . 
- lower energy l i n i t  of lowest  gamma-ray group (ev )  

(group N?lTC). 

- age i n  sec ai vh ich  p a r t i c h s  a r e  r e t i r e d ;  i f  TCIJT = 0, 

no t i m e  k i l l  i s  performed. 

- v e l o c i t y  c f  group SVCP when KGPQTN > 0; j .e . ,  tnemal- 

n e u t r c n  v e l o c i t y  ( c d s e c )  . 
C A W  D (7E10.4) 

XSTRT 
YSTRT 
ZSTRT 

XGSTRT - s t a r t i n g  age f o r  sou rce  p a r t i c l e s .  

UINP 
VINP 
UINP 

c o o r d i n a t e s  for source  p a r t i c l e s .  I 
1 source  p a r t i c l e  d i r e c t i o n  r o s i n e s  i f  a l l  are 

z e r o ,  i s o t r o p i c  d i r e c t i o n s  a r e  chosen. 

Source d a t a  on Cards C and D w i l i  be  ove r r idden  by any changes i n  sub-  

r o u t i n e  SgLIRCZ. 

CARDS E l  (7E10.4) (Omit i f  IS8LR on Card C > 0 o r  i f  ISWX = NGPFS = 0) 
NCPr'S v a l u e s  of FS, where FS e q u a l s  t he  u n n o r m l i z e d  f r z c t i o n  of  

s o u r c e  p a r t i c l e s  i n  each group. 
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4.3-4  

CARDS EL (7E10.4) ( O m i t  i f  ISgUR > 0 o r  i f  ISOUR 0 and TSBIAS = 0) 

I f  I S B I A S  > 0 ,  X Y F S  v a l u e s  of B F S ,  t h e  r e l a t i v e  importanct. of a 

s o u r c e  i n  group I ,  are r e q u i r e d .  

CARDS F (7E10.4) 

NXTC v a l u e s  of ENER, t he  e n e r g i e s  ( i n  eV) a t  the  upper  edge of t h e  

enerGy group boundaries.  

XOTE: The l o v e r  e n e r g i e s  of  groups NP!GP an?. KMTS were read on 

Card C. 

CARD G (215,5X,3611,5X,1311) (Omit i f  NCdLTP on Card B 5 0) 

NHISTR 
NHISMX 

- l o g i c a l  t ape  number f o r  t h e  f i r s t  c o l l i s i o n  tape.  

- t h e  h i g h e s t  l o g i c a l  number t h a t  a c o l l i s i o n  t a p  may 

b e  a s s igned .  

NBIND(J )  J-1, 36 - an index  t o  i n d i c a c e  the  co l ! i s ion  paramecers 

t o  b e  w r i t t e n  on tape.  

NC@LLS(J),  J=1 ,  13 - an index t o  i n d i c a t e  t h e  t y p e s  of c o l l i s i o . i s  

t o  b e  pu t  on t ape .  

(See Tables  4 . 2  and 4 . 3 2  for i n fo rma t ion  concerning S B I N D  an3 KCd:.LS.) 

CARD H (Z12),  011 TBX-360; (820) CDC-'Jh@O; ( 4 X , ( 4 ~ 2 )  011 u N I V ~ ~ \ c - 1 1 @ ~  

&WDQM 

CARD I (715) 

NSPfT 

NKILI. 

NPXST 

XGLEAK 

I E B l A S  

ZLYREG 

M X G P  

I 

- s t a r t i n g  random i?liinher. 

- i ndex .1nd icn t ing  cha t  s p l i t t i n g  is allowed i f  -. 0. 

- index i n d i c a t i n g  t h a t  Iidssinn r o u l e t t e  is  dllowed i f  

- index indic .2t ing t h a t  cxponcn tin1 t r ans fo rm is ini*o;ted 

i f  0 ( subrou t ine  D I E C  r e q u i r e d ) .  

0. 

u- 

- index i r d i c a t i n g  t h a t  non-leakage is  invoked i f  0. 
- index i n d i c a t i n g  t h a t  enerl;y b i a s i n g  i s  allowed i f  

- number o? r e g i o n s  d e s c r i b e d  by geometry inpu t  ( w i l l  bc 

0. 

s e t  t o  on2 i f  5 0 ) .  

- group number o f  l a s t  group f o r  which Russian r w l c t t e  

o r  s p l i t t i n g  or exTonenti.31 t r ans fo rm is t o  be per- 

formed. F o r  a d j o i n t ,  s e t  =- NXTG o r  Gver s to r ing  r e s u l t s .  



...... 

4.3-5 

T a b l e  4.2.  V a r i a b l e s  T h a t  May Be Writ ten on T a p e  (NBlM)) 

Variable 
c_ 

J - J Variable* 

19 WTBC 

20 ETAUSD 

21 ETA 

22 AGE 

23 flLDAGE 

24 NREG 

25 NMED 

26 N W Y  

1 N C ~ L L  

2 NAME 

3 IG 

4 U 

5 V 

6 W 

7 X 
8 Y 
9 Z 

11 IC0 
1 2  U 0 L D  
13 VBLD 

1 4  W@*D 

15 XQLD 

16 YQLD 

1 7  ZgLD 
i a  OLDWT 36 

27 WATEF 

2 8  BLZKT 10 WATE 
29 BLZ$N 

30 VZL(IG) 

31 VEL ( K O )  
32 TSIG 

33 PKAB 

3& NXTRA 

35 EXTRA1 

EXTRA2 
- 

*These v a r i a b l e s  are d e f i n e d  i n  T a b l e  4.4 a n d  T a b l e  4 .5 .  
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i 4.3-6 

CARD J (615,4E10.5) ( O m i t  i f  NSPLT + hXILL + W A S T  = 0) 

from energy group N G P l  t o  eii?rgy group NGPZ, I n c l u s i v e ,  i n  :;zl I s t e p s  o f  NDG and from reg ion  K R C 1  t o  N R G 2 ,  i n c l u s i v e ,  i n  
NGPZ s t e p s  of NDRG, t he  f o l l o w i n g  weight  s t a n d a r d s  and path-  

N R G l  s t r e t c h i n g  pa rame te r s  are absigned.  If N G P l  = 0 ,  groups 1 

N m G  1 tc MAXG? w i l l  b e  used; i f  NRG1 = 0, r e g i o n s  1 to  %REG 

NRG2 w i l l  b e  used (both i n  s t e p s  of a r e ) .  U s i a l l y  NDG = 1 and 

NDRG = 1. 

WT11IH1 - weight  above which s p l i t t i n g  w i l l  occur .  

WTLgW1 - weight  below which Russian r o u l e t t e  is  p layed .  

WTAVEl - weight  g iven  those  p a r t i c l e s  s u r v i v i n g  Russian r o u l e t t e .  

PATH - pa th - l eng th  s t r e t c h i n g  parnmerers  f o r  use i n  e x p o n e n t i a l  

t r ans fo rm (usu.ally 0 2 PnTfi < 1). 

The above in fo rma t ion  i s  r e p e a t e d  u n t i l  d a t a  f o r  a l l  groups and 

r e g i o n s  are i n p u t .  

End Cards J wit!)  n e g a t i v e  valuef  !.IGP1 ( e x . ,  -1 i n  c o l u m s  4 a:id 5 ) .  

CARDS K (7E10.4) ( O m i c  i f  IEBIAS on Card 1 :- 0 ) .  

((EPK@B(IG,NREC,) , IC, = 1, N N X )  , SKEC = 1 ,  PIXREG) 

Values of t h e  r e l a t i v e  energy importance of p a r t i c l e s  l c a v j n g  3 

c o l l i s i o n  i n  r e g i o n  FiREG. I n p u t  fv r  each r e g i o n  must s t a r t  on a 

new c a r d .  

C A M  L (415) 

NSdUR - s e t  5 0 f o r  a f i x e d  source  problem; o t h e r w i s e  t h e  

s o u r c e  is from f i s s i o i i s  gene ra t ed  i n  a p r e v i o u s  ba t ch .  

MFISTP - i n d e x  f o r  f i s s i o n  problem, i f  5 0 no f i s s i o n s  are  

al lowed.  

NKCALC - t h e  number of t h e  f i r s t  b a t c h  t o  b e  i n c l u d e d  i n  t h e  

estimatr of k ;  i f  0 no estimate of k is made. 

NgRMF - t h e  weight  s t a n d a r d s  and f i s s i o n  we igh t s  are unchanged 

o t h e r w i s e  f i s s i o n  w e i g h t s  w i l l  b e  m u l t i p l i e d ,  i f  5 0; 
a t  t h e  end of each b a t c h ,  by t h e  l a t e s t  es t ina te  of k 

and t h e  we igh t  s t a n d a r d s  a r e  m u l t i p l i e d  by t h e  r a t i o  

of f i s s i o n  w e i g h t s  produced i n  p r e v i o u s  b a t c h  t o  t h e  

ave rage  s t a r t i n g  weight  f o r  t h e  p r e v i o u s  b a t c h .  For 

time-dependent decay ing  sys t ems ,  NgRXF shou ld  b e  > 0. 

! 
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4.3-7 

CARDS M (7E10.4) (Omit i f  KFISTP on Card I, 2 0) 
(FWL@(I), I = 1, KXREG) v a l u e s  of t h e  weight  t o  b e  a s s i g n e d  t o  

f i s s i o n  neu t rons .  

CARDS N (7E10.4) (omit i f  MFISTP on Card L 0) 
(FSE(IG,IMED), I G  = 1, W G ) ,  IMED = 1, MEDIA) t h e  f r a c t i o n  of 

f i s s ion - induced  s o u r c e  p a r t i c l e s  i n  group T G  and medium IMED. 

NOTE: I n p u t  fo r  each  medium must start  on a new ca rd .  

CARDS 0 (;E10.5) (Omit iE NGPQTN = 0 or NGPQTG = 0, i . e . ,  i n c l u d e  i f  

coupled neucron-gamma-ray problem) 

((GWL@(IG,NREG) I G  = 1, NHGP o r  NMTG - NMGP) , NREG = 1, FDEREG) - 
v a l u e s  of  t h e  p r o b a b i l i t y  of g e n e r a t i n g  a gamma ray .  NNGP groups 

are r e a d  f o r  each  r e g i o n  i n  9 forward problem and ?ElTG-NFlGP f o r  

an a d j o i n t .  I n p u t  f o r  each r e g i o n  must start ori a new ca rd .  

4.3.2, Comb i n a t o r i r  l Geometry Inpuc I n s t r u c t  ions 

The c o m b i n a t o r i a l  geometry i n p u t  d a t a  i s  r e a d  by t h e  JdMIN sub-  

r o u t i n e ,  e x c e p t  f o r  the r eg ion  volumes L T @ R ( X ) ,  which are r e a d  by t h e  

GTVL.IN subrou t in , ?  whenever IVdPT = 3 .  For c l a r i t y  of terminology,  t h e  

terms "regions" and "media" have e s s e n t i a l l y  t h e  same meaning as i n  t h e  

0SR Geometry Package, b u t  are c o n s t r u c t e d  i n  a d i f f e r e n t  manne;. 

term "zone" is t h e  same as t h e  "region" as d e f i n e d  i n  t h e  o r i g i n a l  com- 

b i n a t o r i a l  geometry package. 

t h e  o r i g i n a l  c o m b i n a t o r i a l  g e m e  t r y  package. 

The 

The t e r m  "body" has  t h e  same m a n i n g  a s  i n  

CARD CGA ( 2  IS, lox,  10116) 

IVePT - option which d e f i n e s  the method by which r e g i o n  vo lunes  

are determined;  i f  

IVgPT = 0,  volumes se t  e q u a l  to 1, 

IVQPT = 1, c o n c e n t r i c  s p h e r e  volumes are c a l c u l a t e d ,  

IVgPT = 2 ,  s l a b  volumes (1-dim.) are c a l c u l a t e d , *  

IVBPT = 3 ,  volumes axe i n p u t  by 'card.  

IDBG - i f  IDBG > 0, s u b r o u t i n e  PR i s  c a l l e d  t o  p r i n t  r e s u l t s  

of c o m b i n a t o r i a l  geometry c a l c u l a t i o n s  d u r i n g  e x e c u t i o n .  

Use o n l y  for debugging. 

JTY - alphanumeric  t i t l e  f o r  geometry i n p u t  (columns 21-80). 

*Not o p e r a t i o n a l .  



CARDS CGB (2X,A3, l X ,  14,6DlO. 3) 

One set o f  CGB c a r d s  is r e q u i r e d  f o r  each  body and f o r  t h e  END c a r d  

(see Tab le  4.3). Leave columns 1-6 b l a n k  on a l l  c o n t i n u a t i o n  c a r d s .  

ITfPE - s p e c i f i e s  body t y p e  or  END t o  t e rmina te  r e a d i n g  of body 

d a t a  ( fo r  example BgX, WP, ARB, e tc . ) .  Leave b l ank  

f o r  c o n t i n u a t i o n  c a r d s .  

IALP - body number a s s igned  bi* user ( a l l  i n p u t  body numbers 

must form a sequence s e t  beg inn ing  a t  1). I f  l e f t  b l a n k ,  

numbers are as s igned  s 2 q u e n t i a l l y .  E i t h e r  a s s i g n  a l l  o r  

qone of t h e  numbers. Leave b l ank  f o r  c o n t i n u a t i o n  c a r d s .  

FYD(1) - real d a t a  r e q u i r e d  f o r  the  g iven  body a s  shown i n  

Tab le  4.3.  T h i s  d a t a  must b e  i n  cm. 

CARDS CGC (2X,d3 , I5,9 (A2,15) ) 

I n p u t  zorle s p e c i c i c a t i o n  c a r d s .  One s e t  of c a r d s  r e q u i r e d  f o r  each 

i n p u t  zone, w i t h  i n p u t  zo.ie numbers b e i n g  a s s igned  s e q u e n t i a l l y .  

IALP - IALP must be z nonblank f o r  t h e  f i r s t  c a r d  o f  each set 

of c a r d s  d e f i n i n g  a n  i n p u t  zone. If IALP is  b l a n k ,  this 

c a r d  is t r e a i e d  as a cont:inuation of t h e  p r e v i o u s  i m e  

NAZ 

c a r d .  

ZALP - END deno tes  t h e  end of zone d e s c r i p t i o n .  

- t o t a l  number of zones tha t  can b e  e n t e r e d  upon l e a v i n g  

any of t h e  b o d i e s  de f ined  f o r  t h i s  in;Jut r e g i o n  (some 

zones may b e  counted more tlran once) .  Leave b l ank  f o r  

c o n t i n u a t i o n  c a r d s  f o r  a given Lone. 

t h e  f i r s t  c a r d  of t h e  zone c a r d  s e t ,  t hen  i t  is  se t  to 

5 ) .  T h i s  is used t o  a l l o c a t e  b l ank  common. 

A l t e r n a t e  IIBIAS(1) and JTY(T.) f o r  a l l  b o d i c s  d e f i n i n g  

t h i s  i n p u t  zone. 

( I f  NAZ f 0 on 

IIHIAS(1) - s p e c i f y  t h e  "@R" o p e r a t o r  i f  r e q u i r e d  fo r  t h e  JTY(1) 

body. 

JTY(1) - body number wi th  t h e  (+) or (-) s i g n  as r e q u i r e d  f o r  

t h e  zone d e s c r i p t i o n .  

4 . 3 - 8  



Table 4.3. I n p u t  Required OD. CGR Cards f o r  Each Body Type 

- I 

Card Columns ITYPE IALP Real  Data Def in ing  P a r t i c u l a r  Body Number of I 

Body Type 3-5 7-10 11-20 21-30 31-/+0 41-50 51-60 61-70 Cards Needed 
I 

Box B0X IALP i s  Vx VY vz Hlx H 1  Y 1112 1 of 2 

Right P a r a l l e l e -  RPP by t h e  Xmin Xmax Y m i n  Ymax Z m i n  Zmax 1 

Sphere SI" code If vx VY 

Right C i r c u l a r  RCC blank.  Vx v Y V Z  Hx HY 
Cy1 i n d e r  R 

2 of 2 ass igned 112x H2y 1127. H3x H3Y H3 z 

piped u s e r  o r  
L;. the  

l e f t  
- 1 vz R - 

H Z  1 of 2 - 2 of 2 - - - - 
Right  E l l i p t i c  REC 
Cy 1 inde  r 

E l l i p s o i d  ELL 

Truncated TRC 
Right Cone 

vx VY vz Hx HY H Z  1 of 2 
Rlx R l Y  R 1  z R2x R2Y R2 z 2 of 2 

v2z 1 "f 2 
- 2 of 2 

Vlz v2x V2Y - - I 

Vlx V l Y  - I, 

H Z  1 of 2 
- 2 or' 2 

v Z Hx HY - - - vx VY 
I. 1 L:! 

F 
w 

I 
\o 

Right Angle WF,D o r  vx V Y  v 2 H L X  H l Y  Hlz 1 of 2 
2 of 2 Wedge RAW 112x H2Y tl2z H3x 113y 1432 

-----.-- 



- I 

.. L 

T a b l e  4 . 3  ( C o n t ' d . )  

Card  Columns ITYPE l A l , l J  Real D a t a  l > c f i n i i i g  P a u t i c i i l a r  Body Number of 
Body Type 3-5 7-10 11-20 21-30 31-40 1-1-50 51-60 61-70 Cards  Needed 

A r b i t r a r y  ARB 
P o l y h e d r o n  

Vix V l y  VI z v2x V2Y v2z  1 of 5 
v3x v3y v3 z VSX V4Y v4 z 2 of 5 
v5x V5Y v 5 z  Vhx " 6 Y  V6z 3 of 5 
v7x V7Y v 7  z V 8 X  V 8 Y  v a z  4 or  5 

F a c e  D e s c r i p t i o n s  ( s e e  n o t e  b e l o w )  5 of 5 

END T e r m i n a t i o n  of 
Body I n p u t  Data 

NOTE: Card  5 o f  t h e  a r b i t r a r y  polyhcdror ,  i n p u t  c o n t a i n s  a f o u r - d i g i t  number f o r  e a c h  of t h e  six 
f a c e s  of a n  A R B  body.  The f o r m a t  i s  6D10.3, b e g i n n i n 6  i n  column 11. See t h e  ARB w r i t e - u p  
i n  S e c t i o n  4 . 7  f o r  a n  example .  

W 
I 
P 
0 
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- - . _-_ CARDS CGD (1475) 

MRIZ(1) - MRIZ(1)  is t h e  r e g i o n  number i n  which t h e  " I th"  i n p u t  

zone is con ta ined  (I = I, t o  t h c  number of  i n p u t  zones ) .  

Region numbers must b e  s e q u e n t i a l l y  d e f i n e d  from 1. 

CARDS CGE (1hI5) 

MMIZ(1) - MMIZ(1) is t h e  medium number i n  which the  "I th"  i n p u t  

zone is con ta ined  (I  = 1, t o  t h e  number o f  i n p u t  zones ) .  

Medium numbers must be  s e q u e n t i a l l y  d e f i n e d  from 1. 
CARDS CGF (7D10.5) ( O m i t  i f  IVdPT # 3) 

WdR(I) - volume of t h e  "I th"  r eg ion  (I  = 1 to MXKEG, t h e  

number o f  r e g i o n s ) .  

4 . 3 . 3 .  

CARD XA (20P.4) 

MdRSEC - Cross-Sect:on Module I n p u t  I n s t r u c t i o n s  

T i t l e  ca rd  f o r  c r o s s  s e c t i o n s .  

i f  a processed t ape  i s  w r i t t e n ;  t h e r e f o r e ,  ;t i s  sugges t ed  t h a t  

t h e  t i t l e  b e  d e f i n i t i v e .  

Th j s  t i t l e  is  a l s o  w r i t t e n  on t a p e  

CARD XB (1315) 

NGP* - t h e  number of  primary groups f o r  which t h e r e  a r e  cross 

s e c t i o n s  t o  be s t o r e d .  ShoulC be same as NMGP i n p u t  i n  

N~RSE.  

NDS - number of primary downsca t t e r s  f o r  XGP ( u s u a l l y  KGP). 

NGG* - number of secondary grcups f o r  which t h e r e  arc c r o s s  

s e c t i o n s  to  be  s t o r e d .  

NDSG - number of secondary downsca t t e r s  for NGG ( u s u a l l y  N G G ) .  

INGP* - t o t a l  number of groups f o r  which c r o s s  s e c t i o n s  are t o  

b e  i n p u t .  

ITBL - t a b l e  l e n g t h ,  i . e . ,  t h e  number of cross s e c t i o n s  f o r  

each group ( u s u a l l y  e q u a l  t o  number o f  downsca t t e r s  + 
number of u p s c a t t e r s  + 3). 

ISGG - l o c a t i o n  of within-group s c a t t e r i n g  c r o s s  s e c t i o n s  

(uscall-y e q u a l  t o  number of  u p s c a t t e r s  + 4 ) .  

NMED - number of media f o r  which c r o s s  s e c t i o n s  a r e  t o  be  

s t o r e d  - shou ld  b e  same as E D I A  i n p u t  i n  HgRSE. 

*See Table  4.1 for samplc i n p u t .  
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NELCN - number of c l e n e n t s  f o r  which c r o s s  s e c t i o n s  a r c  t o  be  

read. 
NMlX - number of mixing o p e r s t i o n s  ( e l emen t s  times d e n s i t y  

o p e r a t i o n s )  to  be  performed (must be  1). 

0' NC0EF - n u d e r  of c o e f f i c i e n t s  f o r  each elemerit, i n c l u d i n g  F 
NSCT 

ISTAT - flag t o  store Legendre c o e f f i c i e n t s  i f  g r e a t e r  t han  

- number of d i s c r e t e  a n g l e s  ( u s u a l l y  NC0EF/Zinzegral 1. 

zero.  

CARD xc (1115) 

- s w i t c h  to p r i n t  t h e  c r o s s  s e c t i o n s  as they a r e  r e a d  

if > 0. 
- s i r i t ch  t o  p r i n t  c r o s s  s e c t i o n s  a s  they are s t o r e d  i f  

> 0. 

- s w i t c h  t o  p r i n t  i n t c rmed ia  

i f  > 0. 

- swi t ch  t o  p r i n t  moments of 

- switch L O  p r i n t  a n g l e s  and 

- swi t ch  t o  p r i n t  r e s u l t s  of 

i f  > 0. 

e r e s u l t s  of  v ' s  c a l c u l a t i o n  

w g u l i i r  d i s t r i b u t i o n  if 0. 

p r o b a b i l i t i e s  i f  > 0. 

bad Legendre c o e f f i c i e a c s  

- s w i t c h  t o  signal t h a t  i n p u t  format is D ' F - I V  f o r m t  

ii > 0; o t h e r w i s e ,  ANISN format is  zssurued. 

- l o g i c a l  t a p e  u n i t  i f  biniiry c r o s s  s e c t i o n  :ape,  set  

e q u a l  t o  0 i f  c r o s s  s e c t i o n s  are from c a r d s .  I f  

n e g a t i v e ,  then t h e  p rocessed  c r o s s  secticns and o t h e r  

necessa ry  d a t a  from a prev ious  run w i l l  be r e a d ;  i n  

t h i s  c a s e  (IXTAPE < 0) n o  c r o s s  s e c t i o n s  from c a r d s  

and co mixing c a r d s  may b e  i n p u t .  The a b s o l u t e  v a l u e  

of  IXTAPE is t h e  l o g i c a l  t a p e  u n i t .  

- l o g i c a l  t a p e  u n i t  of a processed c r o s s - s e c t i o n  t a p e  t o  

b e  w r i t t e n .  T h i s  processed t a p e  w i J l  con ta in  t h e  t i t l e  

c a r d ,  t h e  v a r i a b l e s  fcom common L0CSIG and t h e  p e r t i n e n t  

c r o s s  s e c t i o n s  from b lank  comon  

?Switches a r e  ignored i f  IXTAPE < 0. 
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I06RT - l o g i c a l  t ape  u n i t  of a p o i n t  c r o s s - s e c t i o n  :ape i n  

06R format .  

IGQPT - l a s t  group (X6RSE mul t ig roup  s t r u c t u r e )  for which t h e  

06R p o i n t  c r o s s  s e c t i o n s  are t o  be used ( 5 NHCP). 

CARD W (1415) ( O m i t  i f  IXTAC” 5 0) 

Element i d e n t i f i e r s  for c ross - sec t ion  tape. I f  e lement  i d e n t i f i e r s  

are i n  same o r d e r  as elements  on t ape ,  t h e  e f f i c i e n c y  of t h e  code is  

i n c r e a s e d  due to fewer t ape  r ev inds .  

C4RDS XE (Omit i f  IXTAPE # 0) 
I f  cross s e c t i o n s  are i n  free-form, a c a r 5  . i i th **. in  columns 2 and 

3 n u s t  p recede  t h e  a c t u a l  d a t a .  

ANISN form: i f  TDTF 2- 0; 

f o r  l N C P  groups w i t h  a t a b l e  l e n g t h  ITBL for NELEM elements  each 

w i t h  NCdEF c o e f f i c i e n t s .  

o the rwise ,  DTF-IV format.  Cross  s e c t i o n s  

CtW3S XF (215.E10.5) (Omit i f  IXTAPE < 0) 

XMIX (see Card XH) ca rds  are r e q u i r e d .  

K >l - nwrliun ntirnber. 

KE - clement number o c c u r r i n g  i n  medium K! ( n e g a t i v ?  v a l u a  

i n d i c a t e s  last mIxinL o p e r a t i o n  f o r  t h a t  m e d i u d .  

F a i l u r e  t o  have a n e g a t i v e  v s l u e  causes  code no t  t o  

g e n e r a t e  angular p r o b a b i l i t i e s  f o r  t h a t  media (LECFSi) 

and L!GLE noc  c a l l e d ) .  

RH0 - d e n s i t y  of  e l e n e n t  KE i n  medium L‘l. 

CARDS XG (T5) (On-i t  iL’ I06R’I 0) 

NXPM - number of p o i n t  c r o s s - s e c t i o n  sets p e r  medium fot.nd on 

an 0 6 ~ ~ 9 ~  tape. 

= 1, t o t a l  cross s e c t i o n  o n l y ,  

= 2 ,  t o t a l  + s c a c t e r i n g  c r o s s  s e c t i o n ,  

= 3, t o t a l ,  s c a t t e r i n g ,  and v * f i s s i o n  c r o s s  secLion. 
-_---_-_____-___--______________I_______------------------------------ 

NOTE: 

penden t ly  o f  ?@RSE u t i l i z i n g  XCHEKR.’ 
t h e  Cross-sect ion c a r d s  XA through XG preceded by a c a r d  as f o l l J w s :  

Format (415) 

Cross s e c t i o n s  and c r o s s - s e c t i o n  i n p u t  d a t a  may b e  checke l  inde-  

The i n p u t  t o  SCHEKR c o w i s t s  of 

IADJE! - ser: g r e a t e r  than z e r o  f o r  an a d j o i n t  problem. 
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- number of c r o s s - s e c t i o n  media; shou ld  e q u a l  N I E D  on 

Card XB. 

- number of primary p a r t i c l e  energy groups f o r  which 

cross s e c t i o n s  are to  b e  s t o r e d ;  should equa l  NCP on 

Card XB. 

- t o t a l  number of energy groups f o r  which c r o s s  secLio?.s 

are to b e  s t o r e d .  Should be e q u a l  t o  INCP on Card XB. 
...................................................................... 
4.3.4. SAFE50 Analys i s  I n p u t  I n s t r u c t i o n s  

The fo l lowing  d a t a  are read from c a r d s  by SCQRIN: 

CARD AA (2GA4) 

T i t l e  i n f o r n a t i o n  - w i l l  be immediately o u t p u t .  

CARD BB (815) 

ND 

"E 

NE 

NT 

NA 

NRESP 

NEX 

NELYD 

- number of d e t e c t o r s  (set  = 1 i f  5 0). 
- number o f  primary p a r t i c l e  (neutron)  energy b i n s  t o  be 

used (must be  5 N E ) .  

- t o t a l  number of energy b i n s  ( s e t  = 0 i f  5 1 ) .  

- number of t i m e  b i n s  f o r  each d e t e c t o r  (may be n e g a t i v e ,  

I n  which case INTI v a l u e s  are t o  be  r ead  and used f o r  

eve ry  d e t e c t o r )  ( s e t  = 0 i f  INTI 5 1 ) .  

- iiumber of  a n g l e  b i n s  (set  = 0 i f  -< 1). 

- number of energy-dependent response f u n c t  

used ( s e t  = 1 if 0). 

- number of e x t r a  a r r a y s  of size "MTG to  be 

( u s e f u l ,  f o r  example, a s  a p l a c e  t o  s tore  

group- to-group t r a n s f e r  probabi  1 i c ies for 

r o u t i n e s ) .  

ons  t o  b e  

s e t  a s i d e  

an a r r a y  of 

e s t i m a t o r  

- number of e x t r a  a r r a y s  a f  s i z e  ND t o  b e  set  a s i d e  

( u s e f u l ,  for  example, as  a p l a c e  t o  s t o r e  d e t e c t o r -  

depeaden t c o u n t e r s )  . 
CARDS CC (3E10.4) (NU c a r d s  w i l l  be read)  

L Y , Z  - d e t e c t o r  l o c a t i o n .  ( I f  o t h e r  than p o i n t  d e t e c t o r s  are 

d e s i r e d ,  t h e  p o i n t  l o c a t i o n s  must s t i l l  be  i n p u t  and 

can be combined w i t h  a d d i t i o n a l  d a t a  b u i l t  i n  to  u s e r  

r o u t i n e s  to  f u l l y  d e f i n e  each d e t e c t o r . )  
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Note t h a t  t h e  d i s t a n c e  between t h e  above p o i n t s  and t h e  XSTRT, 

YSTRT, ZSTRT v a l u e s  and t h e  i n i t i a l  age,  AGSTUT, w i l l  be used t o  

d e f i n e  t h e  lower l i m i t  of t h e  f i r s t  t ime b i n .  

CARD DD (20A4) 

T i t l e  o r  units f o r  t o t a l  r e s p o n s e s  for a l l  d e t e c t o r s .  

used i n  columns 54 through 133 of t h e  t i t l e  f o r  t h e  p r i n t  o f  

W i l l  be 

t h e s e  a r r a y s .  

CARD EE (20A4) 

T i t l e  or units f o r  each t o t a l  r e sponse  f o r  a l l  d e t e c t o r s .  

CARDS FF (7E10.4) 

Response f u n c t i o n  v a l u e s .  

FF ca rds .  

d e c r e a s i n g  ene rgy) .  

NOTE: 

EE, FFl,  . . . FFN, EE,  FFI,  . . . FFN, e tc .  

FF c a r d s  w i l l  b e  r ead .  

NMTG v a l u e s  w i l l  b c  r e a 2  i n  each se t  of 

I n p u t  o r d e r  is from ene rgy  group 1 to NHTG ( o r d e r  of 

Cards EE and FF are r e a d  i n  t h e  f o l l o w i n g  o rde r :  

NRESP sets of EE, 

CARD CG ( 2 0 A 4 )  ( O m i t  i f  NE 5 1) 

U n i t s  f o r  energy-dependent f l u e n c e  f o r  a l l  d e t e c t o r s .  

CAMS HH (14x5) (Omit i f  NE 5 1) 
Energy group numbers d e f i n i n g  lower l i m i t  of  ene rgy  b i , i s  ( i n  

o r d e r  o f  i n c r e a s i n g  group number). 

e q u a l  NGPQrN; 

combined problem, o r  else NGPQTG o r  NGPQTN. 

The NNE ( i f  > 0) er.ergy must 

t h e  NE e n t r y  must b e  set  t o  NMGP + NGPQTG f o r  a 

CARD X I  (20A4) (Omit i f  INTI 5 1) 

U n i t s  for time-dependent t o t a l  r e sponses  f o r  all d e t e c t o r s .  

CARD JJ (20A4) ( O m i t  if INTI - < I o r  NE 5 1) 
U n i t s  f o r  t im and energy-dependent f l u e n c e  f o r  a l l  d e t e c t o r s .  

NT v a l u e s  of upper  l i m i t s  of t i m e  b i n s  f o r  each d e t e c t o r  ( i n  o r d e r  
of i n c r e a s i n g  t ime and d e t e c t o r  number). 

tector m c l s t  s tar t  on a new ca rd .  

is nega t ive .  

U n i t s  for angle-  and energy-dependent f l u e n c e  f o r  all d e t e c t o r s .  

CARDS KK (7E13.4) (On i t  i f  INTI 5 1) 

The v a l u e s  f o r  each  dL- 

INTI v a l u e s  on ly  are r e a d  i f  UT 

They are t h e n  used f o r  e v e r y  d e t e c t o r .  

C A W  LL (20A4) ( O m i t  i f  NA 5 1) 
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CARD NM (7FlQ.4) ((hit  i f  Iin 5 I) 
NA values of upper iinits of angle b i n s  (actually cosine bins ;  

the N& value must equal one). 

Following the input for the SIL\IB@ analysis *.nodule, input cards for 

user-written routines INSC@R, S@'mCE, and EXDRUN. 
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4.4. PAVDOM WALK MODULE 

4.4.1. I n t r o d u c t i o n -  

The b a s i c  random waik p r o c e s s  of choos ing  a s o u r c e  p a r t i c l e  and 

t h e n  f o l l o w i n g  it th rough  its h i s t o r y  of e v e n t s  is governed by t h e  

r o u t i n e s  i n  t h i s  module of MORSE. A g iven  p r c b l e n  is performed by fol- 

Lowing a number of b a t c h e s  of p a r t i c l e s  vhicb t h e n  c o n s t i t u t e  a run .  

M u l t i p l e  r u n s  are also p e r m i t t e d .  Tile La tch  p r o c e s s  f r a t u r e  is used  

so t h a t  s t a t i s t i c a l  v a r i a t i o n s  be tween g roups  o f  p a r t i c l e s  can  b e  

de t e rmined .  n u s  a batc!r o f  s o u r c e  p a r t i c l e s  is g e n e r a t e d  and s t o t e d  

i n  t h e  bank. The random walk Lor t h i s  b a t c h  o f  p a r t i c l e s  is d e t e m i s e d  

b y  p i c k i n g  one  p a r t i c l e  o u t  2'' t h e  bank  and t r a n s p o r t i n g  i t  from c o l l i -  

s i w  t o  c o l l i s i o n ,  s p l i t t i n g  i t  i n t o  two particles, k i l l f n g  by Russi 'm 

r o u l e t t e ,  and g e n e r a t i n g  secoI idary  p a r t i c l e s  {e i ther  garnyu ray ;  or 

f i s s i o n  n e u t r o n s )  and s t o r i n g  them i n  t h e  bank for f u t u i e  p r a c e s s i n g .  

Te rmina t ion  o f  a h i s t o r y  when a p a r t i c l e  i c a k s  frcm t!le syh'rm. r e a c h e s  

an  ene rgy  c u t o f f ,  r e a c h e s  a n  age l i n i t ,  or is F i l l e d  by Hu-:sir.r, r o t ~ l e t : ~ .  

The randcn  walk module pe r fo rms  t h c  riecessary bookkccbpi  i y  for t':.: 

bank and t!ie t r a n s p o r t a t i o n  and g e n e r a t i o n  o f  nev p i r t i c l e s  232 re lays 

r h i s  i n f o r m a t i o n  t o  t h e  a n a l y s i s  w d u l e  f o r  e s t i u t j o i :  of r * i e  d e s i r e d  

q u a n t i t i e s .  Use is made o f  t h e  c r o s s - w c t i o n  module ; p i  t h e  geoclc t iy  

m o d u k  d u r i n g  t h e  random walk proless  and r:.e input-o: t p u t  r o u t i n e s  for 

t h e  r e a d i n g  and p r i n t i n g  of  p e r t i n e n t  i n f o r m t i o n  a b 7 c t  t h e  prcb lem.  

! 

I 

I n  t h i s  n o d u l e  t h e  main p r o g r m  i s ,  used t o  s e t  a 5 i d e  t h e  s t o r a g e  

r e q u i r e d  i n  blanK common and  to p a s s  t h i s  i n f o r m a t i o 3 , t o  s u b r o u t i n e  

310RSE which is t h e  e x e c u t i v e  r o u t i n e  fsJr t h e  randnn '4. lk process .  A f t e r  

pe r fo rming  t h e  n e c e s s a r y  i n p u t  o p e r a t i o n s  and s e t t i n ? '  'JP s t o r a g e  r e q u i r e -  

ments ,  t h e  walk p r o c e s s  c o n s i s t s  of t h r e e  n e s t e d  loop;: one far rms, 

one  f o r  b a t c h e s ,  and t h e  inne r -Eas t  i s  f o r  D a r t i c l e s . '  

t i o n  o f  t h e  b a t c h  l o o p ,  some bookkeeping  is r c q u i r e r .  b e f o r e  t k e  genera-  

t i o n  of a new b a t c h  of s o u r c e  p a r t i c l e s .  A f t e r  thc t e r m i n a t i o n  o f  a 

run ,  a summary of t h e  p a r t i c l e  t r m i n a t i o n s ,  s c a t t e r i n g  c o u n t e r s ,  ar,d 

secondary  p r o d u c t i o n  c o u n t e r s  are o u t p u t ,  as w e l l  as t h e  r e s u l t s  o f  

Russ i an  r o u l e t t e  and s p l i t t i n g  for e a c h  group and r eg ion .  

A f t e r  eac'l terrina- 
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There are only two main l a b e l l e d  comrions (APdLL0 and NUTR(5N) i n  

t h e  random walk r o u t i n e s .  Tables  4 .4  and 4.5 list t h e  def ini t : .ons  of  t h e  

v a r i a b l e s  i n  t h e s e  two commons. Note t h a t  i n  Table G.5 ' 'current ' '  and 

"previous" r e f e r  tc v a l u e s  of parameters  l e a v i n g  t h e  c u r r e n t  arid p re -  

v i c u s  e v e n t  s i t e s ,  r e s p e c t i v e l y  (WTBC is t h e  excep t ion ,  b e i n q  t h e  weight  

e n t e r i n g  t h e  c u r r e n t  event sitc.1. Also n o t e  t h a t  "event" i n c l u d e s  boun- 

dary c r o s s i n g s ,  a lbedo  c o l l i s i o n s ,  e t c . ,  ds w e l l  as real  c o l l i s i o n s .  A 

d e s c r i p t i o n  of b l a n k  common is given i n  Fig.  4.2, a l o n g  w i t h  d e f i n i t i o n s  

i n  Table  4.8.  

A l l  t h e  v a r i a b l e s  used as  l o c a t i o a  l a b e l s ,  exci.pt NGESM, l o c a t e  c e l l  zero  

of an a r r a y .  C e l l s  p:i:?qT t 1 t o  NLAST + SLEFT ,\re a v a i l a b l e  f o r  a n a l y s i s  

a r r a y s  i f  t he  u s e r  J. ipp2ics h i s  own a n a l y s i s  package. 

The l o c a t i o n s  of ' the  v a r i a b l e s  arc g iven  i n  Table  4.9. 

A d e s c r i p t i o n  0: t h e  s u b r o u t i n e s  t h a t  mke up t h e  random walk module 

is  given on t h e  f o l l o v i n g  pages i n  t h i s  s e c t i o n .  

I 

.._. .. ..~"~.." .i ,. , I__ I .  .. ". , _. . . ,. " .  L .  ,_ ._ . A , 
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: a r t i n g  
) c a t i o n  

L0CWTS 

. ,$ . 
\ ,.,’ Nnemonic V a r i a b l e  

Length Name 

&*WrG 

ENZR 
VEL 
FS 

,-BFS 
Cur ren t  Weight } 3*MGPREG 
S tanda rds  
Path ,I MGPREG 

SPLIT and R.R. } 8*?lGPREG 
Count e rs 

. .  

, 

4’ 
I 34*iD10STS see Tab le  4.10 

Bank I \ f o r  d e t a i l s  Cross  ___-_- --. WSEC ,I S e c t i o n s  

NLAST 
F i s s i o n  

User Area 
SAYSO A n a l y s i s  

7*plOST IF ?lFISTP 0 
see Table  4.li for d e t a i l s  

NLEFT see F i g .  4.6 f o r  
d e t a i l s  

I 

Fig .  4.2. General  Layout of Blank Common. 
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Tab le  4 . 4 .  D e f i n i t i o n  of V a r i a b l e s  i n  Common AP0LLQ) 

V a r i a b l e  D e f i n i t i o n  

AGSTRT 

DDF 

DEADWT(5) 

ETA 

ETATH 

ETAUSD 

UIW, VINP, 
WIKP 

WTSTRT 

XSTRT , PSTRT, 
ZSTRT 

TCUT 

XTRr\( 1 0 )  

I O ,  I1 

MEDIA 

I A D J M  

ISBIAS 

I n p u t  s t a r t i n g  age  of sou rce  p a r t i c l e  

S t a r t i n g  p a r t i c l e  weight  as  determined i n  S0RIN 

The summed we igh t s  of t h e  p a r t i c l e s  a t  d e a t h .  The 

f o u r  d e a t h s  are: Russian r o u l e t t e ,  e scape ,  energy,  

and age l i m i t .  DEADWT(5) i s  unused. 

Mean-free-path between c o l l i s i o n s  

Di s t ance  i n  c m  t o  t h e  next  c o l l i s i o n  i f  t h e  p a r t i c l e  

does  nc: encounter  a change i n  t o t a l  c r o s s  s e c t i o n .  

F l i g h t  p a t h  i n  m.f.p. t h a t  has been used s i n c e  t h e  

l a s t  even t  

Inpu; d i r e c t i o n  c o s i n e s  f o r  s o u r c c  p a r t i c l e  

Inpu t  s t d r t i n g  weight 

Inpu t  s t a r t i n g  c o o r d i n a t e s  f o r  soLrce p a r t i c l e .  

Age l i m i t  a t  which p a r i i c l e s  are r e t i r e d .  

Used f o r  t empora r i ly  s t o r i n g  alptianumeric i n f o r n s t i o n  

on ' t i m e  used '  immediately b e f o r e  p r i n t i n g  i t .  

Outpat  and i n p u t  logic.11 u n i t s  

Number of media f o r  which t h e r e  a r e  c r o s s  s e c t i o n s  

Switch i n d i c a t i n g  an a d j o i n t  problem i f  > 0. 

Switch i n d i c a t i n g  that source  energy d i s t r i b u t i o n  i s  

t o  b e  b i a sed  i f  > 0. 

, 
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Tab le  4 . 4  (Cont'd.) 

V a r i a b l e  D e f i n i t i o n  

IS$UR 

ITERS 

ITIME 

ITSTR 

LbC\JTS 

LBCFWL 

LQICEPR 

L0CNSC 

LOCFSN 

MAXGP 

MAXT IM 

Inpu t  s o u r c e  energy group i f  > 0; 

t o  r e a d  i n p u t  spectrum i f  < 0; 

u n l e s s  NGPFS = 0. 

Number of b a t c h e s  s t i l l  t o  be p rocessed  i n  t h e  run.  

Not used 

Switch i n d i c a t i r g  t h a t  secondary f i s s i o n s  are t o  be 

t h e  s o u r c e  f o r  t h e  n e x t  b a t c h  i f  > Q. 

S t a r t i n s  l c c a t i o n  i n  b l ank  comon  of t h e  weight  s t a n -  

d a r d s  and o t h e r  a r r a y s  PlCFREC long  ( s e e  F i g .  4.2 -1-d 

Tab le  4 . 9 )  

S t a r t i n g  location i n  b l ank  conmon of t h e  f i ss ior .  

we igh t s .  

S t a r t i n g  l o c a t i c n  i n  blank cormon of t h e  er.ergy- 

SdRIN is  c a l l e d  

i f  = 0 ,  SQRIN is  c a l l e d  

b i a s i n g  pa rame te r s .  

S t a r t i n g  l o c a t i o n  i n  blank comon  qf  t h e  s c a t t e r i n g  

c o u n t e r s  

S t a r t i n g  l o c a t i o n  i n  b l a n k  corn-on of t h e  f i s s i o n  and  

g a m a - g e n e r a t i o n  p r o b a b i l i t i e s  f o r  each medium and 

group.  

Maximum number of ene rgy  groups f o r  which t h e r e  are  

weight  s t a n d a r d s  or pa th - l eng th  s t r e t c h i n g  pa rame te r s .  

For a d j o i n t  make W G F  = KMTG o r  o v e r s t o r i n g  can o c c u r .  

The e l a p s e d  c l o c k  t i m e  a t  which t h e  prsblem is termin-  

a t e d .  

. . .- . 
x... 

.. k. .. . - '  
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Table 4.1 (Cont 'd.)  
__-I_- - 

V a r i a b l e  D e f i n i t i o n  

HEDALB Medium number f o r  t h e  a lbedo  mediuk. 

MGPREG Product  of number of weight  s t a n d a r d  groups (MXXGP) 

and r e g i o n s  (MXREG). 

MXREG Maximum number of r e g i o n s  i n  t h e  system. 

NALB A n  i n d e x  i n d i c a t i n g  t h a t  an  a lbedo  s c a t t e r i n g  h a s  

occur red  i f  > 0. 

h m m ( 5 )  h'umber of d e a t h s  c f  each type  (see DEAD'W). 

NEWK?l Name of t h e  las t  p a r t i c l e  i n  t h e  bank. 

NGE@!4 Loca t ion  of f i r s t  c e l l  of geometry d a t a  s t o r a g e  i n  

blank common. 

X:GPQTl* The lowes t  energ) group ( l a r g e s t  p;-oup number) f o r  

which pr imary p a r t i c l e s  a r e  t o  be f o l l o v e d .  

NGPQTZ* 

KGPQT3* The lowes t  energy g roup  ( l a r g e s t  S-JU:, number) f o r  

The number of pr imary p a r t i c l e  groups.  

which any p a r t i c l e  is  t o  b2 f o l l o v e d .  

NGPQTC* Number of ene rgy  groups of secondary  p a r t i c l e s  t o  

be fo l lowed .  

NGPQTX* Number of ene rgy  groups of pr imary p a r t i c l e s  t o  be 

fol lowed . 
NITS Num?er of b a t c h e s  p e r  run. 

*See Fig.  4 . 3  for diagram o f  ene rgy  group s t r u c t u r e .  

/ \  



4.4-7 

T a b l e  4.4 (Cont'd.) 

V a r i a b l e  D e f i n i t i o n  

NKCALC 

M I L L  

NLAST 

mGP* 

NYd S T 

PirlTG* 

N0LEAK 

NPAST 

hTSCL (13) 

The f i r s t  b a t c h  t o  be used f o r  a k. c a l c u l a t i o n .  I f  

0 ,  k i s  n o t  c a l c u l a t e d .  

An index t o  i n d i c a t e  t h a t  Russian r o u l e t t e  is t o  be  

played i f  > 0. 

The l a s t  c e l l  i n  blank common t h a t  was used b:: t h e  

c r o s s - s z c t i o n  s t o r a g e  or i s  set  a s i d e  for banking. 

The l o c a t i o n  of t h e  n e x t  p a r t i c l e  i n  :he Saiik to  be 

processed.  

The number of primary p a r t i c l s  groups f o r  which t h e r e  

a r e  c r o s s  s e c t i o n s .  

The maximum number of p a r t i c l e s  t h a t  the bank. can hold.  

The t o t a l  number of energy groups ( b o t h  primary and 

secondary)  for which ?here are c r o s s  s e c t i c n s .  

An index which i n d i c a t e s  t h a t  r~on leakaze  p.it!i - l e n g t h  

s e l e c t i o n  is  t o  be used i f  > 0. 

An index t o  i n d i c a t e  t h a t  t h e  f i s s i o n  parameters  are 

t o  be renormalized i f  > 0. 

An index  t o  i n d i c a t e  t h a t  t h e  e x p o n e n t i a l  t r ans fo rm 

is  t o  be used i f  > 0. 

An a r r a y  of  c o u n t e r s  of e v e n t s  f o r  each ba tch :  

(1) s o u r c e s  gene ra t ed  

( 2 )  s p l i t t i n g s  o c c u r r i n g  

*See Fig. 4.3 for  diagram of ene rgy  group s t r u c t u r e .  
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Table 4.4 (Cont'd.) - -- - 
Var iab le  D e f i n i t i o n  

(3) f i s s i o n s  o c c u r r i n g  

(4) gamma r a y s  gene ra t ed  

(5) real c o l l i s i o n s  

N Q U I T  

NSIGL 

NSBUR 

NSPLT 

NSTRT 

NXTM 

NXTIU (3-10) 

(6) a lbedo  s c a t t e r i n g s  

(7)  boundary c r o s s i n g s  

(8) e scapes  

(9) energy c u t o f f s  

(10) time c u t o f f s  

(11) Russian r o u l e t t e  k i l l s  

(12) kuss i an  r o u l e t t e  s u r v i v o r s  

(13) gamma r a y s  n o t  generated because Lank was f u l l  

Number of r u n s  s t i l l  t o  he processed.  

S t a r t i n g  l o c a t i o n  of t h e  bank i n  b l ank  common. 

An i ndex  i n p u t  to i n d i c a t e  t h a t  f i s s i o n s  are t o  be 

t h e  s o u r c e  f o r  f u t u r e  ba t ches .  

An index to i n d i c a t e  t h a t  s p l i t t i n g  is t o  be considered 

if > 0. 

The number of p a r t i c l e s  t o  be s t a r t e d  in each ha tch .  

NXTRA(1) used to t r a n s f e r  hIEFT from ZM'UT1 t o  INPUTZ. 

NXTRA(2) used t o  t r a n s f e r  NCPQTO from. INPLlTl t o  IhTiPUT2. 

Not used. 



' U  

NGPQTl.7 

KGPQTZ+ 

NGPQT3+ 
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Forward Ad jo int  

I - - - -  

NGPQTN I _ - - -  
I 

I 

1 

- - 
NMGP 

---I _ _ - -  

,_-I _ _ - -  

I 

+NCPQT3 

+KGPQTZ 

NOTE: NGPQTl = NGPQT3 for neutron o n l y  or gama ray on ly .  

Fig. 4 . 3 .  Diagram of Energy Croup Structure 



Tab le  4.5. D e f i n i t i o n  of V a r i a b l e s  i n  NUTRON Common 

- 
V a r i a b l e  D e f i n i t i o n  

XLW 

NAHEX 

IG 

i G 8  

NXED 

MEGflLD 

NREG 

u,v,w 
U@LD ,Va!.D, 
Wb2.D 

X,Y,:? 

X@LD,Y@LD, 
zbLn 

WATE 

QLDh'T 

WTBC 

I B L Z N  

IBLZd 

AGE 

0Ll)ACE 

P a r t i c l e ' s  f i r s t  name. 

P a r t i c l e ' s  f a m i l y  name. 

Cur ren t  ene rgy  group index.  

P rev ious  ene rgy  group index .  

Medium number a t  c u r r e n t  l o c a t i o n  

Medium number a t  p r e v i o u s  l o c a t i o n .  

Region nunber a t  c u r r e n t  l o c a c i c n .  

Cur ren t  d i r e c t i o n  c o s i n e .  

P rev ious  d i r e c t i o n  c o s i n e s  

(Note t h a t  p a r t i c l e s  do not marry.)  

Cur ren t  l o c a t i o n .  

P rev ious  l o c a t i o n .  

Cur ren t  weight .  

P rev ious  we igh t .  (Equal t o  WTSC i f  na p a t h  l e n g t h  

s t r e t c h i n g . )  

Weight just before  current collision. 

Cur ren t  zone number. 

P rev ioos  zone number. 

Current  age.  

P rev ious  .ige. 
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T a b l e  4.6. L i s t  of R o u t i n e s  A l t e r i n g  V a r i a b l e s  

in NUTRflN Cornion 

V a r i a b l e  R o u t i n e  Where V a r i a b l e s  May b e  A l t e r e d *  

NAME 

NAMEX 

I G  

1 G0 

RED 

FEDOLD 

NREG 

U,V,W 

"@LD, F$LD, 
W@LD 

X,Y,Z 

X@LD,YQ)LI), 
ZflLD 

WATE 

QLDWT 

WTBC 

IBLZN 

I B L Z 0  

AGE 

OLDAGE 

MS$UR, rS0UR 

MSgUR, FS0UR 

MSBUR. S0URCE, FS@JR, CQLISN 

MSBL'R, ?l@RSE 

MSQUR, GgMST, FSQUR 

MSQUR, MQRSE, NXTCaL 

MSQUR, G@HST, FSgUR 

MSgUR, FSOUR, CdLTSN 

YSflUR, MdRSE 

ElSdUX, GdXST, FSBUR 

MSdUR, YORSE, NSTCdL 

MSQ)UR, SeURCE, TESTW, GETETA, GTIdUT, FSeUR, NX'I'CgL, C0LIS.X 

MSQLT, MdRSE, TESTW 

NXTCBL 

M S d U R ,  GGXST, F S 0 U R  

M S @ U R ,  MdRSE, NXTCdL 

MSOUR, NXTCQL, FS0UR 

MSOLIR, :f@RSE, hXTC0L 

*Does n o t  i n c l u d e  r o u t i n e s  w h e r e  v a r i a b l e s  are t e m p o r a r i l y  a l t e r e d  b u t  
r e s t o r e d  before  r e t u r n i n g  t o  c a l l i n g  program. 
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Table  4.7. Subroutines in Which VGriables 

i n  NUTRBN Common are Changed 

-.-_I-- 
._ 

Subroutine Variables Changed 

M4)RSE 
-- --- 

la, UbrJ, V4)LD, WgLD, BLDWT, XBLD, YBLD, ~ O L D ,  

I B L Z B ,  MEDgLD, $LDACE 

MSBUR all except WTBC 

SQURCE WATE, IC 

(TESTW) (KATE, @LINT) * 
h?iTCOL WTBC, ACE, (XBLD, YOLD, ZBLD, IRLZO, MEDgLD, 4)LDACE), 

( WATE) 

CETETA (WATE) 

Gdxsr X, Y, Z, NAED, NREG,  IBLZN 

(XLSUQ) ti, Y, w 

C d L I S B  T G ,  U, V ,  W ,  WATE 

(GTIBUT) VATE 
--.---_- ---- 

_I 

*Indicates  p o s s i b l e  change or call. 
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. . . . . . .-. ,. .' 

4.4-13 

Tab le  4.8. D e f i n i t i o n s  of V a r i a b l e s  

in Random Walk Blank Common 

Mnernonic 
V a r i a b l e  

Name De f i n  i t i c n  

EPJER (IC) 

VEL ( I G )  

Upper energy boundary of group I C  ( i n  e V ) .  

V e l o c i t y  co r re spond ing  t o  t h e  mean ene rgy  f o r  neu t ron  groups 

and t h e  speed of l i g h t  f o r  gamma-ray groups ( i n  c n / s e c ) .  

3 
1 

FS ( IC) Unbiased s o u r c e  spectrum - unnormalized f r a c t i o n  of sou rce  

p a r t i c l e s  i n  each ene rgy  group - t ransformed t o  c.d.f .  by 

SBRIN. 

Biased s o u r c e  spectrum - r e l a t i v e  importance of each energy 

group - t ransformed t o  b i a sed  c . d . f .  by SaRZN. 

Weight above which s p l i t t i n g  is performed (vs. group and 

r e g i o n ) .  

Weight below which Russian r o u l e t t e  is  perforrced (vs. 

group and r e g i o n ) .  

Weight t o  b e  a s s i g n e d  Russian r o u l e t t e  s u r v i v o r s  (vs .  

group and region). 

BFS ( I G )  

WTHI(IG, 
NREG) 

W T L ~ ~ Z G ,  
NREG) 

W A V  ( I G ,  
NREG) 

PATH ( KG , 
NREG) Exponent ia l  t r ans fo rm pa rame te r s  (vs .  group and r e g i o n ) .  

NSPL (IG, 
NREG) S p l i t t i n g  c o u n t e r  i vs .  group and r e g i o n ) .  

WSPL ( I G ,  
NREG) Weight e q u i v a l e n t  t o  NSPL. 

Counter f o r  f u l l  bank when s p l i t t i n g  was r eques t ed  (vs.. 

group and r e g i o n ) .  

hx@s (I G , 
NREG) Weight e q u i v a l e n t  t o  NgSP. 



RRKL( IC ,  
NREC) 

WRKL ( I C ,  
NREG) 

RRSU(IC, 
hXEG) 

hXSU ( I C ,  
NEC) 

INIKHI 
(IC,NREC) 

1NIWL.E 
( J G , N R E G )  

INIWAV 
(IC, NREC) 

INIFLQ 
(NREG) 

EFRB (IC, 
NREG) 

NSCT(IC, 
NREG) 

WSCT(1G. 
N R X )  

NALB (IC, 
NREC) 

4.4-14 

Table 4 . 8  (Cont'd.) - -- 
Mnemonic 
V a r i a b l e  

Name D e f i n i t i o n  
-_1_ 

Russ ian  r o u l e t t e  dcath  c c u n t e r  (vs. g r o u p  arid region). 

Weight e q u i v a l e n t  to RJGL. 

Russ i an  r o u l e t t e  s u r v i v a l  c o u n t e r  (vs.  g r o u p  and r e g i o n ) .  

Weight e q u i v a l e n t  t o  RRSL:. 

I n i t i a l  v a l u e s  of WTHI a r r a y .  

I n i t i a l  v a l u e s  of WTL~ a r r a y .  

I n i t i a l  v a l u e s  of WrXV a r r a y .  

Weights  t o  be a s s i g n e d  

I n i t i a l  v a l u e s  of  FkZ0. 

Weights  t o  be  a s s i g n e d  

and r e g i o n ) .  

to f i s s i o n  daughters (vs. r e g i o n ) .  

to s e c o n d a r y  p a r t i c l e s  (vs. group  

R e l a t i v e  impor t ance  of energy g r o u p s  a f t e r  s c a t t e r i n g  ( v s .  

g roup  and r e g i o n ) .  P r e s e n t  o n l y  i f  IEBIXS i 0. 

Number of real  s c a t t e r i n g s  ( v s .  g roup  and r e g i o n ) .  

Weight e q u i v a l e n t  t o  NSCT. 

Number of a l b e d o  s c a t t e r i n g s  (va. group and r e g i o n ) .  
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Table  4.8 (Cont'd.) 
-- * ..VI_ -- - 
--I_ 

Mnemonic 
Variable ._ 

Name D e f i n i t i o n  
-c 

NFIZ ( I C ,  
NREG) 

WIZ( IG, 
NREG) 

NGA!!( IC, 
N E G )  

WAY( IG, 
KREG) 

GHGN( IG, 
L?lEI)) 

Weight e q u i v a l e n t  to t1AL.B. 

Number of f i s s i o n s  (-4s. group and region) .  

Ueight  e q u i v a l e n t  t o  W 1 Z .  

h'unibcr of secondary product ions  ( v s .  F,rCJtJp and r e g i o n ) .  

Weight e q u i v a l e n t  to  WtLbl. 

\ 
i 
? 

t 

\ 
Sc i l t t er ing  counter  ( v s .  c r o s s - s c c t i c r ,  medium). 

P r o h a S i l i t y  r-f gcAnctratirig f i s s i o n  neutron ( v s .  groiip 

ard lnediun) . 
Source spectrum for f i s s ion - induced  neutrons  i n r  each 

group - input  as  frequency of group I C .  

Probabi l i ty  of generat ing  secopdary p c r t f c l e  (vs.  group 

and medium). 



Table 4.9. Indexing of R a n d o m  Walk B l a n k  C o m m o n  A r r a y s  

M n e m o n i c  
V s r i a b l e  Locat ion of A r r a y  i n  B l a n k  C o m o n  

N a m e  ! B C ( I )  or N C ( 1 ) )  

ENER( IG) BC(1); I = I G  

VEL(IG) I = h i T G  + I(; 
FS (IC) I = Z*NHTG + TG 
BFS ( IG) I = 3rtNMTC + I G  

WTHI ( T G  , NREG) B C ( 1 ) ;  I = LOCWTS + (NREG-.l)*MABGP + I C  

!arc3 ( IG , NREG) 

WTAV(?G,NREG) I L@CWTS + :*MCPREG + ( h ' R E C - l ) * > ~ X G P  + ;G 

PATH( IG,WREG) I = L0CIV'TS + 3*MGPFLEG + (NREC--l)*?I;\>;GP + 1 C  

I = LQCWTS + MGPREC: + (NREG-?)*>kZSGP + I G  

KSPL(IG,NREG) 

\<SPL(IC,NKEC) 

K8S P ( Ti:, N R X  

U:L$S (IC, NREG) 

R R U ( I G , N R E G )  

h F X L  ( I G  , NREG) 

RRSU ( I C ,  NRZG) 

WRSb ( I G ,  NKEG) 

N C ( I ) ;  1 = L@Ch"S + G*MGPF.EG + ( N R E G - l ) i X A X G P  + I C  

I = IL'JCIJTS + S*MG:'i.:EG 4- (NREG-l)*>L-?YCP + 1 G  

I = LdCWTS + 6*MGl'F:EG + (KREG-l)*>LZSCP + I G  

I = LflCWlS + 3*MGPFIEG + (NREG-l)*?UXGP + IC 
1 = LOCWTS + 6"MGPKEG + (SREG-i)*?AYGP + I C  

1 = LGCkrTS + 9*YCI'REC + (XREG-l )*?MXG? -4 I G  

I = LPCWTS + 10*MGIIREC i ( N R E G - l ) * ? k U C P  + I G  

I = L d C W T S  + 11*FIGI1P.EC i (NREG-?)*?M>(GP + IC 
- 

INIIJHI(TG,NREG) B C ( 1 ) ;  E = L 0 C W l S  + 12*!lGI'REG + (NREG-l )*WdYGP + I C  

I N X L @  ( I G  , NREG) I = L@XTS + 13"b:GI'REG + (NXEG-l)*?lhYGP + I C  

INIWAY( I G  ,NREG) I LOCWTS + 14*MGI'REG + (NREG-l )*?WYGP + IG 
- 

Fh'Lfl (NREG) BC(1); I = LGCFIJL + NREG 

I SI FL@ ( NREG) I = L d C F h Z  + >fXREG + NREG 

Cx"Zd( Ir , .NREG) I L d C F W L  4 ?*YARHG + (SREG-l)*&?fTG + I C  

! ! 
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Table 4.9 (Cont'd.) 
- 

Pfnemon i c  
V a r i a b l e  Location of Array i n  B l a n k  C o m m o n  

N a m e  (BC(1) or NC(1)) 

N S C T ( I G , N R E G )  NC(1); I = LgCNSC + (NREG-l)*NMTG + I G  

U S C T  ( I G ,  NREG) B C (  I )  ; I = LgCNSC + NNTG*MXREG + (NREG-1) * W T G  + I C  

NALB ( I G  , NREG) N C ( 1 ) ;  I = L0CXSC + 2*hWTG*H..REG + (KREG-l )*hWTC + IG 
WALB ('IG ,NREG) BC(1); 1 = LflCNSC i- 3*h?iTG*>LUEG + (h'REG-l)*h?lTG + IG 

NFIZ NC(1); I L0CNSC + 4*h?lTG*?C(REG + (NREG-l)*h?lTC I G  

WIZ BC(1); I = L0CNSC + 5*N?lTG*XYREG + ( N R E G - I ) * W T G  + IO 

NGAM 

WGAX 

NC(1); I = LQCKSC + 6*iWTG*?LYREG + ( N R E C - l ) * h ? f T G  + I G  

BC(1); I = L0CNSC + 7*"?ITC*?:SREG + ( X R E G - l ) * l Y T G  + I C  

NSCA( IPED) NC(1); I = LflCKSC + I?ED + 8*h?lTG*:*LYREG 

or  I = L g C F S N  - MI.DTA + l!iED 

FISi!(IG,I?IEU) BC(1); I = LBCF-SS + (I!lED-l)*h?!TG i ; 

FSE( I G ,  I.?lED) 

GNCN ( I C ,  I % D )  

I = L f l C F S S  + X:TG*XZDL.'i + (IXED-l)*!;?ITG + IC. 

I = L d C F S ' I  + L~. \MTG*?IEDlA + (T?IED-l)*S?!TG + I C  



--_ 
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Table 4.10.  Layout of Par t i c l e  Bank i n  Blank Common 

Location Variable Comments 

"(8 = NSIGL IC On IBM-360 thio  is  a 2-byte word 
stored i n  l a s t  half  of word. 

U 

"6 + 14 

V 

W 

X 

Y common, see Table 

2 

Variables are :from X1'TRBN 

def in i t ions  

WATE 

AGE 

BLZNT 

O n  IB?!-360 these are ?-byte w r d s  
stored as  one 4-byte word 

N A ? E  

NANEX 

On IRM-360 these are ?-byte words 
stored a s  one 4-bpie word 

h?ED 

NREG 

Repeat  for Particle 2 

= NFTSBN if NFISTP 0 
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4.4.2. Main Program 

The main program pe r fo rms  t h e  f o l l o w i n g  f u n c t i o n s :  

1. S e t s  t h e  roaximum a l lowed  s i z e  o f  b l a n k  comon  ( a l l  o t h e r  

r o u t i n e s  u s i n g  b l a n k  common use a dummy dimension of 1); 

2. Ensures  t h a t  c e r t a i n  l a b e l l e d  commons are loaded  i n  a spzc i f i ec l  

o r d e r  (which must a g r e e  w i t h  t h e  o r d e r  o f  t h e s e  commons i n  t h e  

d i a g n o s t i c  r o u t i n e s  u s i n g  t h e  L0C function! ;* 
Loads t h e  junk  word i n t o  b l ank  c o m n  on a l l  machines and i n t o  

a l l  l a b e l l e d  c o m o n s  p r e s e n t  i n  t h i s  r o u t i n e  on t h e  IBX-360. 

The junk word is (4848$84816) on t h e  IRX-360, (474;4i4743478) 

on t h e  UNIVAC, and 30007777770000000000B on rhe  CDC-6600; 

3. 

4. S e t s  t h e  two v a r i a b l e s  used f o r  input: and o u t p u t  l o g i c a l  units; 

and 

5. Calls F!@RSE for t h e  a c t u a l  a d . n i n i s t r a t i o n  of t h e  j o b .  (The 

s i z e  of b l ank  common i s  t r a n s f e r r e d  110 ?lQ)RSE as an argument.) 

S u b r o u t i n e s  c a l l e d :  PlgRSE 

Func t ions  r e q u i r e d :  ',8C ( l i b r a r y  f u n c t i o n  a t  Oak Ridge N a t i o n a l  

Labora to ry  - o u t p u t  is  tlie a b s o l u t e  a d d r e s s  ( i n  

8-bit b y t e s )  of t h e  c e l l  given as t h e  arguner . t ) .  

A t  most i n s t a l l a t i o n s  o t h e r  than OmL, u s e r  must 

s e t  NLFT t o  the dimension i n  b i a a k  c o m m  and n o t  

u se  LQC. 

V a r i z b l e s  r e q u i r e d :  JUhJ 

V a r i a b l e s  changed: IT$I:T ( I O  i n  most o t h e r  r o u t i n e s ) .  

ITIN (I1 i n  most o t h e r  r o u t i n e s ) .  
Commons r e q u i r e d :  Blank, APgLLb, F I S B N K ,  NUTRQN, LQCSIG,  WWS,  X&fENT, 

QAL, RESULT, GE@lC, NgRMAL, FPET, USEB. D:J?EN. 

H e l p f u l  H i n t s :  

1. Note t h a t  i f  a new cross s e c t i o n ,  geometry, or a n a l y s i s  package 

i s  used,  t h e  l a b e l l e d  commons h e r e  may h a w  t o  b e  modif ied corres- 

pondingly.  

*This does n o t  apply t o  non IBM-360 v e r s i o n s . .  
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t p a t t e r n  t h a t  comes c l o s e  t to  b e i n g  

o u t p u t  i d e n t i c a l l y  as e i t h e r  a f i x e d  or f l o a t i n g  number. I t  

is a l s o  recognized by s u b r o u t i n e  HELPER t h a t  t h e  c e l l  h a s  n o t  

been used by t h e  code. 

The L0C f u n c t i o n  r e t u r n s  an a b s o l u t e  a d d r e s s  of a v a r i a b l e  i n  

b y t e s ,  r e q u i r i n g  divisLon by 4 to o b t a i n  t h e  number of 4-byte 

(32 b i t )  words.+ 

To change t h e  s i z e  of  b l ank  comorl o n l y  t h e  s t a t emen t  d e f i n i n g  

t h e  commor. needs t o  be changed a t  UXNL s i n c e  the  L0C f u n c t i m  

is  used t o  o b t a i n  t h i s  v a l u e  t o  be t r a n s f e r r e d  to  FIQRSE; hovever,  

NLFT m u s t  a l s o  b e  changed a t  most o t h e r  i n s t a l l a t i o n s .  

It is recommended t h a t  t h i s  r o u t i n e  always be compi led  and t h a t  

i t  be t h e  f i r s t  r o u t i n e  c o a p i l e d .  T n i s  i n s u r e s  t h a t  i t  i s  loaded 

f i r s t  and t h a t  t he  cornons it s p e c i f i e s  are loaded f i r s t .  

The program s i z e ,  i n  b y t e s ,  is u s u a l l y  O I L  the order  of  155,000 + 
I* (b lank  common s i z e  i n  words) .  Note: this does n o t  i nc lude  

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

- 
+See S e c t i o n  4 . 9  f o r  a d e s c r i p t i o n  of a l l  l i b r a r y  r o u t i n e s  used i n  

MQRSE. 
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h.4.3. Subrou t ines  

S u b r o u t i n e  b1Q)RSE (NLFT; 

MRSE is t h e  e x e c u t i v e  r o u t i n e  for t h e  walk p r o c e s s  and c o n t r o l s  

t h e  s u c c e s s i o n  of e v e n t s  which comprise t h e  Monte C a r l o  p rccess .  The 

problem is assumed t o  c o n s i s t  of NQUIT runs ,  e a c h  c o n s i s t i n g  of NITS 
b a t c h e s ,  and s t a r t i n g  o u t  w i t h  NSTRT p a r t i c l e s  in each batch.  Thus t h e  

f u n c t i o n s  o f  MC?RSE are l o g i c a l l y  broken down i n t o  n e s t e d  loops  w i t h  t h e  

i n n e r  loop c o n s i s t i n g  of t h e  e x e c u t i o n  of thcn walk p r o c e s s  f o r  each par-  

t i c l e .  The n e x t  l oop  i s  f o r  each b a t c h  of p a r t i c l e s  and t h e  o u t e r  loop 

i s  f o r  each run. S e v e r a l  p r o b l e m  may b e  run  i n  s u c c e s s i o n  by s t a c k i n k  

i n p u t  d a t a .  

There is no s i g n i f i c a n t  p a r t  of t h e  walk p r o c e s s  performed i n  M@XSE 

excep t  f o r  t h e  t e rmina t ion  of h i s t o r i e s .  lht: bookkeeping of  be fo re -  

c o l l i s i o n  pa rame te r s ,  t h e  d e t e r m i n a t i o n  of hi s t o r y  t e r m i n a t i o n s ,  and 

t h e  o r d e r i n g  of t he  s u b r o u t i n e  ca l l a  are t h e  b a s i c  f m c t i o n s .  The 

o p t i o n  of t e r m i n a t i n g  a problem by ar. execit : ton t L m e  l i m i t  is p rov ided ;  

t h i s  w t i o n  : i y  on ly  be  executed ac  t h e  end of n ba tch  and t h e  n o m a 1  

terminat  i on  of a problem eiccurs i n  t h a t  a l l  end-of-run p r o c e s s e s  a r e  

completed . 
C a l l e d  from: M a i r i  program. 

Subrou t ines  c a l l e d :  INPUT, Ti>ER, BANKR(-l) , .3LWR(-2), S O U R ,  @UTPT(l), 

GETNT, TESTW, NXTCQL, B,rh?;R(lO)f'. ALBDG, B M R ( 6 ) ,  

GTMED, FPRQB, GPROB, C#LISN, BcWXR(5). BAh'KR(g)+, 

BAWR(-3), @UTPT(2), BAh'K(-4), C)UT?T(3), ICLQCK,  

RNDQUT 
Coamns r e q u i r e d :  Blank, AF'(bLL0, NUTRaN,  FISBNK. 

V a r i a b l e s  r e q u i r e d :  NLFT, NKILL, NSPLT, NGPQTPI, 

XGPQTG, NITS, NQUIT,  NSTRT, 

NFISI?, ITSTR, !iMEM, MAXTIM, TCUT 

from common AF'BLLQ 

(see page 4.4-4) 

NhLB - i c d e x  i n d i c a t i n g  :hat a n  a lbedo  c o l l i s i o n  

h a s  c,cciix r e d .  

MFISTP - i n d e x  i n d i c a t i n g  c h a t  f i s s i o n s  are al lowed 

i f  > 0. 

--- 
tIf u s e r  wishes to implement t h e s e  ca l l s ,  he must i n s e r t  them. 

. .  

I .  
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Variables changed : 

NDEAD( I), DEADWT( I)  - counters 

I = 1 - Russian r o u l e t t e  k i l l  

= 2 - p a r t i c l e  escaped the system 
= 3 - p a r t i c l e  reached energy cuto f f  

3- 4 - p a r t i c l e  reached age l i m i t  - i t  was r e t i r e d .  

NPSCL(1) - counters 

I = 5 - number of r e a l  collisions 

= 6 - number of albedo c o l l i s i o n s  

= 9 - number o f  energy deaths 

= 10 - number of age terminations.  
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Subrou t ine  DATE (A,NW) XBM-260 Version? 

Given a n  a r r a y  A, DATE i n s e r t s  a h o l l e r i t h  s t r i n g  K i t h  t h e  day of 

t h e  week, t h e  month, t h e  day of t h e  month, and t h e  year. I t  w i l l  use  as 

many a s  32 b y t e s ,  so A must be dimensioned a t  8 f o r  s i n g l e  p r e c i s i o n .  

NW, on r e t u r n ,  is t h e  nurnber of 4-byte words which must be ou tpu t .  

Typ ica l  c a l l i n g  sequence f o r  1B.X-360 version: 

DL?ENSI$N ARRAY (8) 

CALL DATE ( ARRAY, NU?!) 

PRIhT 1, (ARRAY(1) ,I=l,NLJ'!.I) 

1 FORMAT ('TODAY IS ' ,6A4) 

producing,  i f  c a l l e d  on Map 30, 1970: 

'TQDAY TS SATURDAY, FLAY 30, 1970'. 

Ca l l ed  from: INPUT1 

Kou t i n e s  c a l l e d  : 

IhTEK 

IXTQBC ( l i b r a r y  f u n c t i o n  a t  Oak Ridge Na t iona l  Labora to ry ,  con ' i e r t s  

a 4-byte i n t e g e r  t o  an EECDTC st  -ing), 

INTBCD - same as INT(3EC excep t  also retulrns tlic i,iinber of b l t e s  i n  

t h e  EBCDIC s t r i n g .  

Commons: DATDAT which c o n t a i c s  arrays of EECDIC c h a r a c t e r s  f o r  m n t h s  and 

weekdays, a r r a y s  of numbers of ESC3IC c h a r a c t c r s  and stht  t i n t .  

p o i n t s .  

va lues :  

I t  i s  loaded i n  a Block Data r o u t i n e  wi th  Chr f o l 1 f i i ; ~ n g  

tThe CDC-6600 v e r s i o n  i s  a dummy. The W X V A C - 1 1 0 8  v e r s i o n  is d e s c r i b e d  
on page 4.4-24 of this s e c t i o n .  
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XM0NTH WEKE DAY 
Index (REAL*8) (REAL*S) (REAL*8) IM0N'M SM0NTH IWEKE IhTEK 

1 

2 

3 

4 
5 

6 

7 
0 

9 
?O 
11 

JANJARY @ * 
FEBRUARY 

MARCH (3 
APRIL (3 
MAY @ JUNE 

JLJYAUCU 

ST %, SSPT 
EMBER @ 
QCTgBER 0 
N0VFJlBE R 

DECEMBER 

HL'H?SLTNO DAY, 0 1 ' 3 0  0 

NN 6 TLTS 8 

WDNES @ 16 
THURS a 24 

FRI 0 32 

S.iTUR c.$ 36 

40 

44 

52 

64 

72  

7 0 
8 4 
5 8 

5 12  

3 16 

4 24 
4 32 

6 40 

9 

7 
8 

l.? 80 8 

-- 
* @  c e n o t e s  14 blank:;. 

Subrou t ine  DATE ( I O )  - WIVAC-1108 Version 

T h i s  r o u t i n e  g f n e r a t e s  a l i n e  o f  p r i n t  c o n t a i n i n g  t h e  month, day, 

yea r  and t i m e  t h a t  t h e  case beg ins .  

Ca l l ed  from: 1E;PUTl I 

Routines c a l l e d :  

E R T M  - l i b r a r y  r o u t i n e  t h a t  de t e rmines  t h e  d a t e  and t i m e .  

Va r i ab le s  r equ i r ed :  

IO - l o g i c a l  u n i t  ramber of st Qdard o u t p u t  t n p e .  
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Function DIRFX (Dummy) 

This func t ion  must b e  provided by t he  use r  whenever the path-length 

s t r e t c h i n g  opt ion  is exercised.  

t h e  angle  between the  f l i g h t  d i r e c t i o n  and t he  m 3 s t  important d i r ec t ion .  

It is  used t o  vary the  amount of path-length b i a s i n g  depe?ding on 

whether t he  p a r t i c l e  is t r a v e l i n g  i n  an important d i r e c t i o n  o r  no t .  

vers ion  t h a t  is d i s t r i b u t e d  with the  M0RSE code merely sets D I R E C a l , .  

which produces maximm path-length s t r e t c h l n g  when used i n  t h e  c a l l i n g  

rou t ine  GEWTA. 
Called from: GETETA 
VariabLjrs changed: 

DIREC usual ly  provides the  cos ine  of 

The 

DIREC - the  func t ion  value. 

. r  

f 
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S u b r o u t i n e  EUCLID (MRK, X I ,  Y 1 ,  Z1, XZ, Y2, 22, PlP2, IC, ARC, NTC, 
MEDIUM, IBLZ, NREGN) 

This r o u t i n e  is prov ided  for t h e  user t o  d e t e r m i n e  t h e  number of  

mean f r e e  p a t h s  between two p o i n t s  I n  t h e  sys tem.  

t h e  t o t a l  number o f  mean f r e e  p a t h s  or  w i l l  r e t u r n  t h e  f i r s t  boundary  

i n t e r sec t ion  p o i n t  and t h e  number of mean f r e e  p a t h s  to t h a t  p o i n t .  

T o t a l  cross s e c t i o n s  are de te rmined  by c a l l i n g  KSICTA and d i s t a n c e s  to 

n e x t  i n t e r f a c e s  are c a l c u l a t e d  by c a l l i n g  C1. 

C a l l e d  from: CETETA and u s e r  r o u t i n e s  l i k e  RELCBL and SDATA. 

S u b r o u t i n e s  c a l l e d :  G 1 ,  NSiGTA. 

It w i l l  e i t h e r  r e t u r n  

F u n c t i o n s  used:  DSQRT or  SQRT depending  on  p r e c i s i o n  o f  geometry 

( l ibrary) .  

C o m n s  r e q u i r e d :  

V a r i a b l e s  r e q u i r e d :  

GeXLGC, PARE?!. dRGT. I\p@LL@. 

*%K - S e t  tc 1 upon c s l l i n g .  I f  STD is non-zero ,  XRK s h o u l d  

be  0 on s i i c c e s s i v e  c a l l s  f o r  rhc same t r a j e c t o r y ,  so 

t h a t  new t r a j e c t o r y  p a r a m e t e r s  are  n o t  i n i t i a l i z e d .  

This w i l l  b e  hand le3  a u t ~ n ~ i t i c a l l y  i f  t h e  C a l l i n g  

r o u t i n e  does  n o t  change >IRK. 

x’1, Y 1 ,  Z 1  - C o o r d i n a t e s  .if starting p o i n t .  

X 2 ,  Y2, 22 - Coord ina te s  of  end p o i n t .  

P1P2 - D i s t a n c e  between s t a r t i n g  rind e n d  p c . i r ~ t s .  

IG - Energy grol;p index .  

!;TD = 0 t o r  t o t a i  r e a n  fre;. p a t h s ,  

# 0 for i n t e r s e c t i o n  p o i n t s  and mean Free paths between.  

XEDIUM - Media in which S1, Y1, 21 is locateii. 

ZBLZ - Zone ( I R )  i n  which X 1 ,  Y 1 ,  Z l  is l o c a t e d .  

N I S C N  - Region i n  which X1, P1, Z1 is  l o c a t e d .  

Variables changed: 

>lRK = 1 f o r  a f l i g h t  r e a c h i n g  the e r d  p o i n t ,  

= 0 f o r  a f l i g h t  c r o s s i n g  a medium boundary  (MID f 0 o n l y ) ,  

= -1 f o r  a f l i g h t  e s c a p i n g  t h e  s y s t e m ,  

= -2 f o r  3 f l i g h t  e n c o u n t e r i n g  a n  i n t e r n a l  void {NTD # 0 
c n l y )  . 

X 1 ,  Y1, Z 1  = R e t u r n s  boundary i n t e r s e c t i o n  p o i n t  i f  XTD # 0. 

\ 
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ARC - Negative of number of mean f ree  paths. 
u i 
E (. _-. .I) 

MEDIUM - Medium nwnber of end point .  
9 Signi f icant  internal  variables:  

HARK 
ETA 

ETAUSD 

- Flag set (returned as M W  - defined above). - Distance remaining to end point i n  em. 
- Distance traveled on last cal!l to G 1 .  

E 
d 

1 



SubrouLine FBANK 

F i s s i o n  n e u t r o n s  are banked Jn two d i f f e r e n t  ways depending on t h e  

value of  NSgUR. I f  NS0UR = 1, FBkW banks f i s s i o n  n e u t r o n s  i n  t h e  f i s s i o n  

bank f o r  the next batch.  I f  NS@UR = 0 ,  however, f i s s i o n  n e u t r o n s  are 
banked i n  t h e  source bank i n  a manner similar to  secondary gamma-ray 

product ion.  No neut rons  are placed i n  t h e  f i s s i o n  bank. NPSCL(4) is 

incremented w i t h  each f i s s i o n  and BANliR(4)  is c a l l e d  f o r  a n a l y s i s  of t h e  

n e u t r o n s  produced by f i s s i o n .  

i t  may not  have t h e  a p p r o p r i a t e  in format ion  in NUTRdN cornion. 

parameters  can b e  s t o r e d  f o r  NM@ST neut rons  (see Table 4. j . l ) .  

bank is f u l l ,  no p a r t i c l e  is genera ted ;  and NPSCL(13) i s  incremented. 

An error message "Warning - no room i n  bank for secondaries"  is p r i n t e d  

t h e  f i r s t  10 times i t  happens. 

Cal led  from: kYK0B. 

Sub1 o u t i n e s  ca l l ed :  GTMED, GTTS0. ST@K?JT, B . G K R ( 4 ) ,  1T.TRHF 

Co;nnn~s requi red :  Blank, NUTKdN, APGLLd, FISBNR 
Variab les  requi red :  

In e i t h e r  case, beware i f  you use BkVKR(3)  - 
Seven 

I f  t h e  

XSfiUR - see d i s c u s s i o n  above. 

hFISBN - l o c a t i o n  of c e l l  zero of t h e  f i s s i o n  bank i n  b lank  common. 

NFISH - number of neut rons  i n  fissjm bank. 
NU0ST - maximum number of p a r t i c l e s  allowed i n  bank. 

WATEF 
FWATE - t o t a l  w e i g h t  of banked fission neaitrons. 

ACE, IC, NANEX, X, Y, Z (irom !?UTR$H commnn, s e e  page 4.4-10). 

- weight of fission i leutron t o  be b a n k d .  

Var iab les  changed : 

N FT SH - i n c r e m n t e d  a f t e r  banking. 

€WA':'E - incrcmcnted by WXTEF a f t e r  b a n k h g .  

NPSCL(4) - i n c r e w n t e d  i f  f i s s i o n  p a r t i c l e  is b m k e d .  

NPSCL(l3) - incremented upon each c a l l  when bhnk is f u l l .  



Table  4.11. Layout of Fission Bank in Blank Camon 

_II- 

Location Variable 

NFISBN 

I_ 

X 

Y 

2 

WATEP 

ACE 

IC 

- .  

NAMEX 

MFZSRN + 7 

Repeat for particle 2 
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c3 

\ 
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Table 4 - 1 2 .  h f i n i t i o n s  of Var iab les  i n  Common FISELX 

--- 
Variable  D e f i n i t i o n  

FWISTP Index to  i n d i c a t e  t h a t  f i s s i o n s  arc to b e  t r e a t e d  

- - 

if > C. 

NF I S BM Locat ion in hlarik commcm .>f cell zcrq of the f i s s i o n  

bank. 

NFISH Number of f i s s i o n s  produced i n  t h e  previous batch 

(generation).  

FTgTL Tot r.1 f i s s i o n  weight f rum a l l  c o l l i s i o n s  i n  t h i s  batch 

(generat ion) .  

FWA?'E T c t a l  weight  of f i s 5 i o n  w~utror!s s tored  i n  bank in 

t h i s  baccti (generation) .  

WATEF Weight of f'ssion neutron stored i n  bank. 
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Random Nmiber Package 
6 The random number package is  e s s e n t i a l l y  t h e  05R package as  modi- 

f i e d  for t h e  IBM-360 computers. Six-byte (48  b i t )  a r i t h m e t i c  is used 

w i t h  a g e n e r a t o r  ( c o n s t a n t  m u l t i p l i e r )  equa l  t o  1Akn498D16 (= 327724461S8). 

I f  no s t a r t i n g  number is given (a v a l u e  of z e r o  i n p u t )  t h e  r o u t i n e  uses  

35FA931A16 which is  twice t h e  gene ra to r .  

t h e  s i g n i f i c a n c e  of  t h e  a r i t h m e t i c  to 47 b i t s  so t h a t  t he  pseudo-r2ndos 

sequence gene ra t ed  by t h e  CDC-1604 package may b e  d u p l i c a t e d .  

1604 package must use 3177244€115~ as  t h e  g e n e r a t o r  and s t a r t i n g  numbcr t o  

g i v e  t h e  same sequence.)  The CDC-6600 v e r s i o n  s t a r t s  w i t h  a b u i l t - i n  

g e n e r a t o r  of 000064722612ti?317161B. 

The t r , a i l i n g  z e r o  b i t  r e s t r i c t s  

(The CDC- 

The fo l lowing  subprograms are a v a i l a b l e  i n  t h z  package: 

-- ------ 
FORTRAN C a l l i n g  Statement 

R = FT,TKW (0) Uniformly d i s t r i b u t c d  on t h e  i n t e r v a l  (0,L). 

I; = SFLJUiF (0) Uniformly d i s t r i b u t e d  on the i n - e i v a l  (-1,l). 

R = E D W F  (U) Exponen t i a l ly  d i s t r i b u t e d :  P (R)  dR = c,-RdR 

ilnndom Number Cunerated ---- -_1-1 

O ( R < - .  

The s i n e  and c o s i n e  O F  Q where $ is uniformly 

d i s t r i b u t e d  0'1 t he  i n t e r v a l  ( 0 , 2 r ) .  A random 

az€muthal  a n g l e .  

The s i n e  and cosine oE 0 where cos6 i s  u n i i o n  l y  

d i s t r i b u t e d  on t he  i n t e r v a l  ( -1 , l ) .  A random 

p o l a r  ang le .  

CALL P Z I R N  (SIN,COS) 

CALL PQLRN (SIN,CdS 

CALL (:TIS0 (X,Y,Z)  

R -- RNMAXF(T) 

An i s o t r o p i c  uni t  v e c t o r .  X = cos9,  Y = cos+ 

s i n e ,  z = s i n $  s i n e  where G is a random p o l a r  

angle and 3 is  a random azimuthal  a n g l e .  

Maxwellian euergy:  
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- -- - -- 
FdRTRAN Cal l ing  Statenent  Random Nmber Generated 

R = FISRNF (0) A neutron speed squared from the  Watt fission 

spectrum P(R) dR = e 

where T = 0.965 x 1.913220092 x loL8 and 

Ef = 0.533 x 1.913220092 x lola .*  

I = 2 ,  4 if R # 0. R is  rep2 w i t h  a 212 for-  

mat and m u s t  be  d m b l e  p rec i s ion  (8 b y t e s ) .  

I’he USIVAC-1108 a.id CDC-6600 vers ions  read 

with d formats an3 load I i n t o  X’aAhDu?. 

-R/T sin’h ( 2 w / T ) ,  

CALI, RNDIN(K) or (I)  The IBX-360 vers ion  loads  R into R.VW@!(I), 

CALL RKI?6UT(R) or (I) Loads & i D & l ( J ) ,  I = 2 ,  4 i n t o  R on IBM-360 

or  loads NRAIiDY i n to  I on t h e  o ther  two systems. - ---- ---- 
NOTE: The arguments cf FLTRNF, SR.RAF, E S N F ,  FISPXF a r e  co t  used by 

the rout ines .  

-fL. Cranberg, e t  a l . ,  Phys .  Rev. 103, 662 (1956). 
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i S u b r o u t i n e  FPR0B 

FPRdB c a l c u l a t e s  t h e  expec ted  weight of f . l s s ion  n e u t r o n s  a t  a c o l l i -  

s i o n  p o i n t  and then  s p l i t s  or  p l a y s  Rrcssian r c i u l e t t e  so as  to produce t h e  

correct ave rage  number o f  fissims, a l l  of u e i g k t  FWLd ( s p e c i f i e d  i n  

problem i n p u t  f o r  each region'. . 
to be s t o r e d  for  p r o c e s s i n g  i n  t h e  n e x t  g e n e r a t i o n .  

f o r  €orward f i s s i o n  problems. 

from t h e  FISH a r r a y  i n  b l a n k  common. 

C a l l e d  from: MgRSE. 

Subrou t ines  c a l l e d :  

FRANK is cal1t.d f o r  e a c h  n e u t r o n  produced, 

FPR0B c a l l s  FFISGZN 

For a d j o i n t  p r o b l e n a ,  ' J C ~ / C ~  3.s s e l e c t e d  
- 

FISGEN, G W D ,  BA?rXRi3), FBA", FLTRNF, RELP, EP@R, 

SIGN ( I  i b r e r y )  . 
Commons r equ i r ed :  

V a r i a b l e s  r e q u i r e d  : 

Blank, NUTRQN, MaLL0, FISBNK. 

N a D ,  WATE, K E G ,  I G  (from h'UTR@N common, see page 4.4-10) 

1ADJf.I - -1 i f  ad jo in :  problem; 

10 i f  fc,rwnrd problem. 

LOCFSN - l o c a t i o n  i n  b l ank  c o m n  of c e l l  z e r o  of a r r a y  of 

: f i s s i o n  c r o s s  s e c t i o n s .  

LflCNSC - l o c a t i o n  i n  b l a n k  common of  ce l l  z e r o  of s c a t t e r i n g  

c o u n t e r  a r r a y s .  

IMED - c r o s s - s e c t i o n  medium of c o l l i s i o n  p o i n t .  

MXREG - maximum r e g i c n  number. 

NMTG - t o t a l  number of energy groups.  

FTQTL - t o t a l  of f i s s i o n  we igh t s  from a l l  c o l l i s i o n s .  

L0ClWL - l o c a t i o n  i n  b l ank  c o m n  of c e l l  z e r o  of a r r a y  FWLP.4. 

NPSCL(3) - f i s s i o n  c o u n t e r .  

V a r i a b l e s  changed: 

WATEF - f i s s i o n  weight  t r a n s f e r r e d  t o  FBiWK. 

NFIZ - a c t u a l  numbcr of f i s s i o n s  p e r  group and r eg ion .  

WFIZ - weight  e q u i v a l e n t  t o  N F I Z .  

FT0TL 
NPSCL( 3) 

S i g n i f i c a n t  i n t e r n a l  v a r i a b l e s :  

RJL 

ISCT - l o c a t i o n  i n  b l a n k  c o m n  o f  (IG,!IREG) c e l l  of s c a t t e r i n g  

- cu r ren t  v a l u e  from a r r a y  RJL0. _ .  
. .  

c o u n t e r  a r r a y  NFIZ (and l a t e r  WFLZ). 
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Subrou t ine  FSUUR 

T h i s  r o u t i n e  is c a l l e d  by t h e  s o u r c e  e x e c u t i v e  r o u t i n e ,  MSQUR, when 

t h e  s o u r c e  f o r  t h e  p r e s e n t  b a t c h  is  t o  be  taken from t h e  p r e v i m s  b a t c h  

f i s s i o n s .  Its f u n c t i o n  is t o  t r a n s f e r  t h e  neu t ron  pa rame te r s  from t h e  

f i s s i o n  bank t o  t h e  neu t ron  bank. I f  t h e r e  were no f i s s i o n s  i n  t h e  

p rev ious  b a t c h ,  i t  sets a f l a g ,  p r i n t s  a message, and r e t u r n s .  

C a l l e d  from: MSDUR 

Subrou t ines  c a l l e d :  

ST@RNT(N) - loads parameters i n  comon  NUTRdN i n t o  t h e  Nth l o c a t i o n  

i n  t h e  neu t ron  bank. 

Comnons requized:  

Var i ab le s  r e q u i r e d :  

Black, NUTRgN, FISBNK, AP@LL0. 

NFI SH - number of f i s s i o n s  produced i n  the prev ious  b a t c h .  

NPEM - s e t  e q u a l  to NFISH. 

NITS - nunher  of b a t c h e s  r eques t ed  for t h e  run. 

I X R S  - baLch c o u n t e r .  

NFISBN - l o c a t i o n  i n  blank commc~ of  c e l l  z e r o  of t h e  f i s s i o n  bank. 

Var i ab le s  c h a n g e d :  

NITS - set  t o  cusbe r  of b a t c h e s  completed i €  KFISB = 0. 

I TE RS - set t o  zero i f  NFISH = 0. 

NA?lE 
It.% D 
NREC S e t  t o  zerc! ( i n  NU'I'RflN comon ,  see page 4.4-lo).  
u, v, w 
BLZNT 

x ,  P, z 
!!XTE I S e t  t o  v a l u e s  found i n  f i s s i o n  bank ( i n  NLTRQN common, 

see page 4.5-10) . 
AGE I T  1 
NAZIEX 1 NOTE: I G  i s  group index  of  neu t ron  c a u s i n g  f i s s i o n .  
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Subrou t ine  CETETA 

The s u b r o u t i n e  GETETA selects ETA, t h e  number of  mean-free-paths 

f o r  t h e  n e x t  f l i g h t ,  from an a p p r o p r i a t e  e x p o n e n t i a l  d i s t r i b u t i o n .  

Pa th-leng t h  s t r e t c h i n g  based on t h e  e x p o n e n t i a l  t r a n s  f o m  

as w e l l  as an o p t i o n  t o  select from a modif ied d i s t r L b u t i o n  which does n o t  

pe rmi t  a p a r t i c l e  t o  escape from t h e  system. 

is inc luded ,  

I f  

The unbiased f lLgh t  p a t h  d i s t r i b u t i o n  f u n c t i o n  is g iven  by 

-ll P o ( ~ )  = e 

where rl is t h e  d i s t a n c e  t r a v e l e d  i n  mean-free pa ths .  S e l e c t i o n  of  a 

p a r t i c u l a r  f l i g h t  p4i th  ETA from PO(r1) is dcne b:y t h e  f u n c t i c a  E X P R "  

( i n  random number package, see page 4.4-31). 

I f  an e x t e r n a l  boundary o c c u r s  at some d i s t a n c e .  ARG mean-free p a t h s  

from t h e  s t a r t i n g  p o i n t  a long  t h e  f l i g h t  d i r e c t i o n ,  then t h e  p r o b a b i l i t y  

o f  e scape  is  e . I f  i t  is r e q u i r e d  t h a t  no par t ic le  escape, then t i e  

d i s t r i b u t i o n  f u n c t i o n  e-n is normalized o v e t  t h e  i n t e r v a l  (0,ARG). and 

t h e  f l i g h t  pa th  i s  s e l e c t e d  from the  m d i f i e d  d i s t r i b u t i o n  

-AKG 

-n 
e '  

P1(ll) = -ARG) (1 - e 

and t h e  p z r t i c l e ' s  weight  is a d j u s t e d  by t h e  f a c t o r  

Path- length s t r e t c h i n g ,  which is  a form o f  b i a s i n g  ( o r  importance 

sampl ing ) ,  can b e  accomplished by s e l e c t i n g  from t h e  modif ied d i s t r i b u t i o n  

which produces v a l u e s  of  ETA a f a c t o r  of  BIAS t imes those  produced by t h e  

unbiased d i s t r i b u t i o n  Po(')). 

w i l l  s t r e t c h  t h e  p a t h  l e n g t h  and v a l u e s  less t h a n u n i t y  w i l l  s h r i n k  t h e  

p a t h  l eng th .  The a c t u a l  s e l e c t i o n  is  accomplished i n  terms 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  0' = t$BIXS, 

T h e r e f c r e ,  v a l u e s  o f  BIAS g r e a t e r  than un'ty 

A s e l e c t i o n  i s  made from P2(n ' )  which y i e l d s  v a l u e s  o f  ETA' and then 

ETA = BIAS*ETA'.  
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I f  p a t h - l e n g t h  b i a s i n g  i s  u s e d ,  t h e n  t!ie p a r t i c l e ' s  weight: must b e  ad- 

j u s t e d  by t h e  f a c t o r  

For the combina t ion  of pa th - l eng th  s t r e t c h i n g  and n o  e s c a p e ,  t h e  

mod i f i ed  d i s t r i b u t i o n  is g i v e n  by 

-Q/BIAS 

w i t h  t h e  a c t u a l  s e l e c t i o n  o f  ETA' b e i n g  made from t h e  mod i f i ed  d i s t r i b u t i o n  

where I: = BIAS*r,'. The p a t h - l e n g t h  ETA is t h e n  g iven  by 

ETA = BTAS*ETA', 

and the  p a r t i c l e ' s  w e i g h t  n u l t i p l i e d  tv t h e  f a c t o r  

The form for  t h e  f a c t o r  BIAS used  i n  t h i s  v e r s i o n  of GETETA is b a s e d  

on t h e  c;x[.'nential t r a n s f o r m  and  can  b e  e x p r e s s e d  as 

1 B I A S  = (1 - PAlli*DIPaCj 

where 

D'IREC i s  t h e  c o s i n e  of t h e  angle between the f l i g h t  1Lrection and 

t h e  most impor t an t  d i r e c t i o n  ( c a l c u l a z e d  by t h e  u s e r  f u n c t i o n  

DIREC) , 
PATH is A measure  o f  t h e  raximum amount of path-Length s t r e t c h i n g  

t o  be a p p l i e d .  A v a l u e  of zero c o r r e s p o n d s  t o  BIAS = 1.0, and  

no b i a s i n g  is ;;ccomplished. 

t h a n  u n i t y )  y i e i d  v a l v e s  of BIAS > 1.0 when DIWC > 0,  and t h e  

p a r t i c l e ' s  p a t h  l e n g t h  is s t r e t c h e d  a c c o r d i n g l y .  

when DIREC < 0 ( t h e  p a r t i c l e  is t r a v e l i n g  a w a y  from t h e  impor- 

t a n t  d i r e c t i c n )  B I A S  < 1.0 and Lhe track i s  s h o r t e n e d .  

L a r g e r  J a l u e s  o f  PATH ( b u t  less 

C o n v r r s e l y ,  

Calicd from: NXTCQL. 

S u b r o u t i n e s  c a l l e d :  EUCLII). 
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Funct ion used: DIREC. EXPRNF, AM@D(library), EXP(library) 

C o m n s  r e q u i r e d :  B l m k ,  N U T R g N ,  AP@:L.@. 
V a r i a b l e s  r e q u i r e d :  

IG, X, Y, 2, U, V, W, WATE, NREG (from N U T R g N  common, see page 4.4-10). 

FW(m - nurrbcr of ene rgy  g r o u p  f o r  we igh t  s t a n d a r d s  a n d l o r  

pa th - l eng th  s t r e t c h i n g  pa rame te r s  PATH. 

NgLEAK 

RAD - t h e  l a r g e s t  o v e r a l i  dimension i n  t h e  system. 

PATH - path- length s t r c t c h i r r g  pa rame te r s  ( i n  b l a n k  common). 

- an  index  f o r  nonleakage b i a s i n g .  

V a r i a b l e s  changed: 

ETA - t h e  number of mean-free p a t h s  to t h e  n e x t  c o l l i s i o n .  

GATE - t h e  p a r t i c l e ' s  weight  c o r r e c t e d  f o r  t h e  b i a s i n g  

employed d u r i n g  t h e  p r e s e n t  f l i g h t  s e l e c t i o n .  

S i  pi f l can t i n  t e  mal v a r i a b  1 !:s : 

ARC - t h e  d i s t a n c e  i n  inem-free p a t h s  from t h e  l a s t  col!.ision 

s i t e  t o  an external  boundary alang t h e  p r e s e n t  f l i g h t  

d i r e c t i o n .  
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S u b r o u t i n e  GElNT(N) 

Three e n t r y  p o i n t s  are used  i n  t h i s  r o u t i n e . ?  E n t r y  SETNT s a v e s  

t h e  a d d r e s s  ( i n  words) o f  t h e  f i r s t  c e l l  a v a i l a b l e  f o r  t h e  n e u t r o r  bank 

i n  b l a n k  common and r e t u r n s  t h e  a d d r e s s  of t h e  las t  c e l l  I t  w i l l  u se .  

E n t r y  ST@RNT(N) stores v a l u e s  from common NUTF.0N i n t o  t h e  N t h  set of 

locations i n  t h e  n e u t r o n  bank and e n t r y  GETNT(N) does  t h e  rever:.e: i t  

p i c k s  up v a r i a b l e s  from t h e  bank and p u t s  them i n  common NUTR0N. 

C a l l e d  from: INPUT2 (SETNT) , NORSE (GETNT) , MS#UR (STBRNT) , FSG%R(ST@R3T), 

0UTPT (GETNT). 

Conmons r e q u i r e d :  B lank ,  NUTR@N. The a r e a  of b l a n k  common used for  t h e  

n e u t r o n  bank is  shown i n  :able 4.10. : Jo t ice  t h a t  I C ,  

NME, NAIlEY., NHED, and NREG are s t o r e d  i n  ?-byte words 

(and are t h e r e f o r e  l i m i t e d  to - < 65535) on t h e  IBX-360, 

b u t  are f u l l  words on t h e  UXIVAC-l iO8 and CDC-6600. 

Var:ables r e q u i r e d :  

SETNT: NLAST 

NXdST 

GETST: N 

ST@RNT: N ,  N A M E ,  N A M J X ,  NXED, N R E G ,  IS,  I!, V, G s  X ,  Y ,  Z ,  \<ATE, 

BLZNT, AGE (from !JUTR@N comori, see page 4 b-10). 

Var Fab les changed : 

SETNT: NLAST 

GETErT: v a r i a b l e s  i n  common NUTRBN r e q u i r e d  by !;El?ll' above. 

STQRNT: 1 2  l o c a t i o n s  i n  b l a n k  common. 

S i g n i f i c a n t  i n t e r n a l  v a r i a b l e s :  

NN0 - l o c a t i o n  i n  b l a n k  common of s t a r t  of n e u t r o n  ban'h. 

?On the CDC-6600 3 s e p a r a t e  s u b r o u t i n e s  ex is t .  
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1 Subroutine G@%T (TSIG, MAX) i 

i 

. .  
/ 

Any boundary c ross ings  between the present  and next  c o l l i s i o n  s i tes  
t are determined by c a l l i n g  the  combinator ia l  geometry rout ine  G 1 .  Before 

1 the G1 ca l l ,  combinator ia l  geometry v a r i a 5 l e s  i n  comcm PAkEY are i n i t i a l -  

ized; 
medium is encountered, t he  f l a g  NALB is set to  the  albedo medium number, 

and then N0RML is c a l l e d  t o  determine t h e  normal t o  tl,e sur face  encoun- 

tered.  

Called from: NXTCQL. 

Subroutines ca l led :  G1, N g W ,  PR. 

Commons required:  

and a f t e r  t he  ca l l ,  NU”f@N va r i ab le s  are updated. I f  an albedo 

i 
i 
I 
I 

MARK is set t o  -1 f o r  an external void.  

APdLL0, NUTMN, Cdm0C. 0RG1, PAREM. 

Variables  required:  

X, Y ,  Z,  NMED, U, V ,  W, NflEG) from N‘JIRdN conrmon, see page 

IBLZN 

ETATH 

- value of I R  from l a s t  t rack  o r  from LOOKZ. 

- d i s t ance  t o  be t rave led  ( i n  cm) I f  the  f l i g h t  remains 

i n  the s t a r t i n g  m e d i m .  

MARK 
TSIG 

DIST 

- i n i t i a l  value of f l a g  i cd ica t ing  type of t r a j e c t o r y .  

- t o t a l  c ros s  sec t ion  of s t a r t i n g  poin t  medium. 

- present  d i s tance  from XB(3). 

Variables  changed: 

X, Y, Z 

NALB 

MARK 

- end poin t  of f l i g h t .  

- albedo f l a g  (= MEDALB o r  0). 
- f l a g  ind ica t ing  type of terminat ion of f l i g h t ,  

0 - normal boundary crossing,  

1 - f l i g h t  w i th in  one medium, 

-1 - p a r t i c l e  escaped, 

-2 - p a r t i c l e  en tered  i n t e r n a l  void.  

NMED 

NREG 

ETAUSD 

BLZNT 

ETATH 

DISTd 

- medium of end. po in t .  

- region of end poin t .  

- a c t u a l  f l i k h t  d i s t ance  (in m.f.p.1. 

- combinatorial  geometry region of end point .  

- a c t u a l  f l i g h t  d i s t ance  ( i n  cm). 

- dis tance  from T(3) t o  r e x t  c o l l i s i o n  si te.  

I 
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Subrou t ine  G P ?  

Th i s  s i l b rou t ine  is t h e  e x e c u t i v e  r o u t i n e  f o r  t he  y n e r a t i o n  and 

s t o r a g e  of secondary gamma r a p  {or n e u t r o n s  f o r  an a d j o i n t ,  coupled 

problem). 

GWL as t h e  p r o b a b i l i t y  of g e n e r a t i n g  a gamma ray.  Thus* a random number 

i s  compared w i t h  GWL, and i f  g r e a t e r ,  no gamma ray is gene ra t ed ;  

less than  o r  e q u a l ,  then a garnna r a y  w i t h  weight = WATE+PGEN/GkZ is 

s t o r e d .  Th i s  procedt-re  produces gamma r a y s  o f  va ry ing  weights ,  b u t  t h e  

number o f  gamma r a y s  may L e  c o r t r o l l e d  e a s i l y .  Ibis versicin i s  t h e  one 

d i s t r i b u t e d  t o  u s e r s .  

The v e r s i o n  of GPR0B which is found tc be  most u s e f u l  ubes 

i f  

Another v e r s i o n  of GPEgB v h i c h  h a s  been implemented i r i  s o u  cases 

uses  OJL as a d e s i r e d  g a m  weight.  The p r o b a b i l i t y  of g e n e r a t i n g  a 

gamma ray is determined and t h e  r e s u l t i n g  gamma-ray weight , ,  WATEG, is 

corcpared wi th  i a p u t  v a l u c s  of t h e  d e s i r e d  gamma-ray w e i g h t ,  GWL. 

r o u l e t t e  and s p l i t r i n g  a r e  used t o  produce gamma rays of weight CWL. T'nat 

is, i f  t he  gama-ray weight is  less than t h e  inpu t  v a l u e s ,  t h e n  t h e  gamma 

ray  is  k i l l e d  with p r o b a b i l i t y  (GVL-IWE.TEC,I)/GWT, and  s t o r e d  w i t l -  prob- 

a b i l i t y  (]WATEG])/GW. 

va lue ,  then there a r e  J = WATEG/(;WL ganms rays s t o r e d  w i t h  weight c%'L w i t h  

Russian r o u l e t t e  played with t h e  remaining gamma ray o r  weight  YATEG - J*GWL. 

Ca l l ed  from: bI0RSE. 

Subrou t ines  c a l l e d :  GANGEN. GsTgRE, FL.TKSF. 

Commons r equ i r ed :  Blank, XUTRQN. APC!-L@. 

Var iab le s  r e q u i r e d :  

Russian 

If t h e  gamma-ray weit,ht i s  g r e a t e r  than t h e  i n p u t  

I G  - primary p a r t i c l e  energy group. 

NMED - geometry medium. 

dATE - primary p a r t i c l e  weight .  

GWL - i n p u t  weight v a l u e s  f o r  gamma r ays .  

NREG - geometry region.  

NMTG - t o t a l  nilrrler of  p a r t i c l e  groups.  

MXREG - number of  r e g i o n s  for which t h e r e  a:: wcight s t a n d a r d s .  

S i g n i f i c a n t  i n t e r n a l  v a r i a b l e s :  

WATEG - gamma-ray weight .  

PGEN - gama- ray  g e n e r a t i o n  p r o b a b i l i t y .  
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N?EM 

NMflST 

N?lTG 

MXREG 

IG 
NREG 
WATF, 
NAME 
U,V,W 

Subrou t ine  CSTQRE (W8G,  IGG) 

This subroi::ine checks to see i f  t h e r e  is room i n  t h e  bank, and j f  

so stores t h e  s i g n i f i c a n t  v a r i a b l e s  f o r  t h e  gene ra t ed  g a m 1  r a y  (or neu t ron  

in an a d j o i n t  coupled problem). S i n c e  t h e  in fo rma t ion  i n  NU'1k0N common 

i e  s t o r e d ,  the c u r r e n t  n e u t r o n  parameters  must b e  saved temporer i ly  and 

then  r e s t o r e d .  

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

through t h e  P W K R  i n t e r f a c e .  

C a l l e d  f r o r :  GPR0B. 

Subrou t ines  c a l l e d :  CTIS0 ( U ,  V ,  W ) ,  STQRNT (NXEM), PAIXKR ( 4 ) .  

Commons r equ i r ed :  NUTR$!I, AP0LL0. 

Va r i a b  les  r e q u i r e d  : 

Lt, is assumed t h a t  t h e  gamma r a y  is e m i t t e d  uniformly 

A n  o p t i o n  for a n a l y z i n g  t h e  gene ra t ed  gamma r a y  is provided 

W8G - g a m - r a y  weight .  

IGG - gamma-ray energy group. 

L0CNSC - l o c a t i o n  i n  blank common of c e l l  Z ~ K C  of s c a t t e r i n g  

c o u n t e r  a r r a y s .  

- l as t  l o c a t i o n  i n  bank t h s t  has beer. u s c C .  

- maximum number of p a r t i c l e s  allowed t h e  bank. 

- t o c a l  nuuher of energy groups.  

- maximum r e g i o n  number. 

(from KLJTRflN common, see page 4.&1(,). 

V a r i a b l e s  changed: 

"EX -- last  l o c a t i o n  i n  bank Chpt h a s  been us:d. 

NEWM - t h e  gamma-ray name. 

S i g n i f i c a n t  i n t e r n s 1  v a r i a b l e s :  

U ,  V, W - d i r e c t i o n  c o s i n e s  of gamma ray .  

L i m i t a t i o n s :  I s o t r o p i c  g a m - r a y  emission.  
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Subroutine INPUT 

The b a s i c  f u n c t i o n s  of s u b r o u t i n e  INPUT* a r e  t o  b e  r e a d ,  from c a r d s ,  

t h e  b a s i c  problem d c s - r i p t i o n ,  and t o  p r i n t  o u t  t h i s  i n fo rmac ion ,  t o  

i n i t i a l i z e  parameters ,  t o  perform some i n i t i a l  t r a n s f o r m a t i o n s  on b a s i c  

p rob len  d a t a ,  and t o  c a l l  o t h e r  more s p e c i a l i z e d  r o u t i n e s  t h a t  perforrr! 

similar i n i t i a l i z a t i o n s .  As an  example, s e v e r a l  group i n d i c e s  must b e  

a c t  d i f f e r e n t l y  dependifig on whether t h e  problem i b  2 n e u t r o n  o n l y ,  

g a m a  o n l y ,  o r  c o & i i i ~ d  w u t r o n  and g a m a .  I f  a n  adSoint  problem is 

b e i n g  done, many q u a n t i t i e s  must be s t o r e d  d i c f e r e n t l y  s i n c e  a l l  v a l u e s  

are i n p u t  as though a forward c a l c u l a t i o n  was b e i n g  done. 

C a l l e d  from: ?-@%E. 

Subrou t ines  c a l l e d :  INPUT1 and IXPdT2. 

-- 
*This r o u t i n e  has  been s p l i t  i n t o  two r o u t i n e s  ISPUT1 sild IKPLIT2 t o  
allow f o r  a rare e f f i c i e n t  o v e r l a y  structures. 
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S u b r o u t i n e  INPUT1 

This r o u t i n e  r e a d s  t h e  random walk i n p u t  and ca l l s  r o u t i n e s  t o  read 

t h e  s o u r c e  s p e c t r a  and t h e  geometry d a t a .  

C a l l e d  from: INPUT 

S u b r o u t i n e s  called: 

DATE 

S0RIN - r e a d s  c a r d s  E ,  s o u r c e  s p e c t r a  and r e l a t i v e  importance 

- provided EBCDIC s t r i n g  c o n t a i n i n g  day of week and d a t a .  

of s o u r c e  groups,  i f  b i a s i n g  is d e s i r e d .  

R M ) I N  - s t o r e s  i n i t i a l  random number. 

RND#UT - r e t r i e v e s  c u r r e n t  random number. 

J ~ M I N  - r e a d s  geometry d a t a .  

Func t ions  c a l l e d :  

ICt!)?PA (A,B,N)? ( l i b r a r y  f u n c t i o n  a t  Oak Ridge Na t ions1  Laborator!. - 
compaies, b i t  by b i t ,  N b y t e s  of l o c a t i o n s  A and B; 

z e r o  i f  A and B are i c i e r t i c a l ) .  

r e t u r n s  

M0DELI; ( l i b r a r y  f u n c t i o n  a t  dak Ridge N a t i o n a l  Laboratory which 

de te rmines  t h e  model of t h e  computer) I 

Commons roqciired: B l a n k ,  GEbMC, BAW, USER,  B:XNP!C, NL‘TRBN , AP6LL0, 
FISSh?;, N@RHAL. 

V a r i a b l e s  tnput :  (.y.ae d e f i n i t i o n s  of v a r i d b l e s  i n  common AP8LL8, NUTRgN, 

USER, pages 4.4-4,4.4-10,4.6-7) 

A more d e t a i l e d  l i s t i n g  of i n p u t  is  given i n  S e c t i o n  4.3.)  ’ 

CARD A ( 2 0 A 4 )  

T i t l e  

(Any c h a r a c t e r  o t h e r  t han  a b l a n k  o r  a lphamer i c  i n  column one will 

t e r m i n a t e  the  jcb.) 

CARD B (1015, F5.0, 275) 

NSTRT, NMQST, NITS, hQUlT, NGPQRJ, NGPQTG, NMGF, X?XG, NCQLTP, I A D R i ,  

AXTIX, MEDIA, NEDAI-B 

CARD C (475,5E10.5) 

ISQUR, NGPFS, ISSIAS, (unused) ,  WTSTRT, EGBTN, EBdTG, TCUT, VELTH 

CARD D (7E10.4) 

XSTRT, YSTRT, ZSTRT, AGSTRT, UINF, V I N P ,  WIN€’ 

fNot used i n  v e r s i o n s  o t h e r  t han  IBM-360. 
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CARDS E l  (7E10.4) ( sk ipped  i f  IS0UR > 0 o r  ISgUR = U and N G P F S  = 0) 

( r e a d  by SQRIN) 

FS(I), I = 1, NGPFS 

CARDS E2 (7E10.4) ( sk ipped  i f  ISOUR > 0 or  IS(JUR = 0 and NGPFS i: 0) 

( s k i p p e d  i f  ISBIAS 5 0) 

BYS(I), I = 1, NGPFS 

( r e a d  by SdRIN) 

CARDS F (7E10.4) 

ENER(I) ,  I = 1, NMTG 

CARD G (2IS,5X,3611,5X,i311) 

NHISTR, h'HIS,XX, ( N B I N D ( J )  , J=1,36) , (KCQLI,S( J )  ,3=1,13) 

CARD H (212) 

RANDGM 

CARD I (1415) 

NSPLT, K I L L ,  NPAST, E G L E M ,  IESIAS, LYHEG, ?iAXCP 

CARi)S J (615,4E10.5) 

NGPI, N D G ,  NGP2, N K G 1 ,  SWG, N R G 2 ,  I U " t i 1 ,  I;TLV)\?l, WTS2\Tl, PATH 

( r e a d  u n t i l  NGPl 0) 

URDS K (7E10.4) ( sk lpped  i f  TEBIAS 5 0) 
((EPROB(IG,NREG) ., I G = l , N ? f K )  ,NKEG;.I , r i W E G )  

CARD L (1415) 

NSgUR, PfFISTP , hXCALC, X0RSIF 

CARDS M (7El0.4) ( sk ipped  i f  MFISTP 0) 

(FWL.O( I) , Z=1 ,PlXREG) 

CARDS N (7E10.4) ( sk ipped  i f  PFISTP 5 0) 

(FSE(IG,I?ED) ,IG-l,K?!TG) ,IPED=l , ? E D I A )  

CARDS 0 (7E10.4) ( sk ipped  if NGPQTN o r  NCPOTG = 0) 
((GWL@(IG,NREG) ,IG=l, NXGP or NXTCXXGP), N R E G = l ,  ?ISREG) 

J @ l I N  c a l l e d  f o r  geometry d a t a  

V a r i a b l e s  changed: 

A l l  i n  conlclon USER - set fo r  u s e  by a n a l y s i s  r o u t i n e s .  

A l l  i n  common N0RWL - ze roed .  

All i n  commn GEQMC - zeroed .  

A l l  i n  c o m o n  NUTRdN - f i l l e d  with junk word ( see  page 4.4-19). 

All i n  cornon WGLL0 - e x c e p t  11, I O ,  ITEIE, NLPST are f i l l e d  

w i t h  j u n k  word. 
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MAXTIM DFF 2 
NGpQTc \ 
NGPQTl , 
NGPQTZ 
NGPQT3 
hWPC@L 
NC6LPR 

RANc6:4 

for  de f in i t ions ,  see common APthLL0, pagt 4 - 4 4 .  and 

Fig.  4 . 3 ,  the  diagram of energy group structure.  I 
- s e t  to  internal  nurrher by WDI'N i f  zero i s  read in .  

MAXGP - set to  1 i f  0 is  read i n .  

PD(REG - set to 1 i f  0 is read in. 

PIGPEG - SWXGP*HXREG. 

LQCWTS 

L ~ C E P R  

for de f in i t ions ,  see common A P ~ L L Q ,  page 4 . 4 - 4  . 
!,@CFSN 

NLAST 
SSIGL ( 
SFTSBN 
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S u b r o u t i n e  INPUT2 

This r o u t i n e  cal ls  r o u t i n e s  t o  r e a d  c r o s s  s e c t i o n  d a t a  and a n a l y s i s  

d a t a .  It a l s o  does some i n i t i a l i z a t i o n s  and ca l l s  a r o u t i n e  to se t  up t h e  

n e u t r o n  bank. 

C a l l e d  from: INPUT 

S u b r o u t i n e s  c a l l e d :  . 
XSEC - r e a d s  c r o s s - s e c t i o n  d a t a .  

SETNT - se ts  up n e u t r o n  bank. 

EXIT - l i b r a r y .  

SCgRIN 

GANGEN - p r o v i d e s  ganma-generation p r o b a b i l i t . i e s .  

FISGEN - p r o v i d e s  f i s s i o n - g e n e r a t i o n  probabi! ities. 

NSIGTA - p i c k s  up c r o s s  s e c r i o n .  

- u s e r  r o u t i n e  f o r  r e a d i n g  a n a l y s i s  d a t a .  

Commons r e q u i r e d :  Blank, USER, AF'BLL0, FISBNK 

VariAles i n p u t :  a l l  t h e  c r o s s  s e c t i o n  and a n a l y s i s  d a t a .  

V a r i a b l e s  changed: 

f o r  d e f i n i t i o n s  see commn ATOLL@, page h.4-4. t NLAST 
NSIGL 
NFISBN 
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- Funct ion IWEEK ( M g N T H ,  IDAT, IYEAR) - IBM-360 Version* 

T h i s  r o u t i n e  w i l l  look up t h e  d a t e  f o r  yc:' if you d o n ' t  know i t  and 

fill i n  i n r e g e r  v a l u e s  f o r  M@NTH, IDAT,  and I Y i k R  ( r eques t ed  w i t h  M6NlH 

- C 0). It also r e t u r n s ,  as t h e  f u n c t i o n  v a l u e ,  an i n t e g e r  from 1 t o  3 

r e p r e s e n t i n g  t h e  day of t h e  veek. I f  i t  is g iven  a p o s i t i v e  v a l u e  of 

M@NTH, i t  a s s e s  ycu have given i t  a month, day of month, and y e a r  and 

w i l l  n o t  d i s t u r b  t h e s e  b u t  will simply determine t h e  day of t h c  week. 

I f  you stump i t  (by s p e c i f y i n g  a y e a r  b e f o r e  1901. o r  a f t e r  209' ')  IWEEK 

is r e t u r n e d  as zero.  

Ca l l ed  by: DATE 

Roilt ines c a l l e d :  

IDAY - l i b r a r y  r o u t i n e  a t  ORNL; t h e  o u t p u t  is  two 4-byte vo rds  

c o n t a i n i n g  8 EBCDIC c h a r a c t e r s  r e p r e s e n t i n g  t h e  num'xr 

of t h e  month, a hyphen, t h e  day of the  month, a hyFhen, 

and t h e  l as t  two d i g i t s  of t h e  y e a r .  ThdC is, on Yay 

3G, 1970, t he  argucent f o r  I D A Y  w i l l  r e t i i rn  c o n t a i n i n g  

the  EBCDIC r ep rese r i tn t ion  of 05- 30-70. 

. *  V a r i a b l e s  r e q u i r e d :  

M0"R 5 0 - f l a g  t o  c a l c u l a t e  P l @ U "  I D A T ,  and IYEAR.  

> 0 - f l a g  t o  l e a v e  arguments a l o n e .  

V a r i a b l e s  modif ied:  

M 0 N T H  - i n t c g e r  r e p r e s e n t i n g  month. 

I DAT 

IYEAR - i n t e g e r  r e p r e s e n t i n g  yea r .  

IWEEK - i n t e g e r  r e p r e s e n t i n g  day of week.. 

- i n t e g e r  r e p r e s e n t i n g  day of month. 

*This r o u t i n e  is  a dummy r o u t i n e  L,i t h e  CDC-6600 and UXIVAC-1108 v e r s i o n s .  
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Sub rou  t i n e  ?‘IS BUR 

YS0UR is  t h e  e x e c u t i v e  r o u t i n e  Cor t h e  gene ra t ion  and s t o r a g e  of  t h e  

sou rce  parameters  a t  t h e  s t a r t i n g  of each batch.  The source p a r a n e t e r s  

may be  r ead  i n t o  INPUT on c a r d s ,  gene ra t ed  by s u b r o u t i n e  SOURCE o r  ob- 

t a i n e d  from t!ie f i s s i o n  bonk f o r  a m u l t i p l y i n g  s y s t e m .  For e i t h e r  type 

of  problem t h e  c a l c u l a t i o n s  by s u b r o u t i n e  SgL‘RCE override_ the  f i s s i o n  

bank input or the  v a l u e s  read from ca rds .  I f  t h e  d i r e c t i o n  c o s i n e s  are 

a l l  i n p u t  as ze ro ,  an i s o t r o p i c  s o u r c e  d i r e c t i c n  is  gene ra t ed .  The 

group r-umber o b t a i c e d  f r o n  t i e  f f s s i o n  bank is t h e  group caus ing  f l s s i o n  

and may be  used i n  the  s e l e c t i o n  of t h e  scu rce  group f w  t h e  f i s s i o n  

neutrons.  FSE i n  b l ank  common c o n t a i n s  t h e  group d i s t r i b u t i o n  f o r  each 

m e r 2  Em. 

Ca l l ed  from: M0F.SE 

Subrou t ines  c a l l e d :  FSSL R, GETNT, SOURCE, GTIS8, STQRNT, BAXKR(l), L!’,@KZ 

Commons r e q u i r e d  : NUI’RbfN, FISBKK, A!?(dLI,@, CQhlLdC, ORCI  

Variables r e q u i r e d :  

ITSTR - an index  which determines I f  t h e  sou rce  qhould b e  o b t a i n e d  

from t h e  p rev ious  b a t c h  f i s s l o n s  (ITSTK f 0) o r  gene ra t ed  

by S@URCE or from i n p u t  d a t a  (ITSTR = 0) .  

ISdUR - an index which de te r r r ines  t h e  c p t i o n s  f o r  the  energy 

d i s t r i b u t i o n  of t h e  w J r c e .  If ISdUR 0 the  sou rce  

e n e r g i e s  are a l l  gene ra t ed  i n  energy group IS@LIR. 

I S B U R  0, o r  if IS@Wt = G and NGPFS # 0 ,  s u b r o u t i n e  

IPlPUTi c a l l s  SBRIN and thu energy is s e l e c t e d  by SgURCE. 

I f  

“ E M  - t h e  number of p a r t i c l e s  t o  be gene ra t ed  f o r  t h e  b a t c h ,  

= NSTART f o r  non- f i s s ion ing  systems and NFISH f o r  mul- 

t i p l y i n g  systems. 

XSTRT’ YSTRTs ZSTRT 
WTSTRT, AGSTRT 

U I N P ,  V’INP, ZINP 

s t a r t i n g  paramcaters i n p u t  from c a r d s ,  

from common APQLL0,  see page 4.4-4 . 1 
Var iab le s  changed: 

UOLD, VgLD, WBLD, ETATH, XQLD, YOLD, :!OLD, IBLZg,  ETA, IC@, 

MEMLD, OLDAGE - prev ious  c o l l i s i o n  p;irameters are zeroed f o r  

t h e  sou rce .  

k3LMJT - prev ious  c o l l i s i o n  weight  set e q u a l  to WiSTRT. 
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parameters s e t  for each particle 

generated, put in NUTRBN common, I see page 4.4-10. 

X, Y, 2, WATE, AGE, NAMEX, 

IBLZN, NREC, NMED, NAME, 
U, V,  W ,  I C  

NPSCL(1) - couater for number of sources. 

NEh'NM - set to  name of l a s t  particle generated. 

ndn 1 
zeroed for the next batch. 

NFISH 
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Subrou t ine  NXTCgL 

T h i s  s u b r o u t i n e  is  c a l l e d  Sy t h e  main program to determine t h e  

s p a t i a l  c o o r d i n a t e r ,  t h e  b l o c k  and zone number, p x t i c l e ' s  age,  and non- 

a b s o r p t i o n  p r o b a b i l i t y  a t  t h e  n e x t  c o l l i s i o n  s i te  and a t  every boundary 

c r o s s i n g  encountered a long  t h e  way. The to t a l  number of boundary c ros s -  

i n g s  is recorded as is t h e  number of escapes. If a p a r t i c l e  e scapes ,  

Its weight is set e q u a l  t o  z e r o  and t h e  h i s t o r y  w i l l  be terminated by t h e  

main program. 

Ca l l ed  from: M0RSE 

Subrou t ines  c a l l e d :  GETETA, NSICTA, G@MST, BANKR( 7 ) ,  B A N K R ( 8 j  

Commons r equ i r ed :  Blank, NUTRLb, APgLL0 
Var iab le s  r equ i r ed :  

AGE - c h r o n o l o z i c a l  age of t h e  p a r t i c l e  a t  t h e  p rev ious  

c o l l i s i o n  s i te .  

TBLZN - a n  intey,er s p e c i f y i n g  t h e  zone number art t he  p rev ious  

c o l l i s , o n  s i te .  

N:ED - t h e  r.edium number a t  t h e  p rev ious  c o l l i s i o n  s i t e .  

XdLD,  YOLD, ZgLC - s p a t i a l  c o o r d i n a t e s  a t  t h e  p rev ious  c o l l i s i o n  

s i te .  

UgLT., VdLD, W0LD - t h e  p a r t i c l e ' s  p r e c o l l i s i o n  d i r e c r i o n  c o s i n e s .  

TSIG - t o t a l  c r o s s  s e c t i o n .  

Var i ab le s  changed: 

AGE - c h r o n o l o g i c a l  age a t  new c o l l i s i o n  s i t e .  

IBLZN - an i n t e g e r  c o n t a i n i n g  t h e  zone number at. t h e  new 

c o l l i s i o n  s i t e .  

NNED - end-o f - f l i gh t  medium. 

NPSCL(7) - t o t a l  numher of boundary c r o s s i n g s .  

NPSCL(8) - r.*unber o f  e scapes .  

X, Y ,  Z - end-o f - f l i gh t  s p a t i a l  c o o r d i n a t e s .  

WATE - weight  of  p a r t i c l e  undergoing f l i g h t  t o  t h e  new c o l l i s i o n  

s i t e .  

S i g n i f i c a n t  i n t e r n a l  v a r i a b l e s :  

MARK - a n  index which i d e n t i f i e s  t h e  type  of even t  a t  ( X , Y , Z ) ;  

MARK = 0, normal boundary c r o s s i n g ;  MARK = 1, f l i g h t  

ended w i t h i n  t h e  medium; MARK = -1, p a r t i c l e  escaped;  

MIARK = -2 ,  p a r t i c l e  e n t e r e d  an i n t e r i o r  void.  



ETA - mean-free paths of f l i g h t  remaining a f t e r  a boundary 

crosstng.  

ETATH - total disrance that  a p a r t i c l e  would travel  i f  the 

medium a t  the s t a r t i n g  point was extended i n d e f i n i t e l y .  

ETAUSD - mean-free paths of  f l i g h t  c o n s m d  while traversing a 

given medium. 
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Subrou t ine  QUTPT (KEY) 

This r o u t i n e  c o n t r o l s  t h e  c a l c u l a t i o n  and o u t p u t  of t h e  ave rage  v a l u e s  

of t h e  s o u r c e  pa rame te r s  ( b e g i m i n g  of t h e  b a t c h ,  KEY = 1) and t h e  co l l i -  

s i o n  c o u n t e r s  a t  t h e  end of each b a t c h  (KEY = 2 ) .  A t  t h e  end of t h e  run 

(KEY = 3),  r e s u l t s  f o r  t h e  number of s c a t t e r i n g s ,  t h e  w a y s  i n  which t h e  

p a r t i c l e s  were t e rmina ted ,  and t h e  c o u n t e r s  f o r  s p l i t t i n g  and RJss i an  

r o u l e t t e  are p r i n t e d .  

For k ca lcu la t io r . s ,  t h e  estimate of k a t  t h e  end o f  each b a t c h  is 

o u t p u t ,  w i t h  t h e  f i n a l  v a l u e  of k and its s t a n d a r d  d e v i a t i o n  o u t p u t  a t  

t h e  end of t h e  run. 

I n  a d d i t i o n ,  t h e  C.P .U .  t i n e  used is o u t p u t  f o r  each  ba tch .  

C a l l e d  from: I.l@RSE 

S u b r o u t i n e s  c a l l e d :  TIMER, GETNT, 0UTPTZ 

C0unnor.s r e q u i r e d :  Blank, PU’UTRdN, tlp@LL@, FISBlr?; 

Var i ab le s  r equ i r ed :  ( n e a r l y  a l l  v a r i a b l e s  from NUTR@N c o m n ,  see 

page 4.4-10 f o r  d e f i n i t i o n ) .  

NITS, ITERS, NMEM 

NPSCL( I )  

N@RXF, NFISH, NKCALC, NSPLT, NKILL ( i r o n  common M@I,Lb, see 

page 4.4-4 1. 
S i g n i f i c a n t  i.iternal v a r i a b l e s :  

FNX RJ - a runn ing  coun t  of t h e  t o t a l  number o f  p a r t i c l e s  s t a r t i r i g .  

SWATE - the  sum of t h e  source p a r t i c l e  w e i g h t s .  

. FKSUM - runn ing  sum of t h e  k v a l u e s  weighted by t h e  number of 

p a r t i c l e s  s t a r t i n g  t h e  b a t c h .  

VARK - rt lnning SUQ of t h e  s q u e r e  of t h e  k v a l u e s  weighted by 

t h e  number of p a r t i c l e s  s t a r t i n g  t h e  ba t ch .  

NITSK - number of b a t c h e s  used for k c a l c u l a t i o n .  



t 

Subrovtine 0UTPT2 (NI, WNI, WXGP, MXREG, 18) 

Tiis subrout ine  I s  used t o  output  t he  numb.?r (NI) and weight (WXI) 

counters  i nd ica t ing  t h e  r e s u l t s  of Russian r o u l e t t e ,  s p l i t t i n g ,  and 

s c a t t e r i n g s  f o r  t he  complete problem. 

and energy group. 

Called from: 0UTPT 
Variables  required:  

The output  a r r ays  depend on region 

NI 
WNI 

- t he  two-dimensional a r r ay  to  be output .  

- t he  two-dimensional a r r a y  t o  be output .  

MAXGP - the  l a r g e s t  group f o r  which Russian r o u l e t t e  and 

s p l i t t i n g  vere considered. 

MXREX - the  nurober of regfons fJr weight: standards.  

I0 - the  l o g i c a l  output  tape number. 



4.4-54 
u 

S u b r o u t i n e  SdRIN (DFF, NGPFS) 

The source  ene rgy  spectrum ( i n  group form) and,  i f  needed f o r  

b i a s i n g ,  t h e  r e l a t i v e  importance of s o u r c e  groups,  are input. and t r a n s -  

formed t o  cumulat ive d i s t r i b u t i o n  f u n c t i o n s  (c.d.f  .) by t h i s  r o u t i n e .  

(Note t h a t  t h e  b i a s e d  spectrum is n o t  i n p u t  b u t  rather c a l c u l a t e d  by 

SBRIN.) Forward and a d j o i n t  cases are handled a u t o m a t i c a l l y .  I f  a n  

a d j o i n t  problem is  b e i n g  done, t h e  c . d . f . ' s  s tar t  a t  1.0 and d e c r e a s e  

w i t h  group so t hey  w i l l  b e  i n  t h e  c o r r e c t  o r d e r  a f t e r  INPI:T;! reverses 

t h e  a r r a y s .  NGPFS v a l u e s  o f  t h e  n a t u r a l  spectrum ( r e f e r r e d  to as t h e  

a r r a y  FS) and, i f  r e q u e s t e d ,  t h e  r e l a t i v e  importence ( r e f e r r e d  t 3  a s  

t h e  a r r a y  BFS) are i n p u t  i n t o  b l a n k  common. A f t e r  FS is  i n p u t ,  t h e  

summations DDF o v e r  groups 1 to NGPFS, and DFF o v e r  a l l  groups a c t u a l l y  

b e i n g  used up t o  NGPFS are fo rced .  DDF i s  r e p l a c e d  by (DFF/DDF)*WTSTRT 

f o r  use, i n  SbIJRCE, as a weight  c o r r e c t i o n  when less  than  NGPFS groups 

are b e i n g  used i n  t h e  problem. 

use by t h e  a n a l y s i s  as a n o r m a l i z a t i o n  i n  a d j o i c t  prohlems. 

be no ted  t h a t  t h e  a r r a y  FS, as i n p u t ,  A S  t r e a t e d  as f r a c t i o n s  of par -  

t i c les  t o  be e m i t t e d  i n  t h e  n a t u r a l  d i s t r i b u t i o n s ,  b u t ,  fo r  t h e  a d j o i n t  

case, should c o n s i s t  CF ave rages  ove r  t h e  group widLh, not i n t e z r a l s .  

C a l l e d  from: IKPUT1 

Func t ions  used: A E S ,  MAX0 ( l i b r a r y )  

Conmons r e q u i r e d  : APdLL0 

V a r i a b l e s  r e q u i r e d :  

DFF is t r a n s f e r r e d  t o  conmoil USER f o r  

I t  shouid 

NGPFS - number of v a l u e s  Gf FS (and B E )  to b e  reasd. 

N W G  - t o t a l  number o f  groups i n  c r o s s  s e c t i o n s .  

NGPQTN 

NGPQTG 

WGP - n m b e r  o f  pr imary p a r t i c l e  groups i n  cross sec t io r , s .  

WTSTRT - s t a r t i n g  p a r t i c l e  we igh t ,  a s  i n p u t .  

I A D J X  

ISBIAS - s o u r c e  b i a s  s w i t c h ,  b i a s i n g  used i f  > 0. 

- number o f  neu t ron  groups.  

- number of gamma-ray groups.  

- p o s i t i v e  f o r  a d j o i r l t  problem, 5 0 €or  forw.ard. 

V a r i a b l e s  i n p u t :  

format  (7E10.4) I 
FS(I) ,  I=1, NGPFS, and 

i f  ISBIAS > 0, 

BFS(I), 1=1, KPFS 

.,. ., , - .. 
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Variables changed : 

DFF - summation o f  FS ov2r groups being used i n  problem. 

DDF - ratio of DFF to s u m a t i o x  of FS over NGPFS gro'lps, 

times s t a r t i n g  we ight .  

S i g n i f i c a n t  i n t e r n a l  var iab les :  

KC-PQT - set t o  NGPQTN i f  neutron only cr combined problem, 

set t o  NGPQTG i f  garma o n l y  problem. 

NG1 - set t o  the l a r g e s t  of NGPFS, WPQTN,  SGPQTC for s i n g l e  

p a r t i c l e  problem, set t o  NMGP+l f o r  combined problem. 

NG2 - set to NMGPWGPQTG f o r  combined problem, i rre l evant  

f o r  s i n g l e  p a r t i c l e  type pruolem. 
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Subrou t ine  SgURCE ( I G ,  U,  V, W ,  X, Y ,  2, WATE, Mf13, XG, IS@UR;'JTSTR, 
NGTQ'I'3, DDF, ISBIAS, NMTG) 

T h i s  s u b r o u t i n e  determines t h e  i n i t i a l  parameters f9r a l l  pr imary 

p a r t i c l e s .  

SgURCE tLen those  i n p u t  parameters  a r t  used f o r  every p a r t i c l e .  

f i s s i o n  problem i s  b e i i l g  ccns ide red ,  t h e  p a r t i c l e  group a t  t h e  t i m e  SgURCE 

is c a l l e d  is t h e  group caus ing  th, f i s s i o n  e v e n t  and t h e  s o u r c e  energy 

group f o r  t h e  new p a r t i c l e  must be  reset. 

h e r e  m e r e l y  s e l e c t s  from m i n p u t  ene r sy  spectruin. An oZt ion  t o  select 

from a b i a s e d  energy d i s t r i b u t i o n  is  provided.  

s e l e c t i n g  from t h e  modified d i s t r i b u t i o n  is g iven  by t h e  ra t ic  of t he  

n a t u r a l  p r o b a b i l i t y  t o  t n e  b i a s e d  p r q b a b i l i t y  a t  t h e  s e l e c t e d  energy 

group. 

Ca l l ed  from: MS0UR 

Commons r equ i r ed  : Blank 

Variables  r equ i r ed :  

I f  t h e  v a r i a b l e s  which are i n p u t  t o  130RSE are n o t  a l t e r e d  by 

I f  a 

"he v e r s i o n  of  SOURCE d i s c u s s e d  

'Ke weight correction f o r  

ISgUR - a swi t ch  h-hicn d e t e r z i n e s  t h e  type of sou rce  - see 

INPUT1 . 
ITSiX - a swit:h vh ich  i n d i c a t e s  whether f i s s i o n  is  a n  o r i g i n a l  

sou rce  p a r t i c l e  o r  a daughter .  

NGPQT3 - t o t a l  number of groups ove r  which the problem is d e f i n e d .  

DDF - s t a r t i n g  weight c o r r e c t e d  f o r  s o u r c e  b e i n g  de f ined  ove r  

d i f f e r e n t  number of  groups rhan a c t u a l l y  be ing  used i n  

t h e  problem. 

ISBIAS - swi t ch  i n d i c a t i n g  i f  b i a s e d  sampling i s  Lsed f o r  sou rce  

energy. 

NITIC - t o t a l  nimber of groups.  

V a r i a b l e s  changed: 

WATE - p a r t i c l e  sou rce  weight .  

IC - p a r t i c l e  energy group. 

S i g n i f i c a n t  i n t e r n a l  v a r i a b l e s :  

NWT - l o c a t i o n  of group 2ero s o u r c e  p r o b a b i l i t y  ( e i t h e r  b i a s e d  

o r  unbiased) .  

L imi t a t ions :  Th i s  v e r s i o n  o n l y  selects an energy group. I f  a upor 

r e q u i r e s  s e l e c t i o n  of o t h e r  parameters ,  he must supply an 

a p p r o p r i a t e  SOURCE r o u t i n e .  
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Subrou t ine  TESTW 

TESTW is c a l l e d  a f t e r  a p a r t i c l e  is withdriiwn from t h e  bank and then 

a f t e r  each  c o l l i s i o n .  A test i s  f i r s t  performed to  determine i f  t h e  

Russian r o u l e z t e  and s p l i t t i n g  o p t i o n s  have been s p e c i f i e d .  

p a r i s o n  of  t h e  p a r t i c l e ' s  weight is made with t h e  Russian r o u l e t t e  

weight s t a n d a r d  WTLQR t o  determine i f  t h e  p a r t i c l e  w i l l  expe r i ence  

Russian r o u l e t t e .  If che p a r t i c l e  i s  k i l l e d ,  its weight is  set  equa l  t o  

Then a com- 

ze ro ,  and i f  i t  s u r v i v e s  i t  assumes a new weight ,  WTAVE, which is  des ig -  

n a t e d  by t h e  -mer. 

I f  Russian r o u l e t t e  is  n o t  performed, a coinparison of t h e  p a r t i c l e ' s  

weight  is made wit!] t he  s p l i t t i n g  weight s t a n d a r d  WTHIR t o  d e t e r n i n e  i f  

t h e  p a r t i c l e  should be s p l i t .  I f  :lie p a r t i c l e  is s p l . i t ,  each of  t h e  two 

p a r t i c l e s  w i l l  assume a welght which i s  ha l f  t h a t  of t h e  o r i g i n a l  p a r t i c l e .  

One of t h e  p a i r  is  given a name n o t  i n  c u r r e n t  use, and then placed i n  

t h e  bank. The s p l i t t i n g  p rocess  is repeated on t h e  remaining p a r t i c l e  

u n t i l  t h e  p a r t i c l e ' s  weight f a l l s  below t h e  s p l i t t i n g  s t a n d a r d  W T H I R .  

C a l l e d  from: MgRSE 

Subrou t ines  c a l l e d :  BIUJKR(ll)t, BANKR(12)?, bltfiRNT, BANKR(2)f. 

Commons r e q u i r e d  : Blank , NbTRflN , AF'dLL0 

V a r i a b l e s  inpu t :  

IG' '''ILL' NSPCT* from common ~ZPOILLQ, see page 4 . 4 - 4  . 
W " I R  - weight  s t a n d a r d  for s p l i t t i n g .  

WTL@K 

W A V E  - weight  a s s igned  t v  p a r t i c l e  which s u r v i v e s  Russian 

NMgST, N?EM, NEWNM i 
- weight  s t a n d a r d  f o r  Russian r o u l e t t e .  

r o u l e t t e .  

V a r i a b l e s  changed: 

WATE - t h e  weight of t h e  p a r t i c l e  a f t e r  s p l i t t i n g  o r  Russian 

r o u l e t t e  and j u s t  b e f o r e  i ts  n e x t  c o l l i s i o n .  

NMEM - t h e  new number o f  p a r t i c l e s  i n  t h e  bank. 

NEWNM - t h e  names of t he  daugh te r  p a r t i c l e s  c r e a t e d  by s p l i t t i n g .  

?The CALL s t a t e m e n t s  f o r  t hese  r o u t i n e s  a r e  comment c a r d s ;  t h e  u s e r  
who d e s i r e s  t o  use  them must change t h i s  so t h e  s t a t e m e n t s  a r e  e x e c u t a b l e .  

\ 
\ 
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Subrout ine TIMER (L,.4) IBM-360 Version* 

Upon e n t r y  t o  t h i s  r o u t i n e ,  L is an i n d e x  hav ing  v a l u e s  c,f -2, -1, 

0, or 1, which s p e c i f y  one of t h e  following op t ions :  

L Opt i o n  - 
-2 

-1 Read g l o b a l  c lock.  

I n i t i a l i z e  local and g l o b a l  c locks .  

0 

1 Read local  c lock .  

Read and reset l o c a l  c lock.  

For a l l  e x c e p t  L = -2, t h e  a p p r o p r i a t e  c l o c k  r ead ing  i s  converted t o  an 

EBCDIC s t r i n g  of up to 39 b y t e s .  

minutes  and seconds are provided.  

are ze ro ,  on lv  t h e  number of seconds is provided.  

t he  s t r i n g  is  'LESS THAN ONE SECOND'. 

to  cc.ntain tlie s t r i n g  is rn tu rnad  i n  1.. 

Typica l  Usage of IE!k-360 Version:  

I< t h e  number of hours is z e r o ,  only 

If bo th  the  number cf hours and minutes 

I f  a l l  t h r e e  are ze ro ,  

The number of #$-byte words necessa ry  

DIXENSI'$h' ARRAY (10) 

CALL TIEER (-2, ARRAY) 

De 1 I = 1, 10 

LENGTH = 0 

CALL TIMER (LENGTH, ARRAY) 

1 PRINT 2 ,  I, (XF.RAY(J), J = 1, LENG'lli) 

2 FQmlAT ('TIME R E Q U I S E D  F@R THE' ,14,' TIW THRU THIS LQQP VAS ',1Or24) 

LENGTH = -1 
CALL T I E R  (LENGTH, ARRAY) 

PRINT 3 ,  (ARR&Y(I), I = 1, LENGTH) 

3 FORHAT ('T'$TAL TIFE FOR THIS CALC. WAS ',10A4) 
Cal l ed  by: M@RSE, 0UTPT 

Routines  c a l l e d :  

ICLgCK - l i b r a r y  f u n c t i c n  a t  Oak Ridge N a t i o n a l  Laboratory;  

r e t u r n s  r e a d i n g  of conputer  timer (c.P.u. t i n ? )  i n  

hundredths  of seconds.  

*The CDC-6600 and WIVAC-1103 v e r s i o n s  a r e  d e s c r i b e d  on page 4 . 4 - 5 9  
of t h i s  s e c t i c n .  
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INTBCD - l i b r a r y  subrot; t ine a t  O N ;  converts  a 4-byte in t ege r  

to an EBCDIC s t r i n g ;  a l s o  retuxns the length  of t he  

s t ring. 

INSERT - l i b r a r y  subroutine a t  ORNL; i r s e r t s  a s t r i n g  of given 

length  a t  a spec i f i ed  p2in t  i n  anotLer s t r i n g .  

Variables  required:  

L - see above. 

Variables  modified: 

A - see above. 

\ 

Subrou'tine TIMER - UNIVAC-1108 and CDC-6600 Version 

This rout ine  r e tu rns  t i m e  in microseconds. The UNIVAC-1108 vers ion  

c a l l s  a subrout ine CPUTIM which uses  a funct ion rout ine  TICKER. 

assuines t h a t  the time i s  re turned  i n  u n i t s  of microseconds. The CDC-6600 

vers ion c a l l s  CPUTIM which i n  t h i s  case uses  a funct ion rout ine  SECQND. 

Called from: INPUT1 

Subroutines ca l l ed :  CPUTIX which c a l l s  TICKER. (1108 vers ion)  o r  

CPUTIFl 

SEC6NI) (6600 vers ion)  
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4.4.4. Energy Index ing  i n  MORSE 

For most problems t h e  u s e r  does n o t  need t o  worry abou t  t h e  enrv-gy- 

indzx ing  scheme used i n  t h e  MQRSE Monte Car lo  codle. 

ponding eo tlie group boundar i e s  i n  t h e  forward group s t r u c t u r e  are inpu t  

and t h e  code t a k e s  care of  t h e  rest. 

p rope r  bookkeeping for  l a b e l i n g .  

user r o u t i n e s ,  some c l a r i E i c a t i o n  of t h e  index ing  s c h e m e  f o r  s e v e r a l  

t ypes  of  problems is advantageous.  

be made through t h e  u s e  of examples. 

gama-ray problem w i t h  the  fo l lowing  d e s c r i p t i o n :  

The e n e r g i e s  c o r r e s -  

The a n a l y s i s  package performs t h e  

However, i n  u s i n g  t h e  e n e r g i e s  i n  o t h e r  

This c l a r i f i c a t i o n  can pe rhaps  b e s t  

Consider  a frw-group coupled neutron-  

Croup Energy (et') w i t h  NMGP -= 3., " G  = 5 

1 15(+5) NCPQTN a= 3 ,  NGPQTC = 2 

2 S(4 -6 )  

3 1(+6) 
I:B@TN 3 ( + 3 )  

4 10(+6) 

5 2 (+6) 

E B ~ T C  4 (+SI 

There are s e v e r a l  o p t i o n s  which might be considered;  namely (1) a 

forward coupled problem, (2)  a forward neutron-only problem, ( 3 )  a 

icrward gamma-ray-only problem, (4)  a n  a d j o i n t  coupled problem, (5) an 

ad jo i r i t  neutron-only problem, and (6) a n  a d j o i n t  gamma-ray-only problem. 

Table  4 . 1 3  g i v e s  t h e  z n e r g i e s  as  they  ar? indexe6 du r ing  a M0RSE rm. 

Table  4 . 1 4  g i v e s  t h e  v a l u e s  of v a r i a b l e s  NQTl, NQTZ:, and NQT3 a s  they 

appear  i n  USER common f o r  the same sis prgblems. 



Tab le  4.13. Numerical Examples f o r  Various Options Corresponding Energ ie s  for Each Case 

Group N + Y  N Y I! + y N Y 
1:idex Forward F o r w r d  Forward . Adjo in t  Ad j o i n t  A d j o i n t  

1 15(+6) 1 5  ( + 6 )  lO(f6) 2 (+6) 1.. 0 (+6) 2 (+6) 

2 5 (+6) 5 (+6) 2 (+6) 1 0  (+6) 5 (+6) 1 0  (+6) 

- 

3 

4 

5 
EBQTN 

EB0TG 

NNGP 

h?lTG 

NGPQTN* 

NGPQTG* 

NGPQTl 

NGPQT2 

NGPQT 3 

3 (+3) 

4(+5)  

3 

5 

3 2 t  

2 1  

3 2  

3 3  

5 4  

3(+3) 

3 

3 

3 2  

0 0  

3 2  

3 3  

3 2  

3 (+3) 

4 (+5) 
3 

5 
3 2  

2 1  

2 2  

2 3  

5 5  

-- 
4 (+5) 

2 

2 

0 0  
Z ?  
2 2  

0 1  

2 2  

*Note: A v a l u e  of NGPQTN = 0 s i g n a l s  a gamma-ray-only problem i n  t h e  random walk 
module. 
s e c t i o n  module and  NGPQTG = 0 i n d i c a t e s  a neutron-only problem i n  MPRSE. 

A v a l u e  of NGP = 0 s i g n a l s  n gamma-ray-only problem i n  t h e  c r o s s -  

+Values o r e  glven f o r  two case:; w i t h  d i f f e r e n t  v a l u e s  of NGPQTK and XGPQli ; .  
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T a b l e  4.14. Values of NGPQTl, NGPQT2, and NGPQT3 for S e v e r a l  Cases 

~ 

Cases KGPQTl= NGPQT2= NGPQT3= 

Forward -- 
Combined 

N Only 

Y only 

NGPQTN 

NGPQTN 

NGPQTG 

NMGP 

.WGP 

NMGP* 

NMCP i- NZPQTG 

KGPQTN = EGPQT1 

NGPQTG = NGPQTl 

Adjoint 

Combined M T G  - h?KP NMTG - NGFQTN R I T G  

N Only R l T G  - MGP NMTC - KST'QTN I W G  

Y only  NXTG - micr* NPlTG - NGi'QTC. WTC 

*NMGP is  0 here,  but was > 0 oil INPUT. 
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4.5. MlrLTICROW CROSS-SECTION MODULE 

4.5.1. I n t r o d u c t i o n  

The f u n c t i o n  of  t h i s  module i n  t h e  mul t ig roup  Monte Car lo  code is 

to r e a d  AtJISN-type* c r o s s  s e c t i o n s  For media lor e lements ,  mix several 

elements  t o g e t h e r  t o  o b t a i n  tcedia cross s e c t i o n s ,  determine group-tcr- 

group t r a n s f e r  p r o b a b i l i t i e s  and determine t h e  p r o b a b i l i t i e s  and a n g l e s  

of  s c a t t e r i n g  f o r  each group-to-group t r a n s f e r .  A l l  v a r i a b l e s  are f l e x -  

i b l y  dimensioned and a r e  p a r t  of b l ank  common. 

Various types  of  crcss s e c t i o n s  can be processed by t h e  c r o s s - s e c t i o n  

module. Neutron c d y ,  gamma ray  o n l y ,  n e u t r o n  gamma-rzy coupled, or gamma 

r a y s  from coupled neu t ron  gamma-ray c r o s s  s e c t i o n s  can be processed f 3 r  

e i t h e r  a forirard or an a d j o i n t  problem w i t h  o r  without  f i s s i o n .  The 

Legendre c o e f f i c i e n t s  are s t o r e d  i f  a next-event  e s t i m a t o r  i s  t o  be used. 

The c r o s s  s e c t l r n s  a r e  read f o r  one c o e f f i c i e n t  and one clement i n t o  

a b u f f e r  a r e a .  Thc-n t h e s c  c r n w  s e r t i o n s  a r e  deconposed i n t o  t o t a l ,  

f i s s i o n ,  and downscat ter  ma t r ix  and s t o r e d  i n  temporary a r r a y s  so t h a t  

they m y  be  mi:vd t o  form media c r o s s  s e c t i o n s .  The :uta1 and f i s s i o n  

Cross  s e c t i o n s  a r e  s t o r e d  only once f o r  an elemen:, S r ; t  t h e  downscat ter  

m a t r i x  is s t r r e d  f o r  each c d e f f i c i e n t .  The c r o s s  s e c t i o n s  a r e  t rar i tpcsed 

as s t o r e d  i f  an a d j o i n t  Droblem is b e i n s  s o l v e d .  

A f t e r  a l l  c r o s s  s e c t i o n s  a r e  s t o r e d ,  t h e  c o n t r i b d t i o n  of each clcment 

t o  t h e  c r o s s  s e c t i o n  f o r  t h e  media is  determined.  i i lso a t  t h i s  time t h e  

sum of the downsca t t e r  v e c t o r  f c r  each group is determined f o r  the f u t u r e  

c a l c u l a t i o n  of t h e  nonabsorpt ion p r o b a b i l i t y :  t h e  gamma-praduction c r o s s  

s e c t i o n  is  a l so  determined by s u m i n g  t h e  t r a n s f e r s  t o  t h e  g a m a  groups.  

A f t e r  t h e  c r o s s  s e c t i o n s  f o r  t h e  medium have been determined,  t h e  non- 

a b s o r p t i o n  p r o b a b i l i t y ,  f i s s i o n  p robab i l i t : y ,  and gamma-production prob- 

a b i l i t i e s  are formed by d i v i d i n g  by t h e  t o t a l  Crc-ss s e c t i o n .  'fie down- 

s2a:ter m a t r i x  is conve r t ed  to a P r o b a b i l i t y  t a b l e  by d i v i d i n g  by t h e  

s c a t t e r i n g  c r o s s  s e c t i o n .  

The Legendre c o e f f i c i e n t s  f o r  each group-to-group t r a n s f e r  are con- 

v e r t e d  t o a n g l e s  and p r o b a b i l i t i e s  of  s c a t t e r i n g  a t  t hose  a n g l e s  by t h e  

u s e  of a g e n e r a l i z e d  Gaussian q u a d r a t u r e  u s i n g  the  a n g u l a r  d i s t r i b u t i o n  



where 

f ( v )  is any polynomial of o r d e r  2n-1 or less, 

w(p) is t h e  angu la r  d i s t r i b u t i o n  € o r  v ,  t h e  c o s i n e  of t h e  s c a t t e r i n g  

a n g l e ,  

l~ is  a set of d i s c r e t e  c o s i n e s ,  

wi i s  t h e  p r o b a b i i i t y  of t h e  co r re spond ing  c o s i n e .  
i 

Thus,  a s e t  of p 's and w ' s  t h a t  s a t i s f y  t h e  equat icm mcst be found. 70 

do t h i s ,  a s e t  of polynomials ,  Q which is o r t h o g o n a l  w i th  r e s p e c t  t o  

t h e  a n g u l a r  d i s t r i b u t i o n ,  is  d e f i n e d  sLch t h a t  

i i 

i' 

+1 

where N .  is a n o r m a l i z a t i o n  c o n s t a n t .  
1 

The moments of t h e  angu la r  d i s t r i b u t i c i i  Mi, i=l, 2n-1. de t e rmine  

The d e s i r e d  c o s i n e s ,  pi, are t h e  o r t h o g o n a l  pol!*nomials, Qi, i=l, n. 

g iven  by t h e  r o o t s  of Qn, 

and the cor re spond ing  p r o b a b i l i t i e s  are 

I n  t h i  p rocess  of d e r i v i n g  t h e  o r t h o g o n a l  p o l y n m i a l s ,  some restric- 

t i o n s  on t h e  moments of t h e  angu la r  d i s t r i b u t i o n  are ob ta ined .  

r e s t r i c t i o n s  arise i f  b o t h  t h e  o r i g i n a l  d i s t r i b u t i o n  and t h e  d e r i v e d  p o i n t  

d i s t r i b u t i o n  are t o  b e  evei-yvhere non-negative.  The r e s t r i c t i o n s  are: 

These 

1) Ni > 0 f o r  i=l, n. 
T h i s  r e s t r i c t i o n  may L e  w r i t t r n  i n  terms of the de te rminan t  

of t h e  moments: 
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1 M1 3 . . . Mi 

I 

2) The r o o t s  of Qi(p) must a l l  l i e  i n  t h e  i n t e r v a l  

-1 5 pi 5 1. 

It must be  emphasized t h a t  t h e  r e s t r i c t i o n  a r i s i n g  from the  o r i g i n a l  

d i s t r i b u t i o n  b e i n g  e v e q w h e r e  p o s i t i v e  ( o r  zero)  doles riot r e s t r i c t  the  

t r u n c a t e d  expansion of  the d i s t r i h u t i o n  t o  be everywhere p c s i t i v e .  Ttiat 

is, moments from a t r u n c a t e d  d i s t r i b u t i o n  t h a t  i s  n o t  n e c e s s a r i l y  every- 

where p o s i t i v e  are used t o  d e r i v e  a d i s c r e t e  d i s t ~ i h u t i o n  wi th  p o s i t i v e  

p r o b a b i l i t i e s .  

Other  c h a r a c t e r i s t i c s  of t h i s  r s p r e s e n c s t i o n  are t h a t  t h e  infor-4-  

t i o n  is compact, t h e  a n g l e s  a r e  c l u s t e r e d  where t h e  a n g u l a r  d i s t r i b u t i o n  

i s  peaked, and because of t h e  r e s t r i c t i o n s ,  c r o s s  s e c t i o n s  t h a t  have 

b l u n d e r s  i n  them a r e  r e j e c t e d  because they  produce .angles o u t s i d e  the  

r ange  of -1 t o  +l. 

An o p t i o n  on i n p u t  makes i t  p o s s i b l e  t o  write a t ape  c o n t a i n l n g  

t h e  processed c r o s s  s e c t i o n s  and a l l  v a r i a b l e s  from Common LQCSIG needed 

'during t h e  random w a l k  process .  In s t a r t i n g  a new case, t h e  normal 

c ros s - sec t ion  i n p u t ,  excep t  for t h e  c r o s s  sections and the mixing ca rds ,  

is r e q u i r e d .  Both t h e  in fo rma t ion  from i n p u t  and from t ape  a r e  p r i n t e d  

f o r  c o m p a t i b i l i t y  checks. Note t h a t  i f  an a d j o i n t  problem i s  b e i n g  

so lved ,  tho i n p u t  infor inat ion and t h e  i n f o r m t i o n  for t a p e  w i l l  not be 

i d e n t i c a l .  

One o f  t h e  more impor t an t  o p t i o n s  provided f o r  i n  t h i s  package is 

the  a b i l i t y  to t reat  u p s c a t t e r i n g .  Thus, rcul t igroup c r o s s  s e c t i o n s  wi th  

many t h e r n a l  groups may be u t i l i z e d .  

d u c t i o n  may b e  t r e a t e d  as an u p s c a t t e r  p rocess  from a gamma-ray group t o  

a neutzon group.) A l s o ,  t h e  c a p a b i l i t y  of us ing  cross s e c t i o n s  wi th  

p a r t i a l  downscat ter  is p r e s e p t .  

( I n  a c rude  way photoneetron pro- 

, , 
I .  
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The d a r n s c a t t e r  a r r a y  made i t  p o s s i b l e  to  have a f e a t u r e  t h a t  is  

h e l p f u l  i n  r educ ing  c ross - sec t ion  s t o r a g e  r equ i r emen t s  for n e u t r o n  prob- 

l e m s  i n v o l v i n g  materials o t h e r  t h a n  hydrogen when a c r o s s - s e c t i o n  t a p e  is 

used. 

t o  the rma l  energy,  so a r o u t i n e  w a s  added t o  s e a r c h  t h e  a r r a y  to d e t e r -  

mine t h e  minimum downscat tered ene rgy  group for any e:lement and f o r  each  

gro’ip. The z e r o  c r o s s  s e c t i o n s  f o r  downsca t t e r s  below t h i s  ene rgy  group 

are n o t  s t o r e d ,  and thus  t h e  s t o r a g e  r equ i r emen t s  are reduced.  

For non-hydrogeneous media t h e r e  is v e r y  seldoin complete  downsca t t e r  

Another impor t an t  f e a t u r e  of t h i s  nodu le  is t h e  a b i l . i t y  to  u s e  a 

p o i n t  c r o s s - s e c t i o n  r e p r e s e n t a t i o n  f o r  t h e  t o t a l ,  s c a t t e r i n g ,  and f i s s i o r ,  

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

d a r i e s )  format  t a p e  (CQDE7) may b e  used o v e r  a s p e c i f i e d  ene rgy  range.  

(Th i s  r e p o r t  d e s c r i b e s  t h e  r o u t i n e s  t o  be used w i t h  a n  Q6R t ape . )  The 

ene rgy  of a p a r t i c l e  i s  chosen uniformly w i t h i n  an  energy group f o r  t h e  

purpose of s e l e c t i n g  t h e  p a r t i c L e  t r a c k  l e n g t h s  o r  c a l c u l a t i n g  a non- 

a b s o r p t i o n  p r o b a b i l i t y .  For gamma r a y s  or f o r  n e u t r e n  energ’es o u t s i d e  

t h e  s p e c i f i e d  r ange ,  t h e  t o t a l  c r o s s  s e c t i o n  from t h e  mul t ig roup  c r o s s  

sect  ons  is used. ( P o i n t ,  t o t a l ,  and s c a c t e r i n g  c r o s s  s e c t i o n s  f o r  t h e  

a d j o i n t  case can a l s o  be used.)  For some a p p l i c a t i o n s ,  d e t a i l r d  non- 

a b s o r p t i o n  p r o b a b i l i t i e s  and f i s s i o n  p r o b a b i l i t i e s  may a1 5 0  be r e q d i r e d .  

The h g i c  was i nc luded  i n  t h e  new module f o r  t h e  c r o s s - s e c t i o n  manipula- 

t i o n  r e q u i r e d  f o r  t h e  use  of t h e  p o i n t  c r o s s  s e c t i o n s .  L‘ip t o  1 6  p o i n t  

c r o s s - s e c t i o n  media w i t h  up t o  100 supe rg roups  are alllowed. 

6 E i t h e r  a n  85R or a n  86R7’8 ( v a r i a b l e  supe rg roap  boun- 

One major change in phi losophy h a s  been made for  :he case ia  w h i c h  

p o i n t  c r o s s  s e c t i o n s  are used. The modular framework o f  l@RSE i s  broken 

i n  t h i s  c a s e  i n  t h a t  Subrou t ine  GTSCT u s e s  t h e  e n e r g i e s  co r re spond ing  t o  

t h e  mul t ig roup  boundar i e s  i n  c z d e r  t o  set  up an  ar:ay o f  i n d i c e s -  I t  is 

assumed by GTSCT t h a t  t h e  e n e r g i e s  e x i s t  i n  t h e  f i r s t  NTG c e l l s  o f  Blank 

Common. 

F igu re  4.4 shows t h e  h i e r a r c h y  o f  t h e  s u b r o u t i n e s  i n  t h e  c r o s s - s e c t i o n  

module. Tab le  4.15 g i v e s  t h o  d e f i n i t i o n s  of t h e  v a r i a b l e s  i n  Comon L@CZTG 

wnich contain:; a l l  t h e  v a r i a b l e s  used t o  l o c a t e  cross s e c t i o n s .  The loca- 

t i o n  of permanent c r o s s - s e c t i o n  in fo rma t ion  i n  Blank Common is p r e s e n t e d  

i n  T a b l e  4.16. Table  4.17 c o n t a i n s  t h e  d e f i n i t i o n s  of v a r i a b l e s  i n  Common 
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G S C l ,  a common conta in ing  information about t he  po jn t  cross-sect ion 

da ta .  Other d e t a i l s  of t h e  c ross -sec t ion  module a r e  13iven wi th  the  des- 

c r i p t i o n  of t h e  var ious  subrout ines .  A more d e t a i l e d  desc r ip t ion  of the  

theory f o r  the  general ized Gaussian quadrature  is :given i n  Sec t ion  4.11. 
9 

An execut ive  program XCHEKR may b e  used i n  conjunct ion wi th  t h i s  

cross-sect ion module independent of M0RSE f o r  t he  -purlpose of checking and 

e d i t i n g  multigroup c ross  sec t ions .  

used t o  genera te  a processed cross-sect ion car e in'dependent of a N k 3 E  

ca lcu la t ion .  

4 . 5 . 2  

Also, t h i s  execut ive  program may be 

Blank Comon Cross Sect ion  Storage Requirement:? 

To ta l  permanent s to rage  is Z S T G  + NMED*ISP@RG + 3 * W X  + IX + LEG + XPT,  

where 

NTG = NCP + NGG 

I S P Q R G  = 5*NTG + N G P ( 1  + NGG) + (2*NSCT i 1)NDSNCP + (2*NSCT + 1)NDSNGG 

I X  = NELEM*NC@EF i f  IXTAPE > 0 
= 0 otherwise,  and 

L E G  = (NDSNGP + NIISNGG) *NMED*(NC@EF-l) i f  ISTAT > 0 

= 0 otherwise.  

NDSNGP = determined by code i f  IXTAPE 5 0 but  less than o r  equal  co 

JNDS + NUS + l . ) ( N D S  + NUS) 
2 

NDSNGG = determined by code i f  I X T A P E  > 0 but  less than o r  equal t o  

(NDSG + NUS t l ) ( N D S S  3. NUS) 
9 
L 

NMED 
N P T  - (IGQPT + l)*NMED + NPT(L)*(NEGPS -. l)>?NXPX i f  I q 6 R T  0 

L=l 

= 0 otherwise.  

Temporary s torage ,  which is  s torage  used only dur ing  the  mixing, is 

i n  add i t ion  t o  the  above. 

NELEM*(NTG*(NTS+Z) + (NCaEF-1)  *(NDSNG? + NDSNGG)) 

The w u n t  of temporary st.orage i s  

where 

NTS = NDS + NDSG + NUS 

NDSNGP and NDSNGG a re  as def ined above. 

Because some overlapping of permanent and temporary s torage  is  allowed 

when the  s i z e  of blank C O ~ ~ O L  is less than the surn of the two a reas ,  the 

t o t a l  s torage  used w i l l  usua l ly  bt less than the :;Urn,, 



Routines Called During Problem Initialization 

XSEC 

ALBIN - 
XSCHLP - RESTOR - 

XSTAPE 

GTSCT 

JNPUT - 
XSCHLP 

XSCHLP - RE.4DSG 
FFREAD 

I 

STORE -- 
LEGENi3 - 
ANGLES 

1- XSCHLP 

GETMUS 

1 Q - FIND 

Q 

Routines Called During Random Walk 

1 
FISGEN* - GTMED 
7 
GAMGEN* - CTMED 

NSIGTA - CTMED 
GTIOUT - COLISN - CRlED 
XSCHLP - PTHETA - GnID 

- 
--I 

7 

1 

w 
I 

*FISGEN and GAMGEN are also called 
during MORSE problem initialization. cn 

Fig. 4.4. Hierarchy of Subroutines i n  the MORSEC Module 
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Table 4.15. Def in i t i ons  of Var iab les  i n  Comon L,&SIG 
- -- 

Variab ie  Def in i t i on  

ISTART 

ISCC& 

INABgG 

IGABQG 

IFPgRG 

IFNGP 

IFSPOG 

IDSG@G 

IPRBXG 

IPRBGG 

ISCANG 

ISCAGG 

ISPfbRG 

s t a r t i n g  loca t ion  f o r  t he  t o t a l  czoss-section vec tor  f o r  t he  
first medium 

s t a r t i n g  l o c a t i o n  foz t he  s c a t t e r i n g  cross-sec!ti:z vec tor  f o r  
t he  f i r s t  medium 

s t a r t i ng  loca t ion  i o r  t he  non-abs3rpticn vec to r  f o r  t he  f i rs t  
medium 

s t a r t i n g  l o c s t i o n  f o r  the  
f i r s t  medium 

s t a r t i n g  loca t ion  f o r  vCf 
t o r  f o r  t he  f i r s t  medium 

gamma-ray product ion vector  f o r  t h e  

the  f i s s i o n  neutron prcduct ion vec- 

s t a r t i n g  loca t ion  f o r  t he  primary-seconJar:y tiranfer p r o b a b i l i t y  
maLrix 

s t a r t i n g  loca t ion  of t he  pr i rcary  downscatter p robab i l i t y  mat r ix  

s t a r t j r ‘g  loca t ion  of t he  secondary dmnsca  tte:c p robab i l i t y  
mat r ix  

s t a r t i n g  loca t ion  of  the primary sca t t e r in ,g  angle  p r o b a b i l i t y  
mat r ix  

s t a r t i n g  loce t ion  of the  secondary s c a t t e r i n g  angle probaSi l icg  
ma t r ix  

s t a r t i n g  loca t ion  of the  primzry sczt:eting angle  mat r ix  

s t a rF ing  location of the  secondary s c a t t e r i n g  angle  m a t r i x  

s i z e  of s torage  needed f o r  each medium, n o t  including Legendre 
s o e f f  i c i m t s  



Tab le  4.15 (Cont'd.) 

4.5-8 

- 
V a r i a b l e  D e f i n i t i o n  

---- 
ISPflRT* 

INPBUF 

I S I G ~ ~ G  

INFPW 

IABSSC 

IT@TSS* 

NGP 

MIS 

NGG 

NDSG 

INGP 

INDS 

NMED 

NELLY 

NMIX 

NZgEF 

s t a r t i n g  l o c a t i o n  f o r  tem2orary s t o r a g e  of downsca t t e r  m a t r i x  

s t a r t i n g  l o c a t i o n  f o r  temporary s t o r a g e  of t h e  Po t a b l e  

s t a r t i n g  l o c a t i o n  f o r  temporary s t o r a g e  of t o t a l  c r o s s  s e c t i c n  
fur element  1 

i a r t i n g  l o c a t i o n  f o r  temporary s t o r q g e  of vZf f o r  e lement  1 

s t a r t i n g  l o c a t i o n  f o r  temporary s t o r a g e  o f  downrca+ter  mati  ir 
for P c o e f f i c i e n t s  (pr imary g roups ,  elercent 1) 

t o t a l  s t o r a g e  r e q u i r e d  f o r  timpor.sry s t o r a g e  

t h e  number of pr imary groups t o  b e  treated 

n m b e r  of d c w n s c a t t e r s  f o r  NGP ( u s u a l l y  e q u a l  t o  KGP) 

number of secondary groups t o  be t r e a t e d  

n m b e r  of downsca t t e r s  f o r  NGG (u:;ually e q u a l  t o  XX) 

number of groups f o r  which c r o s s  s e c t t o n s  are t o  be i n p u t  

nurrber of downsca t t e r s  f o r  t h e  I N ! X  groups 

number of media f o r  which c r o s s  s e c t i o n s  arc LO be s t o r e d  - 
shou ld  be same as  MEDIA as  r e a d  07- Cdrd B of M0RSE i n p u t  

number of e l emen t s  f o r  which c r o s s  s e c t i o n s  are t o  b e  read 

number of e lemenss times d e n s i t y  o p e r a t i c n s  t o  b e  performed 

number of c o e f f i c i e n t s ,  i n c l u d i n g  P 

L 

r_ 

*If Legendre c o e f f i c i e n t s  are t o  b e  r e s t o r e d ,  then: 

INFP0G - r e d e f i x d  by JNPUT as  number of l o c a t i o n s  r e q u i r e d  f o r  each 
c o e f f i c i e n t  (both pr imary and secondary)  

XTgTSG - r e d e f i n e d  by JNPUT as  t o t a l  s t o r a g e  r e q u i r e d  for  a l l  c o e f f i -  
c i e n t s  f o r  each medium 

ISPORT - r e d e f i n e d  by JNPUT as s t a r t i n g  l o c a t i o n  of P1 C o e f f i c i e n t  
f o r  pr imary groups f o r  medium It 
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--- -- 
Table 4.15 (Cont'd.) 

V a r i a b l e  - D e f i n i t i o n  -- 
NSCT 

NTS 

NIG 

NDSNGP 

NDSNGG 

IADJ 

NME 

LQC 

XNGS 

INS< 

11, TO 

KKK 

IXTAPZ 

IDCL 

ITEML 

ITEMG 

number of d i s c r e t e  a n g l e s  ( u s u a l l y  NC@EF/ZIntegral ) (-0 f o r  Po) 

number of downsca t t e r s  f o r  combined p r i n a r y  and secondary 
groups ( u s u a l l y  e q u a l  t o  NTG) 

t o t a l  number of groups (primary + secondary)  = NGP + NGG 

t h e  number of l o c a t i o n s  needed f o r  t h e  downscat ter  m a t r i x  f o r  
t h e  primary p a r t i c l e  

t h e  n m b e r  of l o c a t i o n s  needed f o r  t h e  downscat ter  m a t r i x  f o r  
the secondary p a r t i c l e s  

same as XADJM 

i n d i c a t o r  f o r  s t r i p p i n g  g a m a  r a y s  from a coupled neutron 
gamma-ray c r o s s - s e c t i o n  se t  - set equal t o  nunbet of n e u t r o n s  
groups f 1 

same as LBCEPR 

s t a r c i n g  l o c a t i o n  o f  t h e  i n d i c e s  f o r  s t a r t i n g  l o c a t i o n  of t h e  
downscat ter  v e c t c r  f o r  each group f o r  primary p a r t i c l e s  

s t a r t i n g  l o c a t i o n  of t h e  i n d i c e s  f o r  s t a r t i n g  l o c a t i o n  of  t h e  
downscat ter  v e c t o r  f o r  each group f o t  secondary pa r t ; . r l e s  

i n p u t  and o u t p u t  l o g i c a l  u n i t  numbers 

a running index of t h e  number c f  cross s e c t i o n s  t h a t  have 
a l r e a d y  been r ead  i n  (used in checking the element numbers 
o b t a i n e d  from tape) 

l o g i c a l  t;pe number of  t h e  mu1l:igroup c r o s s - s e c t i o n  t ape  i f  
> 0, o r  l o g i c a l  t a p e  number of t h e  processed c r o s s - s e c t i o n  
t a p e  i f  < 0 

s t a r t i n g  l o c a t i o n  f o r  element i d e n t i f i e r s  which determine t h e  
element c r o s s  s e c t i o n s  t o  be r e a d  from t a p e  

amouct of s t o r a g e  f o r  primary and secondary group downsca t t e r s  
p e r  element 

s t a r t i n g  l o c a t i o n  f o r  temporary s t o r a g e  of downscat ter  m a t r i x  
f o r  PL c o e f f i c i e n t s  (secondary groups)  f o r  element 1 
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Table 4.15 (Cont'd.) - 
V a r i a b l e  D e f i n i t i o n  

IRSG s t a r t i n g  l o c a t i o n  of t h e  mixing parameters; 
- 

IRDSG 

I STR 

IPRIN 

IFW 

IM0M 

IDTF 

I STAT 

IPUN 

MIS 

NGN 

IHT 

s w i t c h  to p r i n t  t h e  c r o s s  s e s t i o x  and t-o t e s t  t h e  c a r d  sequence 
as they  are r e a d  i f  > 0 (test c a r d  sequenc:e only i f  = 0, and 
does n e i t h e r  i f  .C 0 )  

swi t ch  t o  p r i n t  cri)ss s e c t i o n s  as they  are s t o r e d  i f  > 0 

s w i t c h  t o  p r i n t  a n g l e s  and p r o b a b i l i t i e s  i f  > 0 

s w i t c h  t o  p r i n t  i n t e r m e d i a t e  r e s u l t s  of p ' s  c a l c u l a t i o n  i f  > 0 

swi t ch  t o  p r i n t  moments of  angu la r  d i s t r i b u t i o n  i f  > 0 

swi t ch  t o  s i g n a l  t h a t  i n p u t  f,irmat is  DTF-IV format if > 0; 
o the rwise ,  ANISN f o r u a t  is assumed 

f l a g  t o  r e s t o r e  Legendre c o e f f i c i e n t s  f o r  n e x t - f l i g h t  e s t i m t e s  
i f  > 0 

swi t ch  t o  p r i n t  r e s u l t s  o f  b.4 Legendre c o e f f i c i e n t s  i f  3 

number of groups of u p s c a t t e r  

n o t  used p r e s e n t l y  

l o c a t i o n  of C i n  :he c r o s s - s e c t i o n  tab:Le, c u r r e n t l y  set  t o  
3 i n  XSEC T 

INUS s t a r t i n g  l o c a t i o n  for  t h e  u p s c a t t e r i n g  v e c t o r  f o r  t h e  f i r s t  
medium 

INUSN numbcr of impossible  f i r s t  moments  found i n  t h e  cross s e c t i o n s  

I N G N  s t a r t i n g  l o c a t i o n  f o r  t h e  photoneutron p roduc t ion  v e c t o r  f o r  
t h e  f i r s t  medium (not used a t  p r e s e n t  - same as I R I S )  

INGNP s t a r t i n g  l o c a t i o n  f o r  the secondary-primary t r a n s f e r  prob- 
a b i l i t y  ma t r ix  ( n o t  used a t  p r e s e n t  - salme as  IhTJS) 

INliN s t a r t i n g  l o c a t i o n  f o r  t h e  a r r a y  of t h e  number of downscat ter  
groups f o r  each primary group 

I G G G  s t a r t i n g  l o c a t i o n  f o r  t h e  a r r a y  of t h e  number of downscat ter  
groups f o r  each secondary group 
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Table 4.16. Loca t ion  of Permanent Cross Sections i n  Blank Commcn 
- - 

In fo rma t ion  S i z e  b c a t i o n t  

IRSG = NLAST L i s t  of Mixing 3*NMIX 

INGS 

__. 

Tab l e  - 
Index  t o  NGP 
C (Primary) 

Index  t o  NGG 
C (Secondary) 

L i s t  o f  Eleuient NELEM*NC@EF 
I . D .  Numbers i f  IXTAPE > 0 

Number of Down- 
scatters for each NGP 
pr imary group 

Number of Down- 
s c a t t e r s  f o r  each NGG 
secondary group 

INSG 

IDEL 

IN" 

- IGGG 

. ,  

ISTART 

ISCC@G 

INXB0G 

IGAB~~G 

IFP(8RG 

INUS 

INGN 

- 
NTG 

NTG 

CS/CT NTG 

NGP 

V Z f /  CT NTG 

hTG 

Not used NGG 
a t  p r e s e n t  

I T  

C S  

Z,'c, 
_e_- 

- 

I H G N P  
Not used 
a t  p r e s e n t  

IFNGP 

IFSP@G 

IDSG@G 

t L o c a t i o n s  are f o r  index of zero. 

NGG*NGP 

NGPkNGG 

hVSNGP 

NDSNGG 
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Table 6.16 (Cont'd.) 

Locat  i on?  In fo rma t ion  S i z e  

1 - 
-_II 

IPX3NG 

IPRBGG 

ISCANG 

ISCAGG 

ISPgRG 
+ ISTART 

I f  ISTAT 1 0 
ISPBRT 

N'AST o r  N N I C  
"IC 

NXSECT (1) 

PN 
g'-% ., 

P V  
g'+g 

N 

~~ ~ ~ 

Repeat f o r  n e x t  
medium 

P1 C o e f f i c i e n t  

Primary 

P C o e f f i c i e n t  

Secondary 

Repeat f o r  PL 

Coef f icierit 

- 

1 

NI)SNGP*NSCT 

Nl)SNGG*NSCT 

NI)SNGP*NSCT 

NIISNGG*NSCT 

ISPgRG 

NBSNGP 

N l X N G G  

Repeat f o r  n e x t  
medium 

Index to  p o i n t  c r o s s  
s e c t i o n s  f o r  each 
mul t ig roup  boundary 

P o i n t  c r o s s  t o t a l  
s e c t f o n s  f o r  
Medium 1 s c a t t e r i n g  

(IGQPT+l) *NME3 i f  
1@6RT > 0; o t h e r w i s e  
z e r o  

NPT (1) * (NI:GPS-1) *NXPM 

hYSECT (J) 
P o i n t  c r o s s  t o t a l  
s e c t i o n s  f o r  
Medium J s c a t t e r i n g  

NLAST 

+Loca t ions  are f o r  i ndex  o f  ze ro .  
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Table 4.17. D e f i n i t i o n s  of V a r i a b l e s  i n  Common GTSCl 

V a r i a b l e  D e f i n i t i o n  

NPT (16) 

NXSECT(17) 

NDSGY 

11, IO 

I86RT 

IGQPT 

NEGPS 

ESPD(iO0) 

"IC 

NXPM 

N I N C  

Number of  p o i n t s  p e r  supergroup for  each medium. 
16 mel ln  a r e  allowed.) Redefined a t  end of  GTSCT as t h e  
to ta l  S t o r a g e  r e q u i r e d  f o r  each c r o s s  s e c t i o n  f o r  each 
rned ium . 

(Only 

S t a r t i n g  l o c a t i o n  of  p o i n t  c r o s s  s e c t i o n s  f o r  each medium. 

Total s t o r a g e  r e q u i r e d  p e r  supergroup f o r  a l l  media. 

I n p u t  and o u t p u t  l o g i c a l  u n i t  numbers. 

L o g i c a l  t ape  n u d e r  cf @6R p o i n t  c r o s s - s e c t i o n  t a p e .  

L a s t  FI@i?SE n u l t i g r o u p  fo r  which point c r o s s  s e c t i o n s  w i l l  
be used < 2 NMGP) 

Nuqber of supergroup boundaries .  

Energy boundar i e s  ( i n  eV) of  t h e  supergroups (only 100 
supergroups a r e  allowec') . 
S t a r t i n g  l o c a t i o n  of t h e  p o i n t  c r o s s  s e c t i o n s .  

Number of cross  s e c t i o n s  p e r  medium 
= 1, if t o t a l  o n l y  
= 2, i f  t o t a l  + s c a t t e r i n g  
= 3, i f  t o t a l ,  s c a t t e r i n g ,  and u * f i s s i o n  

Index f o r  l o c a t i n g  p o i n t  c r o s s  s e c t i o n s .  Used as f l a g  
t n  FISGEN t o  determine i f  t r a n s p o r t  p r o c e s s  h a s  begun. 

_/.. +.,-. ....... ~ ............. . .  i 
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4 .5 .3  Subrout ines  

Subroutine ALBm 

This r o u t i n e  is c a l l e d  upon encountering an albedo s c a t t e r i n g  sur-  

f ace  and provides  the  outgoing neutron parameters f o r  the albedo co l l i s ion .  

The sample rou t ine  performs specular  r e f l e c t i o n  a t  the  albedo s c a t t e r -  

i n g  sur face .  The requirements of specular  r e f l e c t i o n  nay be w r i t t e n  a s  

I - N  = -R.N, 
and 

I x N = R x N ,  

where I is the  incoming neutron 3 i rec t io i i  vec tor ,  

R is  the  r e f l e c t e d  neutron d i r e c t i o n  vec tor ,  m d  

Y is the  outward normal t o  the su r face  ( I - N  0). 

Manipulation oi' the  above two equat ions r e s u l t s  i n  

R = I - 2(I*N)N. 

Called from: MgRSE 

Commons requi red  : NUTRQN, N01MAL 

Variables  required:  U, V, W (from common NUTRgN, see page 4.4-10) 

UNQRM, WdRM, WN0RM - components of u n i t  vector  normal t o  boundary. 

Variables  changed: u, v, w 
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S u b r o u t i n e  ANGZES ( I G 1 ,  J G 1 ,  MX) 
T h i s  i s  t h e  main e x e c u t i v e  r o u t b e  f o r  t h e  g e n e r a l i z e d  Gaussian 

q u a d r a t u r e .  F i r s t  i t  ca l l s  GETMUS which uses the  moments of t h e  a n g u l a r  

d i s t r i b u t i o n  t o  de te rmine  t h e  r e c u r r e n c e  r e l a t i o n s  which g e n e r a t e  t h e  

o r t h o g o n a l  polynomials.  

which i s  one of t h e  r equ i r emen t s  on t h e  moments. Next AKGLES calls FIND 

i n  an i t e r a t i v e  f a s h i o n  i n  o r d e r  t o  czlculate t h e  r o o t s  of t h e  o r t h o g o n a l  

polynomials .  FIND checks t h e  roots t o  de te rmine  i f  t h e  second r e s t r i c t i o n  

on t h e  moments, namely t h a t  t h e  r o o t s  must l i e  i n  t h e  i n t e r v a l  (-1, +l), 

is s a t i s f i e d .  Next ANGLES c a l c u l a t e s  t h e  weight  f a c t o r s  a s s o c i a t e d  w i t h  

each  r o o t  i n  t h e  Gaussian quadra tu re .  F i n a l l y  thle a n g l e s  and p r o b a b i l i t i e s  

which have been c a l c u l a t e d  are rea r r anged  s o  t h a t  they appea r  i n  o r d e r  o f  

d e c r e a s i n g  p r o b a b i l i t y .  I f  t h e  give13 moments do not s a t i s f y  t h e  t v o  re- 

qu i r emen t s ,  t hen  i t  is n o t  possib1.e t o  de t e rmine  as many a n g l e s  an3 w e i g h t s  

as i n i t i a l l y  r eques t ed .  However, ANGLES de te rmines  as marly as  i t  cm from 

t h e  d a t a  g i v e n .  A l l  c r o s s  s e c t i o n s  w i t h  impossib:e f i rs t  Legendre c o e f f i -  

c i e n t s  are found befvre  t e r m i n a t i o n  of t h e  problems. NOTE: I f  2 ~ + 3  

I n  so do ing  G E M S  performs t h e  check €or Ni > 0, 

moments are g iven  (and a l l  are a c c e p t a b l e ) ,  t hen  a d i s c r e t e  distribution 

w i t h  n+l  s c h t t e r i n g  a n g l e s  may be determined.  IS on ly  2n m o w n t s  are 

g i v e n ,  t hen  t h e r e  is a c e r t a i n  amount of freedom i n  choosing a 2n+I-st 

moment t o  conpletc? t h e  c a l c u l a t l o n .  I n  t h e s e  ccses ANGLES w i l l  compute 

a v a l u e  0: Q ~ + ~  (and hence of M2n+l) which is ir: t h e  middle  of t h e  Alowed 

r a n g e  f a r  P ~ , + ~  and, u s i n g  t h i s  v a l u e  c f  u ~ + ~ ,  coniple t e  t h e  c a l c u l a t i o n  

of a (nSl)-angle  d i s t r i b u t i o n .  

C a l l e d  fxom: JNPUT 

S u b r o u t i n e s  c a l l e d :  G E T W S ,  FIND, Q ,  EXIT,  BADKIM, XSCHLP 

Commons r e q u i r e d :  PEA", RESULT, M~!JMEUT, LgCSIG 
\Ta- L l a b l e s  z r e q u i r e d :  

i n d i c e s  of grour- to-zroup t r a n s f e r  b e i n g  c a l c u l a t e d .  J G 1  

NM0M - number of moments given.  

)O.l@MNT(I) = M i=l, NM$M. i' 
I M 0 M  > 0 ,  p r i n t  moments, 

< 0, do n o t  p r i n t  m o w n t s .  - 
Mx - medium number. 
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IPUN - < 0 ,  do not  p r i n t  e r r o r  messages, 

> 0 ,  p r i n t  e r r o r  messages. 

I0 - ou tpu t  u n i t  number. 

NSCT 

V a r  i ah  les c h m  g e  d : 

- number of s c a t t e r i n g  angles  expected. 

PaINT(1) = Xi = cosino, of s c a t t e r i n g  angle f o r  I=l, W+1. 

WEIGHT(1) = Wi = p r o b a b i l i t y  of s c a t t e r i n g  angle  f o r  I=l ,  NV+1.  

NM 

NV 

- numher of p values  accepted. 

- number of u2 values  accepted. 

S ign i f i can t  i n t e r n a l  var iab les :  

xMu(I) - pi 

xlu@RML(-i) - Ni 
VAR(1) - 

R@@T(T,.J) - Ith roo t  of Q,(X). 

NP = NV+1 = number of angles  i n  d i s c r e t c  a i s t r i t u t i o n .  

NACC = NXi-NV = number of mments accepted. 

Output: 

XM@MNT(I) = Mi, 1=1, NX0H. 

Ind ices  of group, number of moEents accepted'(on1y i.f r i d e ;  accepted 

i s  less than number given).  
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Subroutine BADM0M 
I n  the  event  t h a t  a moment has  been r e j ec t ed  because i t  implied 

nega t iv i ty  i n  the  angular  d i s t r i b u t i o n ,  BADM0M is c a l l e d  t o  provide a 2 

p r i n t o u t  t o  t h e  u s e r  g iv ing  the  value of the  quan t i ty  r e j ec t ed ,  vi o r  ai, 
of the  moment r e j e c t e d ,  and of t he  Legendre c o e f f i c i e ~ ~ t  whicb w a s  r e j ec t ed .  

I n  add i t ion ,  t h e  allowed limits on these q u a n t i t i e s  a r e  a l s o  p r in t ed  out .  

See mathematical desc r ip t ion  f o r  formulas used. 

Called from: ANGLES 

Subrout ines  ca l l ed :  MAMENT 

Functions used: Q 
Commons required:  

Variables  required:  

N!XENT, MEANS, QAL, LWSIG 

N 
NN 

- number of 02's accepted. 

- number of p ' s  accepted. 
2 

(NOTE: N=NN impl ies  uK+l re jec ted ;  N < NN implies  C I ~ + ~  r e j ec t ed  

MXEhT(1) - Mi 
MU(1) - Pi 

2 
Vk'R(I) - G i 
N@RM(I) - N i  

QR(1) = qi = Li/Ni-l 

A(1,K) - a i k  
(NO,=: 

Sign i f f can t  i n t e r n a l  va r i ab le s :  

I = i, but  K = k+l.) 

NM = N+NN = number of moments accepted. 

NBAD = NM+l = index of moment r e j ec t ed .  

NP1 - N + 1  

NMl - N - 1  

output :  

m 
m 
VART 

VARB 

mm 
M0MB 
FT 

FB ccr, 
i 
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Subroutine CgLISN ( I G ,  U, V, W ,  WATE, IFED, NREC) 

The subrout ine  is  c a l l e d  a t  each c o l l i s i o n  and the  iiacoming group 

number, d i r e c t i o n  cosines ,  and p a r t i c l e  weight are converted i n t o  post-  

c o l l i s i o n  parameters. 

matr ix  ( the  vec to r  corresponding t o  the  incoming group). 

ing  t h e  outgoing group, t h e  cosine of the  angle  of s c a t t e r i n g  is determined 

from the  s e t  of p r o b a b i l i t i e s  and angles f o r  t h e  palt!.cular group-to- 

group t r a n s f e r .  The outgoing d i r ec t ion  cos ines  i n  the  labora tory  coordin- 

a t e  system a r e  determined from the ificoming d i r ec t ions  and the angle  of 

The outgoing group i s  se l ec t ed  from rhe doi l l sca t te r  

Af te r  Ceternfn- 

s c a t t e r i n g  and a uniformly se l ec t ed  azimuthal angle.  

normalized t o  1 .C.  

p robab i l i t y  i n  l i e u  of absorpt ion.  

These cosines  a r e  

The p a r t i c l e ' s  weight is a l t e r e d  by the non-absorption 

As an importance sampling scheme, the  outgoing group p robab i l i t y  

d i s t r i b u t i o n  may be a l t e r e d  and se l ec t ion  of the outgoing group is  made 

from r h i s  b iased  d i s t r i b u t i o n .  I f  t h i s  opt ion is  chosen, LgCEPR > 0 ,  and 

subrout ine GTIaUT is ca l l ed .  

Called from: M0RSE 

Subroutines ca l l ed :  GTMED, CTIOUT, GTISO, AZIW ' 

Functions used: FLTRNF, SQRT ( l i b ra ry )  

Commons required:  Blank, L0CSIG 

Variables  requi red :  

I G  - the p r e c o l l i s i o n  energy group. 

u,v,w - t h e  p r e c o l l i s i o n  d i r ec t ion  cosines.  

WATE - p r e c o l l i s i o n  p a r t i c l e  weight.  

IMED - geometry medium of c o l l i s i o n .  

NREG - geometry region of c o l l i s i o n .  

(Various ind ices  from cornon LQCSIG, see page 4.5-7 .) 

Variables  changed: 

I G  - pos t -co l l i s ion  group. 

U,V,W - pos t - co l l i s ion  d i r ec t ion  cosines .  

WATE - pos t -co l l i s ion  weight. 

S ign i f i can t  i n t e r n a l  va r i ab le s :  

PNAB - non-absorption Probabi l i ty .  

I H  - group number = I G  f o r  primary p a r t i c l e ,  

= I G  - NGF' f o r  secondary p a r t i c l e .  

.... i, 



NADDPG - number of locations between s tart ing  location of 

scattering angle prcbabilit ies for primary and 

secondary particles.  
R - random number. 

IND 
NDSK 

FM 
S INETA 

CQSETA 

- location of biasing parameters for group IZ. 
- number of downscatter groups. 

- cosine of yolar angle of scattering. 

- s ine  and cosine of azimuthal angle of scattering. i 
Limitations: nimber of angles is  equal to  number of probabilities for 

each group (assumed i n  use of NADDPG) . 
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-- Subrout ine FFREAD ( I N ,  K ,  V,  NF, N5, N6, IPRTRG) 
This r o u t i n e  reads  t h e  cross s e c t i o n  d a t a  i n  e i t h e r  f i x e d  form o r  

f r e e  form.? Unless o t h e r w i s e  s p c c f f i e d ,  i t  assumes f i x e d  form. TO 

s p e c i f y  iree-form p l a c e  a c a r d  c c n t a i n i n g  a ** i n  columns 1-3 i n  f r o n t  

of t h e  d a t a  t o  b e  read.  

Although t h i s  r o u t i n e  w i l l  a c c e p t  a l l  t h e  u s u a l  o p t i o n s  (P,, 2, I ,  T, S, 
F, A, E, Q, L, N, H, U, V),  t h e  c a l l i n g  r o u t i n e  in M0RSE aillows o n l y  R 

and Z o p t i o n s  because programs such as FFPrJN14 which punch c r o s s  s e c t i o n s  

use only these  t w o  o p t i o n s .  

Cal led  from: READSG 

Variab les  requi red .  

( A  c i r c l e d  number, n ,  i n d i c a t e s  5- spaces . )  

N5, N6 
IPRTRG 

- logjcal u n i t  numbers of s tandard  I/@ tzpes.  

- s i g n a l  i n d i c a t i n g  whether o r  no t  t o  print: :he card  as 

read .  

- -: 0, do n o t  p r i n t ,  

> 0 ,  p r i n t .  

E?!, K ,  V - iflust b e  dimecsior.ed by 37 in any c a l l i n g  program. 

v3 r is= B ck, iil gc d : 

I?J(I) - t b e  l imber  of  r e p e a t s  cr zercjs in a given fie!.d, I ,  i f  

any; o therwise ,  zero.  IN(37) c o n t a i n s  t h e  card number. 

K( 1) - t h e  type  of o p e r a t i o n  t o  be performed on t h e  d a t a  i n  

f i e l d  (T); i f  r.cne, i t  i s  blank;  o therwise  may c o n t a i n  

K f o r  repeac or Z f o r  Lei;. 

V(I) - t h e  a c t u a l  numerical  va lue  i n  f i e l d  1. 

NF - t h e  number of f i e l d s  on t h e  card  (5 36). 

S i g n i f i c a n t  i n t e r n a l  v a r i a b l e s :  

NY(76) - c o n t a i n s  t h e  card  image as read from c o l s .  1-76. 

NY(77) - c o n t a i n s  t h e  card count from columns 77-80. 

I FREE - s i g n a l  i n d i c a t i n g  whether d a t a  is  i n  f i x e d  o r  f r e e  form. 

= 1, f i x e d  form ( d e f a u l t ) ,  

= 0, f r e e  form. 

t S e e  Ref. 13,  Appendix B ,  pp. 58-65. 

- -  

I 
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Subrout ine FIND (L,NF) 

This  subrout ine  determines if the  r o o t s  of QL(x), t h e  Lth o rde r  

or thogonal  polynomial, 1i.e w i th in  the  racge ( - l ,+ i ) .  I f  no t ,  a f l a g ,  

NF, i s  se t  t o  1 and the subrout ine  r e tu rns .  I f  t he  r o o t s  l i e  wi th in  t h e  

range ( - l ,+ l ) ,  then NF = 0, and the  subrout ine  proceeds t D  c a l c u l a t e  t he  

roo t s .  

l a b e l l e d  common RESULT. 

R@@T(Z,L) < . . . < R.@gT(L,L). 

Tine r o o t s ,  xk, 'x = 1, L, are s to red  i n  R@gT(K,L), K = 1, L i n  
The roots a r e  i n  inc reas ing  o rde r  R@@T(l,L) < 

FIND presuroes t h a t  t h e  r o o t s  of Q (x) have a l ready  been ca l cu la t ed  L-1 
arid s t o r e d  i n  R@flT(K,L- l ) ,  K := 1, L-1. Thus i t  is necessary t o  use FIND 

i n  a boo t s t r app ins  manner. 

s to red .  Then one s e q u e n t i a l l y  ca l l s  FIND{Z,NF) ,  FIh'D(3 ,NF) ,  e t c .  It i s  

a l s o  presumed t h a t  t he  r o o t s  of Q,-,(x) a r e  i n  the  i n t e r v a l  ( - l ,+ l ) .  

k i r s t  F&%(i , i )  i ;e$, t he  w d t  of Q1(x), i s  

FIND cses che proper ty  of or thogonal  polynomials t h a t  t h e  roo t s  of 

Q, and QL-l " inter leave".  Thus : 

1) Q 

QL(+l) > 0. 

Q, has  no roots below -1 i f  Q,(-1) d i f f e r s  i n  s i g n  from QL 

(R@@T(l,L-l)) where R$@T(l,L-l) is  the  lowest root  of < L - l ( ~ ) .  

has no r o o t s  above i -1  i f  QL-l has  no roots ,tbove +1 and 
L 

( R e s a b e r  t h a t  QL(+) > 0.) 

2) 
I., 

3) The Kth roo t  and no o t h e r  rotrt of Q l i e s  between the  K-lch L 
and *he Kth r o o t s  of QL-l. 

Once the root has  been isolated as being between XLdW = Ro@T(K-1,L-1) 

and XW = R$@T(K,L-l), i t  i s  Zourtd by a very s i m p l e  procedure. 

t e r v a l  (XL@W,XtP) is  b i s e c t e d  by XTRY = (XLgW + XUP)/2.  Then the  sub- 

i n t e r v a l  containing t h e  r o o t  is determined by t h e  f a c t  t h a t  t he  sign of 

QL must change i n  pass ing  over  t he  roo t .  

i f  s ign  [Q,(XL@W)] # s ign  [QL(XTRY)] and i t  l i es  i n  ()!TRY,XW) otherwise.  

XTRY r ep laces  t h e  appropr i a t e  l i m i t ,  XUP or XLgW, and t h e  process  is  re- 

peated.  

o r ,  i n  o t h e r  woi+, i nc reases  the  accuracy t o  which the  root  is knom by 

one b inary  b i t .  Obviously, a f t e r  as many i t e r i r t i ons  as  the  computer word 

has  b i t s ,  XTRY w i l l  be  as c lose  t o  the  r o o t  as can be  ca lcu la ted  by the  

computer . 

The in -  

Thus t he  r o o t  l i es  i n  (XI.gW,XTRY) 

Each : t e r a t i o n  reduces the  s i z e  o f  t he  boundary i n t e r v a l  by 2 ,  
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Called from: &\XLES 

Subrouthes ca l led:  Q 

Comnons required: RES!IT,;, : & G I G  

Variables rr?quired: 

L - the om&-- of the polynomial vhose roots are desired. 

M@T(K,L-i) ,  K=l.L--. ,--  the roots of Q (x) i n  iccreasing order. 

1 -  > 0 .  j r c t t -  error message. 

IPC4 
L-1 

c 0, dv ma print error message, 

QL(x) l i e  in 

Q , ( x )  do not: 

= 1, L-1. 

the interval (-1,i-1). 

l i e  in  the interval ( - l , + l ) .  

increasing order .  

NSP - n m k r  of ir:.*$:t: :GS taken i n  root-flnding procedure. 

Limitations: L 2 14. 
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Subroutine FISGEN (IC, IMED, PNUF) 

Thts subroutine looks  up the  value of vc 11 f '  T f o r  the current neutron 

energ) and geometry medium. 

Called from: INPUT2 

Subroutines called: GTMED 

Common; required: Btank, LQCSIG 

Variables  required: ISPORG, IFP0RG 
( f r o e  common LBCSIG, page 4 - 5 7  ) 

I C ,  MED 

Variables changed: PNUF 
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Subrou t ine  GAMGEX ( I G ,  IMED, PGEN, I G G )  

T h i s  s u b r o u t i n e  p rov ides  t h e  f u n c t i o n  of de t e rmin ing  t h e  energy of 

t h e  secondary p a r t i c l e  t o  be  gene ra t ed  acd its p r o b a b i l i t y  of  g e n e r a t i o n .  

For a forward n e u t r o n  gama- ray  problem, a neu t ron  O F  energy IC upon 

s u f f e r i n g  a c o l l i s i o n  i n  medium IMED may g e n e r a t e  a secondary gamma r a y  

of  energy I G G .  

energy I G  g e n e r a t e s  a n e u t r o n  of energy I G G .  

r a y  groups of  h i g h e r  energy than  t h e  lowest  gama- ray  group of  i n t e r e s t  

may be  chosen. 

C a l l e d  from: G P R d S ,  INPLITZ 

Subrou t ines  c a l l e d :  GTMED 

Func t ions  used: FLTRNF 

Commons r e q u i r e d :  Blank, LGCSIG, USER 
V a r i a b l e s  r e q u i r e d :  I S P g R G ,  IFNGP, NGG, IGABflG,  I A 3 . J  (from cor-on L Q C S I G ,  

For an a d j o i n t  gamma-ray neu t ron  problerc, a g a m a  r a y  of  

Only secondary source  g a m a -  

see pzge (4.5-7 ) . 
I G  - inccming energy group. 

IMED - medium of c o l l i s i o n  s i t e  as provided by t h e  

geometry module. 

NGPQT1,  NZPQT2,  NGPQT3, NGFQTC (from common USER, 

see puge 4.6-7 ).  

V a r i a b l e s  changed: PGEN, I G G  
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-- S u b r o u t i n e  GETMUS 
This s u b r o u t i n e  c a l c u l a t e s  t h e  q u a n t i t i e s  pi and 0: used i n  t h e  

r ecu r renc r :  r e l a t i o n  f o r  t h e  o r thogona l  po lynorda l s ,  Qi(x). 
i n p u t  t h e  moments, Mi, of t h e  d i s t r i b u t i o n  f ( x ) .  

de t e rmine  i f  0: > 0 .  

i t  uses  as 

GETMUS a l s o  checks t o  

If  n o t ,  a f l a g  is  set t o  i n d i c a t e  t h i s .  

L e t  us assume t h a t  NM@M moments are g iven  i n i t i a l l y .  Then NM0M = 
2 NM + NV where !N = NM@M/2 is t h e  number of ai q u a n t i t i e s  to be  c a l c u l a t e d  

and XM is  t h e  number of  pi q u a n t i t i e s  t o  be c a l c u l a t e d .  

NV + 1, depending on whether NM@M i s  even o r  odd. 

pi = 1, N M  and ai, i = 1, NV. 

i = 0, NM. 

O2 

cond i t io r ,  on f ( x ) ) ,  then t h e  c a l c u l a t i o n  is t e rmina ted ,  a f l a g  is set ,  

and GETMUS r e t u r n s  wi th  NV = p - L and N N  = p .  

NM = N V  o r  XX = 

GEThIUS c a l c u l a t e s  

T h i s  is  s u f f i c i e n t  to determine Q.(x) 1 f o r  
2 

I f  i t  t u r n s  o u t  t h a t  some v a l u e  of U2 i is n o t  p o s i t i v e ,  say 

0 ( t h i s  w i l l  happen when ru' < 0, a v i o l a t i o n  of t h e  "r,on-negativity" P P -  

The r e l e v a n t  e q u a t i o n s  are as follows: 

The or thcgonal  poljmornials a r e  wri t : tan  

Ni = a i k  Mi+k'  k=O 

i-1 

CJ: = Ni/Ni,l. 
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The c a l c u l a t i o n  proceeds as follows: 

S t e p  1: 

e x p l i c i t  formulas  from t h e  moments. 

S t e p  2: se t  i = 3. 

S tep  3: 

S t e p  4: c a l c u l a t e  q from Li and Ni-l. 

i n i t i a l  v a l u e s  f o r  q u a a t i t i e s  for i = 1 and 2 are set up from 

c a l c u l a t e  Li from mome~lts and c o e f f i c i e n t s  f o r  i - 1. 

i 
S t e p  5: Pi = qi - qi-l. 

i-1, k' and a i-1' S t e p  6 :  calculate a 

S t e p  7: c a l c u l a t e  Ni from morients and a ' s .  
2 - S t e p :  

S t e p  9 :  T e s t  ai. 
and set  e r r o r  f l a g .  

S t e p  10: i = i+l, r e t u r n  t o  s t e p  3. 

I f  N M 0 9  is even,  t h e  c a l c u l a t i o n  t e r m i n a t e s  a f t e r  s t e p  9 when i = NMh/2. 

I f  N I e M  i s  odd, t h e  c a l c u l a t i o n  t.?*.rr'natss a t  s t e p  5 when i = (Nbl@W1/2). 

C a l l e d  from: ANGLES 

Commons r e q u i r e d :  MOMENT, ME;csS, QAL, L0CSIC 

Var i ab le s  r e q u i r e d :  

k = 0, i from vi, o 

i , k  

i k  * 

ai = N / N i - l .  

2 2 I f  ai 5 0, t e rmina te  t h e  c a l c u l a t i o n  w i t h  n = i-1 

MflFfEN2 (k)  = M,, k = I ,  NX0M ( t y p e  r e a l ) .  

+ 0,  p r i n c  u u t  a l l  t h e  q u a n t i t i e s  c a l c u l a t e d  

by GETWS, 

2 
= 0, do n o t  p r i n t  o u t  d a t a  except  i n  case of  

e r r o r ,  (gk 2 0). 
?I a riab i e  s changed : 

NV 

NM - t h e  number of u's c d l c u l a t e d .  

MU(I) 

SIC(1)  

"$RY(I) 

- the number of 02's calculated. 

= pi, i = 1, NM ( t y p e  r e e l ) .  

= ai, i = 1, NV. 
= Ni,  i = 1, t?v ( t y p e  r e a l ) .  

2 

Also c a l c u l a t e d  and p u t  i n  l a b e l l e d  common QAL, althctugh they  are n o t  

w e d  e l s e u h e r e  i n  t h e  program, 
- Q(0 

A(I,K) = ' i ,k-l '  
L ( I )  

L i m i t a t i o n s :  NMOX 5 27. 

- qi, i = 1, NN. 
i = 1, NV; K = 1, i+l 

= Li, i = 1, N!L 

,r-- 
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----- Subroutict? GTIQUT ( I S ,  J ,  NEG, NDSK, IG, WATE, IND) 
This subrout ine  is ca l l ed  when the  selectj ion of t he  group-to-group 

t r a n s f e r  is t o  be biased .  

from group I t o  group J, P(I-+J),  is t o  be a l t e r e d  by iin importance func- 

t i o n  V ( J ) .  

wi th  an a s soc ia t ed  weight co r rec t ion  of N/[V(L) ] where 

i’hw, t h e  n a t u r a l  p r o b a b i l i t i e s  of  s c a t t e r  

Se lec t ion  of the  outgoing group L is made from P(I+J)V(J) 

NDSK 

J= 1 
N ** V(J)P(I+J).  

Cal led from: C0LISN 
Fu-.c tions used : FLTRNF 
Commons required:  Blank 

Var iab les  requi red :  

IS - one less than index f o r  within-group s c a t t e r i n g ,  

NREG 

NDSK 
- geometr ical  region of the  c o l l i s i o n ,  

- number of poss ib l e  downscatter groups. 

IG - incoming energy group. 

WATE - incoming p a r t i c l e  weight. 

I N D  - index fo r  the  loca t ion  of importance of within-group 

s c a t t e r i c g .  

Var iab les  changed: 

J - t he  number of downscattering groups. 

W A X  - modified t o  co r rec t  f o r  the  b ias ing .  

S i g n i f i c a n t  i n t e r n a l  va r i ab le s :  

SBSIG is t he  normalizat ion N of the biased d i s t r i b u t i o n .  
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Subroutine GRiED (MDGEflM, MOXSEC) 

The s tacdard  vers ion  of t h i s  rou t ine  is a c t u a l l y  a dummy rou t ine  

because i t  assumes t h a t  t h e  geometry media numbers and the  c ros s  sec- 

tion media numbers are iden t i ca l . ?  If t h i s  is not  t he  case, t h e  user  

must supply a rou t ine  which s p e c i f i e s  t h e  r e l a t ionsh ip  between t h e  two. 

Cal led from: 

Variables  required:  

CaLISN, FISGEN, GAMGEN, NSIGTA, MgRSE, :PTH$TA 

MDGE0M - t h e  media number of the  geometry media. 

Variables  changed : 

MDXSEC - the  c ros s  sec t ion  media number corresponding t o  the  

geometry media !DGEaM. 

'Note: The need f o r  t h i s  rou t ine  a rose  because the 05R type gr.*;?etries 
de tec ted  a boundary c ross ing  only i f  there  Mas a d i f f e r e n t  mrdia c.1 each 
s i d e  of the boundary. However, f o r  a homogeneous problem, the t r anspor t  
needed o n l y  o n e  cross sec t ion  media t o  be s to red .  Therefore, t h i s  roiltine 
was w r i t t e n  t o  allow one t o  equate  t h e  c ros s  s e c t i o n s  f o r  two gzometric 
media.  Since the  advent of the  combinator ia l  geometry package (CG), the  
need f o r  such a rou t ine  is v i r t u a l l y  non-existent because CG uses  a 
d i f f e r e n t  technique f o r  determining boundary c ross ings .  With j u s t  a n in i -  
,~um of e f f o r t  t he  user  of MORSE-CG can e l i a i n n t e  the  need f n r  t h i s  rou t ine  
by equivalencing :.lDGEOM 6 MLXSEC and removing the  c a l l s  t o  t h i s  rou t ine .  
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Subroutine GTNDSK 

This  rou t ine  determines the  maximum number of non-zero downscatters 

for each group for a l l  elements.  The neutron p a r t  of the  Po t a b l e  is 

searched for each e l enen t  with the  downscatter f o r  each group determined 

by t h e  maximum non-zero group-to-group t r a n s f e r  crcss sec t ion .  

mum va lue  found for any element is used f o r  a l l  medlia. Af te r  search ing  

t h e  PO t a b l e ,  the  i n p u t  c ross -sec t ion  t a p e  is  rewound and read aga in  i n  

the  normal cross-sect ion input .  I f  hydrogen i s  present ,  complete dovn- 

s c a t t e r  w i l l  be needed and no advantage is gained j n  using t h i s  rout ine;  

i n  t h i s  case, a dumny r o u t i n e  :my b e  s u b s t i t u t d .  

Called from: XSEC i f  IXTAPE > 0 

Subroutine cal led:  RESTOR 

Conanons required: Blank, LQCSIG 

Variables  required: 

Variables  changed: Downscatter index array i n  Blank Comon 

S ign i f i can t  i n t e r n a l  va r i ab le s :  

The maxi- 

A l l  va r i ab le s  i n  Cormnon LGCSIG 

I hT - s t a r t i n g  loca t ion  i n  Slan’i Comon for temporar i ly  s to r ing  

P mat r ix .  0 .  
IST - s t a r t i n g  loca t ion  i n  Blank Comon of r e s to red  c ros s  

sect  i c n  . 
ISP - l a s t  l oca t ion  i n  Blank Com,n  used. 

N 1  - f i r s t  group t o  be  consi3ered. 

N2 - l a s t  group to  be considered. 
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Subrou t ine  G E  (NLAST, NLFT) 

The f u n c t i o n  of S u b r o u t i n e  GTSCT is t o  r e a d  a n  @6R7*O p o i n t  c r o s s -  

s e c t i o n  t a p e ,  to  store t h e  c r o s s  s e c t i o n s  i n  Blank Common., and to  s e t  up 

i n d i c e s  which g i v e  t h e  l o c a t i o n  i n  Blank Common of t h e  c r o s s  s e c t i o n s  

corresponding to t h e  energy boundar i e s  i n  t h e  mult igroup :s t ructure .  T h i s  

r o u t i n e  h a s  been w r i t t e n  t o  p r o c e s s  t h e  d a t a  from a n  06R 'tape v i th  

v a r i a b l e  supergroup boundar i e s ;  t h e  energy l i m i t s  o f  t h e  boLqdaries  are 

r e a d  from t h e  t a p e .  (To p r o c e s s  an 05R t ape ,  t h e  t a p e  read s t a t e m e n t  

would need to be  modif ied and t h e  supergroup energy bound.aries provided 

s e p a r a t e l y .  ) 

6 

A v a r i a b l e  numbcr of  p o i n t s  pe r  supergroup may be  used f o r  each media 

for which p o i n t  c r o s s  s e c t i o n s  are provided;  however, i f  t o t a l  s c a t t e r i n g  

and v * f i s s i o n  c r o s s  s e c t i o n s  are used, t hen  t h e  nunber o f  p i n t s  for t h e s e  

i n d i - l i d u a l  c r o s s  s e c t i o n s  m i l s t  b e  t h e  same w i t h i n  a medium. I n  o r d e r  to 

reduce t h e  t i m e  r e q u i r e d  to  choose a p o i n t  c r o s s  s e c t i o n  for a g iven  

energy,  i n d i c e s  co r re spond ing  t o  t h e  mJ l t ig roup  energy boundaries  a r e  

c a l c u l a t e d  and then  an index  i s  chosen w i t h i n  a mult igroup.  

t h i s  i ndex  c a l c u l a t l o n ,  i t  i s  assumed t h a t  t h e  energy a r r a y  is t h e  f i r s t  

a r r a y  i n  Blank Common. 

uniformly between t h e  ind'ces f o r  t he  mult igroup boundaries .  This i s  

e q u i v a l e n t  t o  assuming a uniform f l u x  x i t h i n  a group. 

p i c k i n g  an energy w i t h i n  a group can b e  e a s i l y  inco rpora t ed .  

C a l l e d  from: XSEC 

Commons r e q u i r e d :  Blank , GTSCl , USER 
V a r i a b l e s  r e q u i r e d :  

I n  making 

Then i n  SubroGtine NSICTA a n  i n d e x  i s  chosen 

Other  schemes f o r  

NLAST - t h e  last  c e l l  used i n  Bladk Common b e f o r e  CTSCT was 

c a l l e d .  

t h e  l as t  c e l l  i n  Blank Common t h a t  can  b e  used. 

l o g i c a l  u n i t  f o r  an 068 p o i n t  c r o s s - s e c t i o n  t ape .  

t h e  l a s t  mul t ig roup  f o r  which p o i n t  cross s e c t i o n s  w i l l  

b e  used. 

There is  one c a r d  r ead  by GTSCT which c o n t a i n s  NWrl ,  t h e  number of dif- 

f e r e n t  t ypes  of c r o s s  s e c t i o n s  p e r  medium. 
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. ,  

NXPM = 1, t o t a l  cross s e c t i o n  on ly ;  

= 2, to ta l  i scattering; 

= 3, to t a l ,  s c a t t e r i n g ,  and v*,If. 
A d d i t i o n a l  i n p u t  i n f o r m a t i o n  is r e a d  from t h e  f i r s t  r eco rd  on t ape .  

These v a r i a b l e s  are: 

ETgFX - t h e  h i g h e s t  e n e r g y  for which t h e r e  are p o i n t  c r o s s  

s e c t i o n s .  

EB0TX 

NSZGX - t h e  Itumber of c r o s s  s e c t i o n s  on t a p e .  

IDLM(L) 

- t h e  lowes t  ene rgy  for which t h e r e  are p o i n t  c r o s s  s e c t i o n s .  

- t h e  e l emen t  i d e n t i f i c a t i o n  number f o r  t h e  Lth c r o s s  

sec t  ion.  

IDSG(L) 

NPT(L) 

- t h e  element t y p e  for t h e  Lth c r o s s  s e c t i o n .  

- t h e  number of p o i n t s  p e r  supe rg roup  f o r  t h e  Ltkh cross 

s e c t i o n .  

NEGPS 
ESPD(I) 

- t h e  number of supe rg roup  b m n d a r i e s .  

- t h e  ene rgy  co r re spond ing  t o  :he upper  boundary of t h e  

I t h  supergroup.  

The p o i n t  c r o s s  s e c t i o n s  are  r e a d  i n t o  a temporary s t o r a g e  area  an^! then 

r e o r d e r e d  and s t o r e d  permanent ly  (see Tab le  4.16 f o r  storage arrangement) .  

V a r i a b l e s  changed: 

NPT(L> - redefined as t h e  t o t a l  s t o r a g e  r e q u i r e d  f o r  each  c r o s s  

s e c t i o n  f o r  t h e  Lth medium (L 5 13). 
NLAST - t h e  l a s t  ce l l  of permanent s t o r a g e  used. 

NXSECT(L) - s t a r t i n g  l o c a t i o n  i n  Blank Common of point cross s e c t i o n s  

f o r  t h e  L th  medium [L 5 1 6 ) .  
I 
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Subroutine J N P K  

This  subrout ine  is the  execut ive  r o c t i n e  f o r  processing the  c ros s  
2 1 sec t ions  from t h e  ANISN o r  DTF-IV formats t o  the  necessary p robab i l i t y  

tab les .  The major functior.  of t h i s  rou t ine  is t o  mix the  c ros s  sec t ions  

s to red  fo r  each element t o  form meciia c ros s  sec t ions  and t o  decompose 

these  c ross  sec t ions  i n t o  the  ind iv idua l  p r o b a b i l i t y  d i s t r i b u t i o n s .  The 

Legendre c o e f f i c i e n t s  f o r  each group-to-group t r a n s f e r  may be res tored  

i n  a permanent s torage  area a f t e r  the  d i s c r e t e  angles  and p r o b a b i l i t i e s  

have been determiped. Output of t he  c ros s  s e c t i o n s  as read ( i f  IRDSG > 0 )  

and as s to red  ( i f  IPRIN 0) and the  gamma-production c ross  sec t ions  i s  

i n i t i a t e d  by t h i s  rou t ine .  

s to rage  is requi red  a c a l l  t o  XSCHLP (1, ItHJWT) w i l l  g ive a decimal 

dump of a l l  cross-sect ion s to rage  and commons. 

Called from: XSEC 

Subroutines ca l l ed :  READSG, ST@F&, LEGEND, ANGLES 

Functions used: IABS ( l i b r a r y )  

Commons required:  Blank, LGCSIG, MdXhT, MEANS, KSLTI,T 

Variables  requ'ired: 

Variables  changed: Blank common from ISTART t o  NXXSEC. 

Input  read: 

If d iagnos t i c  p r i n t o u t  of cross-sect ion 

All v a r i a b l e s  i n  LGCSIG, see page 4. 5-7. 

RH0 times the  c ros s  sec t ion  of the element NEL i s  added t o  

the  M I X  medium c ross  sec t ion .  I f  NEL is  negat ive,  th2 

cu r ren t  mixing opera t ion  completes the  c ros s  sec t ion  f o r  

t h a t  medium. There are NflX of these  cards read.  

:;: 1 
RHQ 

S i g n i f i c a n t  i n t e r n a l  va r i ab le s :  

NESK i s  t h e  cur ren t  number of downscatter groups for s t a r t i n g  from 

present  loca t ion .  



i 

7 

Subroutine L"̂"'" 
Subroutine LEGEND converts  LegenCre c o e f f i c i e n t s  t o  moments. The 

c o e f f i c i e n t s  are given i n  l a b e l l e d  common M0MENT i n  the  form 

1 NF 

-1 R=O 
2E + 1 f*P  (P)(fc  E 1). f R  = 1 f(w)PE(LOdP 2 = 1 , N F  o r  f (P )  = 7 L l l  

The output  of LEGEND c o n s i s t s  of the  imwnts ,  
1 
pn f(p)dp n = 1,NMgM. 

Method: I f  w e  l e t  

P'l n,R = + J? PnPll(ll;di?. 

-1 

Then by using t h e  fundamental recur rence  r e l a t i o n  for Legendre polynomials 

w e  can de r ive  

1 

L, .l -1 +- R + 1  -1 =- 
2& + 3 'n-l,R+l 29. - 1 'n-1,E-1' 

-1 -1 
nE 

Since w e  have t r i v i a l l y  P-l 
O R  

may e a s i l y  be computed. Then 

= and PIR = 61E, the c o e f f i c i e n t s  P 
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n 
= Pi; fQ.  

REO 

Called from: JNPUT 

Commons required: MgMENT 

Variables required: 

K M ~ M  

F(L), L = 1,EiMQM ( p r e s m b l y  i?F 2 N M M ,  no check i s  made). 

- number of moments g iven .  

Variables changed: XMdMN'I(M), N = 1, NN0M. 

S i g n i f i c a n t  in terna l  var iab les :  

-1 
P1(k) = Pn-l,$ 

P2(k) = P-,I 

= Pn-l,O 

n,9, 

-1 

P20 = P-l 
n,R 

Limitations: NM#X 24. 



Subrout ine PIMENT (NM0) 
This rou t ine  converts  moments to Legendre coef f ic ie f i t s .  The mments  

are given i n  l abe l l ed  common M@?ENT. Tlie output  of t he  subrout ine con- 

sists of the  same number of Legendre c o e f f i c i e n t s  s t o r e d  i n  l abe l l ed  . 
common y@mNT. 

E 

where the  P are the c z > e f f i c i e n t s  of the  Qth  Legendre ?o lynozia l ,  
E,n 

As t h i s  is  an i d e n t i t y ,  w e  nay sepa ra t e ly  equate  the  coeff  c i e n t s  of 

each power of 11 giving t h e  r e l a t i o n  

Since 

= 1 and P ( p )  = p, w e  have 
1 

P = and = 61n. 
O,n 

, 
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Called from: BADMOM 
Commons required: M0MEhi 

Variables required: NM0, (XM@MNT(N), N=l,N@) 

Variables changed: (F(L) , L=l,NM) 

S i g n i f i c a n t  i n t e r n a l  var iab les :  

PO(n) = Pll+ 

PL(n) = P1l-l,n 

poo = PQ-2,O 

p L - l ,  0 

P20 = PXO 

P2(n) = Plln 

P10 i 

Limitations:  N?!0 25. 
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I 

S u b r m t  i n e  9s I G S  (IGA, JMED ,TSIG, PNAB) 

This  subrout ine looks up the t o t a l  c ros s  sec t ion  and the  non- 

F.bsorption p r o b a b i l i t y  €or  the  group I G A .  

to include the  use of po in t ,  t o t a l ,  and s c a t t e r i n g  c ros s  sec t ions  i f  

IQ6RT i s  g r e a t e r  than zero.  For neutror. groups g r e a t e r  than ICQPT and 

f o r  gamma-ray groups, t he  multigroup c ross  sec t ions  a r e  used. Point  

c ros s  s e c t i o n s  amy be used for neutron-only and neut ron-gam-ray  coupled 

c ros s  s e c t i o n s  i n  e i t h e r  t h e  i x w a r d  o r  ad jo in t  solrrt ion.  Point  g a m -  

ray c ros s  sec t ions  are not  allowed. 

Modifications have been made 

I n  determining t h e  energy within a multigroup at  which the  poin t  

c r o s s  sec t ion  is determined, an index is chosen r a n d o d y  between the  in-  

d i ces  for t he  corresponding group boundaries.  

d a r i e s  correspond t o  some of &he multigroup boundaries (with va r i ab le  

supcrgraup boundaries,  t h i s  can always be assured) ,  then t h i s  is  equiva- 

l e n t  t o  assuming a constant  f l u x  wi th in  the group. 

of energ ies  within the  groxp is  s t ra ight-forward,  bu t  not provided. 

Subrout ine GTSCT f o r  descr ipt5on of iadexing scheoe. 

Cal led from: EUCLID, NXTCQL, User rout ines  

Subrout ine ca l l ed :  GTMED 

Commons required:  Blank, LgCSIG, CTSC1, USER 

Var iab les  required:  

I f  all supergrcu? boun- 

Importance sampling 

See 

ISPORG, ISTART, INABgG, IADJ, NTG from Comon LQCSIG 

IOBRT, X N Z C ,  IGQPT, NXSECT, NXPM from Comon GTSCl 

N Q T l  from Common USER 

IGA - energy group. 

N.?l€D - geometry medim. 

Variables  changed: 

TSLG - t o t a l  LKOSS sec t ion .  

PNAB - non-absorptioq p robab i l i t y .  

E 

/..- . . . -I 
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Subrout ine PTHETA (IMED, IG@LD, IGQ, THETA,PMU.,hiG) 

This rou t ine  c a l c u l a t e s  t he  p r o b a b i l i t y  p e r  s t z r a d i a n  of s c a t t e r i n g  

through an angle  whose cos ine  is THETA f o r  an energy t r a n s f e r  from group 

1GQ)LD t o  o t h e r  groups. 

wi th  the  group-to-group t r a n s f e r  incorporatcd.  Thus, evalua t ion  

Use is made of the r e s t o r e d  Legendre c o e f f i c i e n t s  

R=l I 

where P1jJ i s  the  p r o b a b i l i t y  of s c a t t e r i n g  from group I t o  group J ,  
S 

fy is  t h e  Rth Legendre c o e f f i c i e n t  €or  s c a t t e r i n g  from group I 

t o  group J ,  

P2(B) is  the  va lue  of the  Rth Legendre poLynoSa1 f o r  an angle  

whose cos ine  i s  8. 

There  are NC4)Ei.'-1 c o e f f i c i e n t s  res tored  by .JNPUT; 

i s  no t  r e s to red .  

i.e.. t he  Pci t a b l e  

It i s  assumed t h a t  within--group s c a t t e r i n g  is z o t  zero and i s  cal- 

cu la t ed  f o r  each en t ry .  

a b i l i t y  of s c a t t e r i n g  t o  a l l  o the r  groups r)r t o  a set number of downscatter 

groups. 

An opt ion  is provided fcr ca l cu la t ing  t h e  prob- 

The fol lowing recurs ion  r e l a t i o n  i s  used f o r  cslculatIng t he  Lcgeiidrc 

polynomial: 

L P,(x) = (2L-1) x PL-JX) - ( L 4 ) P L - J X ) .  

Cal led frsm: User rou t ines  only 

Subrout ines  ca l l ed :  GTNED, XSCHLP 

Commons required:  Blank,  LgCSIG 

Variables  required:  

IMED - geometry medium. 

IGgLD - t he  incoming energy group. 

ICQ - t he  l i m i t  of t he  downscatter for L-hich P(E is  ca lcu la ted .  

That is, P ( 9 )  i s  determined f o r  group I a L D  to  IcQ. 

IGQ i o  zero ,  f u l l  downscatter is a s s e d  and P ( 0 )  i s  de- 

termined f o r  I M L D  t o  NGP. 

If 
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THETA - cos ine  of t he  s c a t t e r i n g  angle.  

Var iab les  requi red :  

I S T A T ,  NCQEF, NGP, NTG, N T S ,  I S P Q R G ,  IDSGQG, I N S G ,  I F S P Q G  (from 

common L Q C S I G ,  see page 4.5-7 ) 

Variables  changed: 

PMU - t he  p r o b a b i l i t y  of s c a t t e r i n g  through an angle  whose 

cos ine  i s  6; PMU is  dimensioned by MMTG. 

NMTG - t he  t o t a l  number groups t o  be considered i n  t h e  probiem. 

S i g n i f i c a n t  i n t e r n a l  va r i ab le s :  

p (K) - Legendre polynomial of order  K e v a l u t e d  a t  8. 

Limi ta t ions :  Dimension of 10 f o r  Legendre c o e f f i c i e n t s .  A chacge i n  

t h i s  dimei,sion w i l l  allow higher  o rde r  of expansions. 
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Function Q(ND,K) 

This  funct ion subprogram genera tes  QND(X) .- the  va lue  a t  X of the 

or thogonal  polynomial, Q,  of o rder  ND. 

Q polynomials i s  employed t o  generate  the  funct ion 

Qi(x) = (x - Pi) Q i - l ( ~ )  - ai-l Qi-2(x) 

Qo(x) = 1 

The recurrence r e l a t i o n  f o r  t he  

2 

Q,(x> = x - Pl* 
Called from: ANGLES, FIND, BADMqM 

Commons required:  MEANS 
Variables  required:  

ND 

X 
W ( i )  = p i  

VAR(i) = ai 2 \  

Variables  changed: 

- t he  degree of the  polynomial desired.  

- t he  value of t he  argument des i red .  

i n  l a b e l l e d  common MEANS. 

Q - t he  value of the  func t ion .  

Limi ta t ions :  ND 1 4 .  
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Subrou t ine  READSG (LEM,C@F) 

The purpose of t h i s  r o u t i n e  i s  t o  r e a d  mult igroup c r o s s  s e c t i o n s  and 

store them i n  a b u f f e r  r e g i o n  o f  comrcon. 

ze ro ,  DTF-IV format  c r o s s  s e c t i o n s  may be r e a d ;  o t h e r w i s e ,  t he  AUISN 

format  i n  e i t h e r  f i x e d  or f r t e - fo rm is  assumed. 

I f  t h e  f l a g  I D T F  is g r e a t e r  t han  
1 2 

The A N I S N  c r o s s - s e c t i o c  format  makes u s e  o f  t h e  r e p e a t  f e a t u r e  and 

t h e  z e r o  f e a t u r e ;  t h u s ,  !.here is a mix tu re  o f  H o l l e r i t h  and numbers on 

t h e  card.  A t  p r e s e n t  s u b r o u t i n e  FFREAD is c a l l e d  t o  r e a d  t h e  d a t a  i n  

t h e  IEM-360 v e r s i o n ;  

plemented f o r  o t b e r  machines r a t h e r  than t h e i r  p re sen t  ne thcds .  DTF-IV 

format  does n o t  pclrmit r e p e a t s  o r  t h e  zero o p t i o n ,  and t h u s  t h e  s l b r o u t i n e  

a s l i g h t l y  modif ied v e r s i o n  of FFEAD could be i m -  

r e a d s  the  card numbers d i r e c t l y  i n t o  t h e  b u f f e r  s t o r a g e  r eg ion  s t a r t i n g  

a t  IKPBUF.  

I f  c r o s s  s e c t i o n s  are read from c a r d s ,  i n  t h e  XTXSS format ,  a card 

sequence check i s  performed. Columns 73--76 are e s s e n t i a l l y  ignored. 

Columns 77-80 must e i t h e r  be b l a n k  or  con ta in  a n  ir.:eger sequence number 

s t a r t i n g  a t  1 f o r  each set c f  c r o s s  s e c t i o n s ,  i . e . ,  f o r  each ele.;lent dnd  

each C o e f f i c i e n t .  I f  a c a r d  is o u t  o f  o r d e r ,  t h e  card image is p r i n t e d  

and t h e  program con t inues .  This test nay be  removed by s e t t i n g  IIZDSG 

n e g a t i v e .  (This a l s o  removes t h e  o p t i o n  of p r i n t i n g  t h e  c r o s s  s e c t i o n  

as r ead . )  

I f  a l l  c r o s s  s e c t i o n s  which appea r  on t h e  last c a r d  f o r  each c o e f f i -  

c i e n t  are n o t  needed, a message i s  p r i n t e d  g i v i n g  t h e  number of  c r o s s  

s e c t i o n s  a c t u a l l y  used,  and t h e  job  i s  then  t e rmina ted .  

I f  IXTAFT > 0 , c r o s s  s e c t i o n s  a r e  read f r o m  a s t a n d a r d  AYISK b i n a r y  

c r o s s  s e c t i o n  t a p e .  An i d e n t i f i c a t i o n  r e c o r d  (416,6X8) precedes  t h e  

c r o s s  s e c t l o n  for  each c o e f f i c i e n t .  The element i d e n t i f i e r  n u s t  be  the 

f o u r t h  i n t e g e r  i n  t h e  i d e n t i f i c a t i o n  record.  These , i d e n t i f i c a t i o n  numbers 

are r e q u i r e d  on i n p u t  c a r d  D.  Element i d e n t i f i e r s  do n o t  have t o  be  i n  

the  same o r d e r  as they appea r  on t h e  cross s e c t i o n  tape.  

C a l l e d  from: JNPUT 
Subrou t ines  c a l l e d :  FFREAD, XSCHLP 

Commons r equ i r ed :  Blank, L0CSIG 
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Variables  required:  INPBUF, INCP, INDS, 'XKK, IXTAPE, IDTF (from Common 

LaCSIG, see page 4.5-7 ) 

LEM - element number f o r  which c ross  s e c t i o n s  are t o  be  read. 

CQF - c o e f f i c i e n t  nunber f o r  which c ross  sec t ions  are t o  be 

read. 

INPUT: (INGP*(INDS+3)) va lues  of c ros s  s e c t i o n s  for each call. 

i '~ ' . _. 

Sign i f i can t  i n t e r n a l  var iab les :  

M - number of c ros s  s e c t i o n s  for each coe f f i c i en t .  

NP - number of repea ts  o r  zeros  f o r  a p a r t i c u l a r  cross 

sec t ion .  

Limitat ions:  Card formats must be  e i t h e r  MISN or  DTF-IV. o r  a b inary  

tape may be used. 

f ixed  or  free-form may be used. 

For ANISN-type d a t a  on cards ,  e i t h e r  
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Subrout ine RESTgR (IMP, ISP) 
This rou t ine  i s  a combination of p a r t s  o f  Subrout ines  READSG and 

ST0R.E. 

forward o r  a d j o i n t  problem. 

i n  o rde r  t o  search  f o r  maximum number of downscatters.  

Cal led  from: CXNDSK 
Subroutine ca l l ed :  XSCHLP 

Comons required:  Blank, LWSIG 

Variab les  required:  

Only the  Po matrix is read  (from tape) and s t o r e d  e i t h e r  fo r  a 

These c r o s s  s e c t i o n s  are s t o r e d  temporarily 

-. . 

INP - s t a r t i n g  l o c a t i o n  i n  Blank Common of temporary s torage.  

ISP - s t a r t i n g  loca t ion  in Blank C~rmnon for r e s to red  cross  

sec t ions .  

Element I D  numbers from Blank C o m n .  

Var iab les  from Common LaCSIG. 

Input:  P c ros s  s e z t i o n s  are read f ro=  IXTAPE for each element.  

Variables  changzd: Blank Common. 
0 

c 



/' 
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Subrout ine ST0RE (TE ,IC) 
The purpose of subrout ine  STQRE is  t o  p i ck  up t h e  cross s e c t i o n s  

f o r  element XE and c o e f f i c i e n t  I C  from the  inpu t  b u f f e r  reg ion  and s t o r e  

the t o t a l ,  f i s s i o n ,  and downscatter matrix i n  the  temporary s torage.  

Only those p a r t s  of t he  inpu t  c r o s s  s e c t i o n s  t h a t  ixe t o  be reused are 

s to red .  That is, the  neutrons Day b e  s t r i p p e d  from a couplrd neutron- 

gamma set, o r  t he  gammas may be  s t r i p p e d  from a ccupled neutron-gannaa 

set. 

a d j o i n t  so lu t ion  is des i red .  

Cal led from: JNPUT 

Coamons required:  Blank, L0CSIG 
Variables  required:  

Also, dur ing  the  r e s t o r i n g  t h e  c ros s  : .ections are transposed i f  ar. 

I E  - element number. 

I C  - c o e f f i c i e n t  numbar. 

Cross s e c t i o n s  ir, blank common from INPBUF to  INi?BOF+INGP*( INDS+3) 

INPRUF, NTG, NTS NCgEF, ISPQRT, INFPgG, ISZGbC, INDS, IADJ, 

NME (from common LQCSIG, see phge 4.5-7 ) 

Variables  changed: 

S i g n i f i c z n t  i n t e r n a l  var iab les :  

c ros s  s e c t i c n s  i n  b l m k  common from ISPdRT to ITQTSG 

I N 3 X  - s t a r t i n g  loca t ion  of downscatter mat r ix  f o r  t he  I E  

element and I C  c o e f f i c i e n t .  

I E 1  - number of l o c a t i o n s  ta be skipped i n  the  t o t a l  cross-  

s e c t i o n  a r r a y  f o r  o t h e r  elements.  

\ 
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Subroutine XSEC (TADJI’I,L0CEPR,~D&b,FlEDIA,NLAST,NMGP,MG,NLEFT,I@,IN) 
Subrout ine XSEC i s  the  primary i n t e r f a c e  of t h e  c ross -sec t ion  module 

wi th  the  rest of M0RSE. 

The func t ion  of XSEC is t o  read t h e  c ross -sec t ion  i c f o m a t i o n  de- 

f i n i n g  the  number o f  groups,  c o e f f i c i e n t s ,  e lements ,  media, e tc . ,  and t o  

s e t  up the  s to rage  loca t ions  required.  

are def ined i n  Subrout ine XSBC. 

A l l  v a r i a b l e s  i n  Common L0CSIG 

(Three v a r i a b l e s  are redef ined i n  Jpr’PUT 

i f  LegenCre c o e f f i c i e n t s  are res tored . )  A f t e r  t h e  s to rage  is a l loca ted ,  

Subroutine .INPUT is  c a l l e d  and is t h e  execut ive  n u t i n e  f o r  manipulating 

the  c ros s  secc ions .  

GTSCT is c a l l e d  f o r  the  inpu t  and s to rage  of these  c r o s s  sec t ions .  

I f  po in t  c r o s s  s e c t i o n s  are to be  used, Subrout ine 

The f i r s t  medium cross s e c t i o n s  are s t o r e d  from ISTART t o  ISPdRG 

i ISTART; each s w c e s s i v e  medium r e q u i r e s  ISPgRG cross sec t ions .  The 

Legendre c o e f f i c i e n t s  a r e  s t o r e d  a f te r  the  media c r o s s  sec t ions  and the  

poin: c ros s  s e c t i o n s  follow. 

Called from: INPUT 

Subrout ines  ca l l ed :  JNPUT, ALBIN, XSCHLP, GTNDSK, XSTAPE, GTSCT 

Commons required:  Blank, LqCSIG, GTSCl 

Var isb les  required:  

IADJM -- switch in f i i ca t ing  t h a t  t he  problem is  an a d j c i n t  

problem i f  > 0. 

LQCEPR - l oca t ion  of energy-biasing parameters;  if 0 ,  no energy 

b i a s i n g  will be used. 

MEDALB - m e d i u m  number for the a lbedo scatterer; MEDALB > 0 

signals a combined albedo ana normal r ranspor t  problem; 

= 0 is f l a g  f o r  normal t r a n s p o r t  on ly  and ALBIN w i l l  

no t  be  c a l l e d ;  < 0 s i g n a l s  an albedo-only problem, 

noma1  c ross  s e c t i o n s  w i l l  no t  be read, IMEDALBI i s  

the  albedo medium. 

MEDII~ 

NLATT 

NMCP 

- number of media f o r  which c r o s s  s e c t i o n s  are t o  be read.  

- the  last  c e l l  used i n  Blank Conqon before  XSEC was c a l l e d .  

- t he  number of primary p a r t i c l e  groups for which the re  

are c r o s s  sec t ions .  

NMTG - i o t a 1  number of groups f o r  which t h e r e  are c ross  sec t ions .  

crs 
I 
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NLEFT - dimension of Blank Common. If N U S T  > NLEFT, too much 

s to rage  has been used. 

- output  and input  l o g i c a l  u n i t s .  I0,IN 
Input:  The fol lowing four  cards  are read by Subroutine XSEC". 

F i r s t  Card? - comen t  card.  

Second Card+ - NGP, NDS, NGG, b!DSG, INGP, ITHL, XSGG, NMED, NELEM, 

NMIX, NCQEF, HSCT, ISTAT. For d e f i n i t i o n s  see 

Common LaCSIG. 

Third Cardt - IRDSG, ISTR, IFMU, IMgM, IPRIM, IPW, ICTF, IXTAPE, 
JXTAPE, IQBRT, IGQPT. For d e f i n i t i o n s  see Commons 

LdCSIG and GTSC1. 

Fourth Card+ - (Omitted i f  IXTAPE 0 )  element i d e n t i f i e r s  of 

c ros s  s e c t i o n s  t o  be  read from. tape.  

Variables  changed: 

MEDALB - set t o  7777 i f  there  i s  no albedo su r face  i n  proLlem. 

NLAST - the  last .  c e l l  of permanent s torage  used. 

S i  gni  f i cant i n  tern a1 var i ab le s  : 

HEC - number gf c r o s s  sec t ions  t o  be read from tape.  

*A more de t a i l ed  desc r ip t ion  is given i n  Seccion 4.3. 

+If IXTAPE < 0, cards  are requi red  but  v a r i a b l e s  are no t  used. 

i 
I 

i 



Subrout ine XSTAPE (ISIG, ITAPE, NL.4ST, TITLE) 
* 

The func t ion  of  XSTAPE is t o  e i t h e r  w r i t e  o r  read a processed cross- 

s e c t i o n  tape.  The processed c ross -sec t ion  t ape  con ta ins  the  cross-sect ion 

t i t l e  card  information,  a l l  v a r i a b l e s  i n  Common LQCSIG, and the  conten ts  

of Blarik Common frcim IRSG t o  NLAST. 

If a processed tape  is read, t h e  va lues  of the  v a r i a b l e s  normally 

input  are p r i n t e d  a f t e r  be ing  read from tape  f o r  ccjmparison w i t h  the  

input  da ta .  However, i f  an a d j o i n t  problem was run i n  w r i t i n g  the  pro- 

cessed tape,  t h e r e  w i l l  be d i f f e rences  i n  the  two sets of numbers. The 

v a r i a b l e s  i n  LQCSIG are ad jus t ed  t o  account f o r  a d i f f e r e n t  abso lu t e  

loca t ion  i n  Blank Common. 

Cal led from: XSEC 

Commons required:  Blank, LBCSIG 

Variables  required:  

ISIG - switch i n d i c a t i n g  t h a t  a tape  is t o  be  w r i t t e n  i f  = 2;  

a tape  is read i f  # 2.  

ITAPE - l o g i c a l  tape u n i t  of processed c ross -sec t ion  tape.  

NLAST - last  l o c a t i o n  i n  Blank Common of the c ross -sec t ion  

s torage .  

TITLE - information from cross-sec t ion  t i t l e  card.  

, . . . .  i. , . _" .^__.. . . - ., .. . . 

/ 

. .  
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4.6. AhALYSIS MODULE 

4.6.1. I n t r o d u c t i o n  

SAMB@* i s  a package of  compurcr r o u t i n e s  which hand les  most of t h e  

drudgery a s s o c i a t e d  v i t h  a n a l y s i s  of c o l l i s i o n s  i n  a Monte Carlo code. 

I t  w a s  w r i t t e n  f o r  u s e  w i t h  t h e  M0RSE mul t fg roup  Monte Carlo code b u t  

should b e  r e a d i l y  a d a p t a b l e  t o  I n c o r p o r a t i o n  i n t o  o t h e r  random walk 

g e n e r a t i n g  codes.  An a r b i t r a r y  number of d e t e c t o r s ,  energy-dependent 

response f u n c t i o n s ,  energy b i n s ,  time b i n s ,  and a n g l e  b i n s  are al lowed,  

w i t h  v i r t u a l l y  no numerical  l i m i t a t i o n s  o t h e r  t han  t h e  a v a i l a b l e  c o r e  

s t o r a g e .  Ana lys i s  is d i v i d e d  i n t o  ( I )  u n c o l l i d e d  and t o t a l  r e spcnse  

(f luencef '  i n t e g r a t e d  ove r  each response f u n c t i o n  a t  each d e t e c t o r ;  

(2) f l uencc  v e r s u s  energy and d e t e c t o r ;  (3) time-depcnden t r e sponse  

(time-dependent f l u e n c e  i n t e g r a t e d  over  each r e sponse  a t  each d e t e c t o r ) ;  

(4) f l u e n c e  v e r s u s  t i m e ,  energy,  and d e t e c t o r ;  and ( 5 )  f l u e n c e  v e r s u s  

a n g l e ,  energy,  and d e t e c t o r .  

pt*t a long  wi th  an a s s o c i a t e d  f r a c t i o n a l  s t a n d a r d  d e v i a t i o n .  

Each q u a n t i t y  i n  t h e  abovc a r r a y s  is  ou t -  

A s i m p l i f i e d  flow diagram of a t yp ica l .  Yonte Car lo  program, i n t e r -  

faced t o  t h e  S M e  package, i s  shown i n  Fig. 4 .5 .  

and i n i t i a l i z a t i o n  are performed a t  t h e  beg inn ing  of  each problem ( S C 6 R I N 1 ,  

each run  (STRUN), and each b a t c h  (STBTCH). A b a t c h  may e i t h e r  b e  a genera- 

t i o n  of  p a r t i c l e s  in m u l t i p l y i n g  systems or a group of h i s t o r i e s  t r e a t e d  

t o g e t h e r  f o r  c a l c u l a t i o n  of L a r i a n c e s .  Ter- 

minal  o p e r a t i o n s  a r e  performed a t  the  end of each b a t c h  (NBA'-'CH) a d  run 

(NWJN). 

by t h e  h i s t o r y  gene ra t ion  r o u t i n e s ,  perform most of  t h e  n e c e s s a r y  book- 

keeping f a n c t i o n s .  

primary bookkeeping r o u t i n e s  o r  by e s t i m a t i n g  r o u t i n e s .  

I n p u t  of pa rame te r s  

A run is a set  of b a t c h e s .  

The above ' ive  r o u t i n e s ,  when cal led a t  t h e  a p p r o p r i a t e  p o i n t  

Five a d d i t i o n a l  routines are e i t h e r  c a l l e d  by t h e  
INSC(dR and ENDRLT 

* S t o c h a s t i c  F n a l y s i s  Eachine € o r  Bookkeeping, i f  the r e a d e r  i n s i s z s  on 
ar, acronym; 
Breese Morse's f i r s t  and t h i r d  James. 

s u b s t i t u t e d  f o r  f luence  a t  each d e t e c t o r .  For example, i f  c u r r e n t  
and f l u e n c e  a t  a p lane  are d e s i r e d ,  two s e p a r a t e  d e t e c t o r s  would be 
used. 

t h e  d e r i v a t i o n  was a c t u a l l y  i n s p i r e d  by Samuel F i n l e y  

t C u r r e n t ,  c o l l i s i o n  d e n s i t y  o r  o t h e r  f l z n c e - l i k e  q u a n t i t y  may b e  
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Random Walk Generating Package SAM36 Routines 

INSCMR , R E A D 1  
INITIALIZE 

STBTCB 
I 

GENERATE 
SOURCE EVENT 

BDRYX 

ESCAPE 
OCCURRENCE 

LFTC. -- J 

OVER? 

YES NRUN 

NO ENDRUN 

I 

F i g .  4.5. Flow Diagram of Monte Carlo Program Using the SAMBO Package 
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are dummies called by SCilRIN and MW!!, r e s p e c t i v e l y ,  t o  allou i n s e r t i o n  

of problem-dependent mod i f i ca t ions .  

t o  c a l c u l a t e  f r a c t i o n a l  s t a n d a r d  d e v i a t i o n s  i n  two- and three-dimensional  

a r r a y s ,  r e s p e c t i v e l y .  R W S T  is  t h e  i n t e r f a c e  between t h e  e s t i m t i n g  

and bookkeeping r o u t i n e s  and is c a l l e d  by t h e  es2imatin;: r o u t i n e s  t o  

store estimates i n  t h e  a p p r o p r i a t e  a r r a y s .  The bookkeeping s e c t i o n  of 

t h e  package is  d e s c r i b e d  i n  more d e t a i l  i n  S e c t i o n  4.6.2. 

VAR2 and VAR3 are c a l l e d  by NRUN 

S i n c e  s o  nany t ypes  of e s t i m a t o r s  are p o s s i b l e ,  no attemp? i s  made 

t o  p rov ide  a l l - i n c l u s i v e  e s t i m a t i n g  r o u t i n e s .  I n  l i e u  of t h i s ,  samples 

of t y p i c a l  e s t i m a t i n g  r o u t i n e s  arc i nc luded ,  from which t h e  u s e r  can con- 

s t r u c t  r o u t i n e s  wi th  f e a t u r e s  c l o s e  t o  h i s  needs.  S e c t i o n  4.6.3 d e s c r i b e s  

r o u t i n e s  SDATA and BDRYX Lvhich implement a s u r f a c e - c r o s s i n g  e s t i m a t o r  of  

f l u e n c e  a t  c o n c e n t r i c  spLeres .  S e c t i o n  4 . 6 . 4  i n c l u d e s  d e s c r i p t i o n s  of 

an e s t i m a t i n g  t echn ique  f o r  f l u e n c e  a t  a p o i n t  d e t e c t o r .  

4 .6 .2 .  Bookkeey-nq Routines  

The i n t e r f n c c  between th? ooo!:kecping r o u t i n e s  i n  SiUiBQ dnd t he  

random walk rout i n e s  c o n s i s t s  of one l a b e l l e +  common (USER) ,  a s p e c i f i e d  

a r e a  of blank cornon, and c a l l s  t o  fo,.r mzjor s u b r o u t i n e s .  These r o u t i n e s  

are: (1) SCORIh, which r e a d s  necessa ry  input parameters  and sets up moa 

i n  a s p e c i f i e d  area of b l ank  C O I I ~ O I I  f o r  t he  n e c e s s a r y  a r r a y s ;  

which i n i t i a l i z e s  a r r a y s  d t  t h e  s t a r t  of each b a t c h ;  (3) KBXTCH, u l ~ i c ' i  

5ms batched e s t i m a t e s  and t n c i r  s q u a r e s  a t  t he  end of each bc?tch; and 

( 4 )  NRUN, which normali-es  atid o u t p u t s  r e s u l t s .  Three a d d i t i o n a l  r o u t i n e s  

in t h i s  p a r t  of t!ie package are VAR2 and VAR3,  which a r e  c a l l e d  by NRLT 

t o  c a l c u l a t e  sample v a r i a n c e s  based on batch-summed e s t i m a t e s ,  and STNY 

which 5s c a l l e d  at t h e  begin:ing of  each run ( s e t  of  b a t c h e s ) .  

( 2 )  STBTCK. 

The co r i c spond ing  i n t e r f a c e  between t h e  bookkeeping ro l l t i nes  i n  

SAHB0 and tile e s t i m a t i n g  r o u t i n e s  c o n s i s c s  of s u b r o u t i n e  FLUSST. Th i s  

r o u t i n e  i s  c a l l e d  by t h e  u s e r  r o u t i n e s ,  h+ich c a l c u l a t e  estimtes frcm 

t h e  h i s t o r y  pa rame te r s  t o  s t o r e  estimates i n  t h e  r eques t ed  a r r a y s  i n  

b l ank  common. 

The parameters  d e f i n i n g  t h e  rystem b e i n g  t r e a t e d  (i.e., t h o s e  p a r m -  

eters that  do n o t  vary d u r i n g  t h e  walk) by t h e  random walk r o u t i n e s  a r e  
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p laced  i n  common USER b e f o r e  SCgRIb! i s  c a l l e d .  

v a r i a b l e s  are summarized i n  Table  4.18 and d e f i n e d  more thoroughly below. 

The meanings of t h e s e  

AGSTRT, WTSTRT, XSTRT, YSTRT, and ZSTRT r e p r e s e n t  t h e  s t a r t i n g  

v a l u e s  of age,  s t a t i s t i ca i  weight and p o s i t i o n  of a d i s c r e t e  s o u r c e .  

If t h e  sou rce  is n o t  d i s c r e t e ,  t h e  v a l u e s  should r e p r e s e n t  means. The 

age  and p o s i t i o n  are used t o  o b t a i n  a minimum arr ival  time (TO) f o r  each 

d e t e c t o r  which d e f i n e s  t h e  lower edge of  t h e  f i r s t  t i m e  b in .  That  is, 

TO = AGSTRT + SQRT( (XD-XSTRT) **2 + (ID-YSTRT) **2 + (ZD-ZSTRT) **2) /VL 
where XD, YD, ZD are t h e  d e t e c t o r  p o s i t i o n ,  and VL is t h e  maximum velo- 

c i t y  (corrosponding t o  group 1 f o r  a n e u t r o n  (only problem; 

t h e  v e l o c i t y  of  l i g h t ) .  

o t h e r w i s e  

DFF is  a source  n o r m a l i z a t i o n  f a c t o r  t o  b e  used,  i n  a d j o i n t  problems, 

by "?I t o  modify a l l  o u t p u t  q u a n t i t i e s .  It is t h e  f a c t o r  which norma'l- 

i z e s  t h e  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  ( d e t e c t o r  response i n  t h e  forward 

problem) so t h a t  i t  is a p rope r  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  ( p . d . f . ) .  

I n  e s sence ,  DFF saves  t h e  u n i t s  i n h e r e n t  i i i  t h e  forward problem d e t e c t o r  

response.  Although i t s  p r e c i s e  d e f i n i t i o n  would depend on t h e  p a r t i c u l a r  

code, i n  most a d j o i n t  f o r m u l a t i o n s  u s i n g  p o i n t  cross s e c t i o n s ,  DFF would 

b e  g iven  by ( c o n s i d e r i n g  on ly  energy dependence) : 

DFF =/dE P(E) ,  

where ;(E) is t h e  payoff f u m t i o n  i n  t h e  forward problem and E is the  

energy v a r i a b l e .  This is, of  c o u r s e ,  t h e  f a c t o r  needed t o  al ter P(E) 

to  a p.d.f .  s u i t a b l e  f o r  u se  i n  s e l e c t i n g  source  p a r t i c l e  e n e r g i e s  i n  

t h e  a d j o i n t  problem. I n  a mul t ig roup  code such as NgRSE, =here  the  

s c o r i n g  f u n c t i o n  i n  t h e  forward problem is  

Pi = dE P(E)//dE, 
group i group i 

DFF is given by 

DFF = Pi . 
i 
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EB6TN and EBQTG are t h e  lowzr energy l i m i t s  of t h e  l a s t  neutron? 

group (group NMGP) and t h e  last  -,amma-ray group (group W T C ) ,  r e s p e c t i v e l y ,  

€or which c r o s s  s e c t i o n s ,  energy bounds, v e l o c i t i e s ,  etc. ,  are a v a i l a b l e .  

These seemingly s u p e r f l u o u s  p i e c e s  o f  i n fo rma t ion  are s u p p l i e d  by M0RSE 
s e p a r a t e l y  from t h e  upper energy l i m i t s  of 311 grcups.  

l i m i t s  are expected t o  be i n  ce l l s  1 t o  NMTG of blank common, and t h e  

corresponding group v e l o c i t i e s  are exTected t o  be i n  ce l l s  NMTG i 1 t o  

2*NMTG.) TCUT, I O ,  11, and IADJ?1 are d e f i n e d  adequa te ly  i n  Table 4.18. 

(The upper energy 

NGPQT1, -2, arrd -3 are d e f i c e d  f u r t h e r  i n  Tables  4.13, 4.14, and 

4.19 ( f o r  a combined neu t ron  and gamma-ray p r o b l e s ) .  

are t h e  number of neu t ron  and gamma-ray groups,  r e s p e c t i v e l y ,  t o  be  

t r e a t e d  i n  t h e  problem, whereas NMGP and NMTG a r e  t h e  nurober o f  primary 

(neu t ron )  groups and t h e  t o t a l  number of groups fo r  which c r o s s  s e c t i o n s  

(and some o t h e r  paranieters  such  a s  energy l i m i t s )  a r e  to be  provided. 

NITS is t h e  i n i t i a l  number of ba.tches r eques t ed  and NSTRT is t h e  

NGPQTX and XGPQTG 

nunber of independent s o u r c e  p s r t i r l e s  i n  each b a t c h .  

NWST and NLEFT d e f i n e  an a r e a  o f  b l a n k  comon a v a i l a b l e  to :he 

package. 

t o  b e  a v a i l a b l e .  

Cells NLAST + 1 to  NLAST + NLEFT i n  bj.ank comnon are assumed 

Subrou t ine  SCQ)RZS a l l o c a t e s  room in t h i s  s t o r a g e  a r e a ,  afrer  rccciv- 

i n g  v a l u e s  f o r  the v a r i a b l e s  ND, N E ,  N E ,  NT, N A ,  NRESP, N E X ,  XEXXD, 

which a r e  t h e  f i r s t  e i g h t  v a r i a b l e s  i,i common PDE'T desc r ibed  ir, Table 

4.20. 

Figure  4.6 i s  a diagram of t h i s  s t o r a g e  area i n  b l a n k  c o c o a  show- 

i n g  the  l o c a t i o n  of the v a r i o u s  a r r a y s .  Table  4.21 shows i n  mre d e t a i l  

how t h e s e  a r r a y s  a r e  l o c a t e d .  I n d i c e s  used i n  t h e  top p a r t  of t h e  t a b l e  

are d e f i n e d  i n  t h e  lower s e c t i o n .  For t h e  sis .ct?ts of t h r e e  a r r a y s  each 

t h a t  c o n t a i n  t h e  e s t ima ted  q u a n t i t i e s ,  o n l y  the f i r s t  a r r a y  of each s e t  

i s  d e s c r i b e d  i n  Table 4.21. This f i r s t  a r r a y ,  i n  each c a s e ,  is used to 

.!-"Neutron" and " garma-ray" are used t'l roughout i n t  c rchange ab ly u i  t h 
"primary" and "secondary". 
t h e  type  of p a r t i c l e s  b e i n g  p rocessed  except i n  t h e  d e f i n i t i o n  of VI- 
d e s c r i b e d  p rev ious ly .  

This  package makes no sssumptions about  
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s t o r e  estimates summed over a ba tch  of h i s t o r i e s .  The second a r r ay  of 
each set uses  t h e  mnemonic name pref ixed  wi th  an S and is used to form 

t he  sum over a l l  h i s t o r i e s .  The t t ; i rd  a r r ay  of each set uses t h e  mnemonic 

nilroe pref ixed with an S and su f f ixed  wi th  a 2 and is used t o  s t o r e  sums 

of squared batch est imates .  

d e t a i l s .  1 
(See NBATCH, VAR2, and VAR3 writeups f o r  

Following are de ta i l ed  desc r ip t ions  of t he  bookkeeping raut i r ies .  
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Tab le  4.18. D e f i n i t i o n s  of Variables;  i n  Common U S W  

AGSTRT 

WTSTRT 

XSTRT 

YSTRT 

ZSTRT 

3FF 

E B ~ T N  

E B ~ T G  

TCUT 

I O  

I1 

JADJF! 

I n i t i a l  c h r o n o l o g i c a l  age  t o  b e  a s s i g n e d  t o  s o u r c e  p a r t i c l e s ,  

I a i t i a l  weight  t o  b e  a s s i g n e d  t o  s o u r c e  p a r t i c l e s ,  

I n i t i a l  x p o s i t i o n  t o  b e  a s s i g n e d  t o  s o u r c e  p a r t i c l e s ,  

I n i t i a l  y p o s i t i o n  t o  be assigried t o  s o u r c e  p a r : i c l e s ,  

I n i t i a l  z p o s i t i o n  t o  b e  a s s i g n e d  t o  s o u r c e  p a r t i c l e s ,  

Normalizat ion f o r  a d j o i n t  problems, 

Lower ene rgy  boundary ( e V )  of l as t  n e u t r o n  group (group NXGP), 

Lower ene rgy  boundary (eV) o f  l a s t  gamma-ray group (group 
NKTG) , 

Chrono log ica l  age l i m i t ,  

Log ica l  uniL f o r  o u t p u t ,  

Log ica l  u n i t  f o r  i n p u t ,  

Ad jo in t  swi t ch  (>O f o r  a d j o i n t  problem),  

NGPQT1 \ 
NGPQT2 Problem-dependent energy group 1 i n i i  ts (see t e x t ) ,  
IiGPQT3 

NGPQTG Group number of lowest  ene rgy  gamma-ray energy group t o  be 
t r e a t e d  , 

Group number of lowes t  ene rgy  n e u t r o n  energy group t o  be 
t r e a t e d ,  

NGPQTX 

SITS Number of b a t c h e s  t o  b e  run ,  

NLAST L a s t  c e l l  in b l a n k  common used by random walk package, 

NLEFT Number of c e l l s  i n  b l a n k  cornon a v a i l z b l e  t o  u s e r ,  

131W Number o f  primary (neu t ron )  energy g roups ,  

NFff c- T o t a l  number o f  ene-.gy g roups ,  

NSTRT Number of s o u r c e  p a r t i c l e s  f o r  each b a t c h .  
--- - 
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Table 4.19.  D e f i n i t i o n s  of Problem-Dependen: 

Energy Group Limits 

- - - 
Forward 

NGPQTl = NGPQTN f o r  neutron only or combined problem, 

= NGPQTG for g a m  ray only (NGPQTN = 0). 

NGPQT2 = NMGP 

KGPQ'1'3 = hIGP + NGPQTG for combined problem 
(NGPQTN+NG?QT\". > 0 ) ,  

= NGPQTl for  neutron only o r  gamma ray o n l y .  

Adjoint 

NGPQTl = NMTG - MGP, 

NGPQT2 = ? I T G  - NGPQTN, 

NGPQT3 = NMTG. 
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Tab le  4.20. D e f i n i t i o n s  o f  V a r i a b l e s  i n  Com.on PDET 

- 
ND 
"E 

NE 

NT 

NA 

NRESP 

NFX 

NEXND 

hl: ND 

NDNR 

hTNR 

NTNE 

NANE 

hTmh% 

KTUTNEND 

KANEND 

LBCRSP 
L0CxD 

LBCIB 
L0CC0 
1 . 0 ~ ~  
LbCUD 

L0C SD 

L0CQE 

LQCQT 

L0CQTE 

L0CQAE 

LWiX 

EFIRST 

EGTgP 

Number o f  d e t e c t o r s  (2 I ) ,  

Number of neutroll  ene rgy  b i n s ,  

T o t a l  nur,Ser of energy bins, 

Number of t i m e  b i n s ,  

Number of a n g l e  b i n s ,  

Number of energy r e sponse  f u n c r i o n s  (2 I), 

Number of e x t r a  a r r a y s  c;f l e n g t h  N4TG t o  b e  se t  a s i d e ,  

Number o f  e x t r a  a r r a y s  of l e n g t h  ND t o  be set a s i d e ,  

NE*ND, 

SQkNRESP, 

hT+NKESP 

hT *KE , 
NAkNE, 

hT*ND*KRESP, 

ST*NE*ND, 

NA*NE*ND, 

Locat ion of c e l l  z e r o  of r e sponse  f u n c t i o n s ,  

Loca t ion  of c e l l  z e r o  of de tec t f i r  p o s i t i o n s ,  

Locat ion of c e l l  zero of energy b i n s ,  

LocatioTi of c e l l  z e r o  of a n g l c  ( c o s i n e )  b i n s ,  

Loca t i cn  of c e l l  z e r o  o f  t i m e  b i n s ,  

Locat ion of c e l i  z e r o  of a r r a y  UD, 

Locat ion of c e l l  z e r o  of a r r a y  SD, 

Loca t ion  of c e l l  z e r o  of array QE, 

Locat ion of c e i l  z e r o  of array QT, 

Loca t ion  o f  c e l l  z e r o  o f  a r r a y  Q I E ,  

Locat ion of c e l l  z e r o  of a r r a y  QAE, 

L a s t  c e l l  used i n  b l a n k  common, 

Upper energy l i r l i l t  of f i r s t  ene rgy  b i n ,  

Upper energy l i m i t  of  f i r s t  g a m a - r a y  b i n .  

... 
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Locat  ion Mnemonic 
Length  L a b e l s  V a r i a b l e  Nane 

NLAST i- 1 LABELS 20 * NRESP 

LgCRSP 
NRESP * NMTG 

L O  t NEX * NMTG 

L&IB 

LQCCB L&T :&! 1 cos t 
LbCUC -- CJt'" li 

NEXND * ND 

3 * NE o m i t t e d  if NE=O 

NMTG 

NA 

2 * h9 * NT 

3 * ND * hTESP 

3 * ND * NRESP 

20 

3 * N E * N D  

20 

3 * NT * ND * NRESP 

2 0 

3 * NT * NE * ND 

20 

3 * NA * NE * ND 

20 

Fig. 4 . 6 .  Laycjut of SAMBO A n a l y s i s  Blank Common S t o r a g e  Area 

\ 
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T a b l e  4.21. L o c a t i o n s  of A n a l y s i s  Arrays i n  B l a n k  Common 
-- ---- - 

Mnemomic 
V a r i a b l e  L o c a t i o n  i n  Blank Common 

Name BC(1)  or NC(1) P u r p o s e  

LABEL (J,NR) 

RES? ( I G , N R )  

EXTR. ( IG , NX) 

,XI (ID) 

YD (ID) 

ZD ( I D )  

RAD (ID) 

TO (ID) 

FACT ( I D )  

EXTR (ID,NXN) 

I B  (IE) 

EP (IE) 

DELE ( I E )  

IARR ( I E )  

I =  

I =  

I =  

I =  

I =  

I =  

I =  

I =  

I =  

I =  

I =  

I =  

I =  

I =  

NLAST + (NR-1)*20 + 
J = 1, 20 

L@CRSP + (KR-1) 
*h?lTG + IG 
L@CRSP + h?ESP*RlTG 
+ (hX-l)*WITG + IG 
LbCXD + ID 

LPCSD + 2*LB + ID 

Lf iC iD + 3*h3 ID 

L@CXD + 4*K9 + ID 

LOCXD + 5*hD + ID 

L@C:<D + 6*hB + 

LGCIB + I E  

( h i X - l ) * N D  + ID 

L@CIB + NE + I E  

LdCIF, + 2*SE + I E  

L W I B  + 3*SE + I E  

J 80- c h a  rac t e r 
H o l l e r i t h  l a b e l  
for e a c h  r e s p o n s e  
f u n c t i o n .  

V a l u e  of r e s p o n s e  
f u n c t i o n .  

E x t r a  a r r a y s  o f  
l e n g t h  h?lTG. 

x - c o o r d i n a t e  of 
d e t e c t o r  I D .  

y - c o o r d i n a t e  of 
d e t e c t o r  I D .  

;..-coordinate of  
d e t e c t o r  LD. 

D i s t a n c e  f r o n  
s o u r c e  (assumed 
to  b e  a t  XSI'KT, 
YSTRT, ZS'IXT) t o  
d e t e c t o r .  

Eiinimun f l i g h t  
t i m e  t o  d e t e c t o r .  

D e t e c t o r - d e p e n d e n t  
n o r n a l i z a t  i on .  

E x t r a  a r r ays  7f  

l e n g t h  S D .  

Energy  b i n  g r o u p  
number.  

Lower energ! of 
b i n .  

W i d t h s  of b i n .  

Key t o  c o r r c s p o n -  
d e n  c e b e  f we e n 
a n a l y s i s  g r o u p  
numbers  a n d  r a n -  
dom w a l k  g r o u p  
n u m b e r s .  

I 

-. , i 
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T a b l e  4 .21  (Cont'd.) 

Mnemon i c 
Variable Loca t ion  i n  Blank Common 

Name BC(1)  or  NC(1)  Pu rpose  

CbS (IA) I = LbCCd + TA Cos ine  of a n g l e  
b i n  l i m i t s .  

T (IT,l'D) I = LbCT $. (ID-l)*NT + I T  Time b i n  l i m i t s .  

DELT (IT,TD) I = LBCT + NDXNT t   ID-^) Widths  of time 
*NT + IT  b i n s .  

UD (NR,LD) I = LbCUD + (ID-l)*hllESP + hR U n c o l l i d e d  r e s p o n s e .  

SD ( N R , I D )  I -i L0CSU + (ID-l)*NRESP + NR T c t a l  r e s p o n s e .  

QE (IE,ID) I = LBCQE + (ID-l)*NE + I E  Energy-dependent 

QT (hX,IT,ID) I = LflCQT + (ID-l)*NTNR + Time-dependent 
(IT-.l)*NRESP + NR r e sponse .  

QTE (IT,TE,ID) I = LBCQTE + (ID-I)*NTNE Time and energy-  
+ (IE-l)*NT i- I T  dependent  f l u e n c e .  

QAE ( I A , I E , I D )  I = LbCQAE + (ID-l)*NANE Angle- and ene rgy-  
+ (IE-l)*NA + I A  dependen: f l u e n c e .  

f l u e n c e  . 

-- 
l ndex  Maximw Value Purpose  

NR NRESP Response f u n c t i o n .  

I G  NMTG Energy group. 

Nx NEX E x t r a  a r r a y  ( l e n g t h  N?tTC). 

I D  ND D e t e c t o r .  

NXN NEXND E x t r a  a r r a y  ( l e n g t h  ND). 

I E  NE Energy b i n  (one o r  more g r o u p s ) .  

I A  NA Angle bin. 

I T  XT Time b i n .  

--- - 

i 
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4.6.2.  Bookkeeping Routines 

Subrcutine WDRUN 

-i 
. '  

This routine js a dummy called by NRUN t o  provide s p e c i a l  problen- 

dependent output. 

, 
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Subrout ine ENRGYS (E, IB , ZP , DELE, I m )  
This rou t ine  is c a l l e d  by SCflRIN with  t h e  a r r ay  of upper l i m i t s  of 

energy groups, t h e  lower limits of the  last  primary and s e c o d a r y  energy 

groups,  and the  a r r a y  of des i r ed  b i n s  f o r  energy ana lys i s .  

up a r r a y s  of the  ene rg ie s  of t he  b i n  boundaries  and the  s ize  of each b i n ,  
and a key to t he  correspondence between a n a l y s i s  and random walk groups. 
Cal led by: SC0RIN 

Routines ca l l ed :  None 

Var iab les  required:  

It then sets 

E - NMTG (see page 4.3-1 ) values  of t h e  upper energy l i m i t s  

of each energy group. ( i npu t  on CARDS 1: s e e  page 4 . 3 - 4 )  

IB - NE values  of group numbers def in ing  the lower l i m i t  of 

each energy b i n  ( input  on CARDS HH, see p a w  4 .3 -15) .  

NE - t o t a l  number of energy b ins .  

"E 

NXGP 
" T G  
IADJM - f o r  def i l i i t io . is ,  see  c o m o ; ~  USER, page 4.6-7 . 
Ei30TG 
EB0TN 

- number of energy b i n s  for prinar). p a r t i c l e s .  

Var iab les  modified: 

EP - NE va lues  of  the ene rg ie s  c o r r e s p o n d i q  t o  loxer  edges 

of energy bins .  

DELE - :IE va lues  of t he  widths of the  energy b ins .  

EFIRST - upper energy of highest energy primary b i n  (o r  
secondary, i f  no pr imar ies ) .  

EGTgP 

If&R 

- upper energy of h ighes t  energy secondary b i n ,  i f  used. 
- NMTG values  vf a key t o  correspondence between a n a l y s i s  

group numbers and random walk group numbers. 

Commons required:  USER, PDET. 

i 
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Subroutine FLUXST (I,IG,FT~iM,~~GE,C~S,SWI'II~) 

ibis rou t ine  is giver, F L U X ,  a f luence  o r  cur ren t - l ike  es t imate  t o  

be  s to red .  

energy, age, and cosine of an angle  cha rac t e r i z fng  the  estimate. SWITCH 
i s  an i n t e g e r  spec i fy ing  which a r r a y s  are t o  b e  s to red  in .  

and C8S the  r o u t i n e  determines t h e  appropr ia te  energy, t i m e ,  and angle  

b i n s  ( ind ices  J ,  K ,  and L ) .  These ana lyses  are bypassed i f  NE, NT, o r  

NA, r e spec t ive ly ,  is zero.  I f  I G  o r  C@S are out  of the  allowed range, 

an e r r o r  c a l l  r e s u l t s .  I f  AGE i s  beyond the  t i m e  b i n  l i m i t s ,  the  last 
t i m e  b in  f o r  thRt de t ec to r  i s  extended t o  accommodate the  score  and 

cxecution cont inues.  

The parameters I, I G ,  AGE, and C@S represent  t he  pos i t i on ,  

Using IG, AGE, 

In  the  f luence-l ike a r r ays  (QE, QTE, and QAE) FLUX i s  s t o r e d  d i r e c t l y .  

I n  the  response a r r ays  (UD, SD, and QT) E'LUX*RE:SP(IG) is s t o r e d ,  where 

RESP(1G) r ep resen t s  each of t he  response functj-ons f o r  energy group IG, 

as input  by the  user .  

Cdlled from: User-estimating rout ine  

Routines ca l l ed :  

KELP (user-provided dunp subrout ine;  c a l l e d  i f  IG or C @ S  is out 

of t he  p o s s i b l e  range) .  

ERR@R (! ibrnry subrout ine) .  

Commons: Blank, USER, PDET. 

Variables  required:  

I - detecto: index. 

I G  - energy group. 
n UX 

AGE - chronological  age. 

(3.3 

SWITCP - i n t ege r  switch.  

- f luence-l ike estimate t o  be  s to red .  

- cosine of ang1.e of i n t e r e s t .  

> 0, stcre i n  a l l  re levant  a r r a y s ;  

= 0, s t o r e  i n  a l l  re levant  a r r a y s ,  except UD; 

< 0 ,  s t o r e  i n  a r r ay  UD only.  

- ( f o r  d e f i n i t i o n ,  see commn USER, page 4 . 6 - 7 ) .  KMTG I 

. p 

. ..;, 
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NA 
ND 
NE 
NT 
LgCT 
NANE 
NTNE 
m x  
LBCCB 
LBCIB 
LgCQE 
LQCQT 
LQCSD 
L B O  
NRESP 
LgCQAE 
LQCQTE 
L@CRSP 

for definitions,  see c o m n  PDET, page 4.6-9 . 

Significant internal variables: 

SCgRE (=FL.UX*RESP(IG)) 

Variables modified: 

Blank common arrays UD ( i f  SWITCH # 0: 
SD 

QE ( i f  NE > 0) 

QT (if XT > 0) 

QTE 

QPg, 

(if NE > 0 and NT > 0) 

( i f  NE > 0 and NA > 0) 

.. ._ . 
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t 
I. ,. * - Subroutine INSCflR 

This rodtine is  a dunmy c a l l e d  by SCBRIN t o  provide spec ia l  problem- 

dependent a n a l y s i s  input.  
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Subrout ine  NBATCH (NSQRC) 

T h i s  r o u t i n e  is c a l l e d  at  t h e  end of each b a t c h  t o  perform t h e  sums 

needed f o r  t h e  es t imated  means and f o r  c a l c u l a t i o n  of b a t c h  s ta t i s t ics .  

( I f  t h e  system is uiul t iplying,  b z t c h e s  become i n t e r p r e t e d  as g e n e r a t i o n s ,  

and s ta t is t ics  are the? based on m u l t i p l e  runs . )  

ba tches  of d i f f e r e a t  s i z e s  through t h e  argument NSgRC. 

the  summation of t h e  square  of t h e  accumulated e s t i m a t e  i s  d iv ided  by 

NSQRC, t h e  number of p a r t i c l e s  s t a r t i n g  t h e  Latch. 

w r i t e u p s  f o r  s t a t i s t i ca l  formulae.)  

Cal led  by: iJser at end of ba tch  (or run) .  

Routines c a l l e d :  None 

V a r i a b l e s  requi red :  

P r o v i s i o n  is  made f o r  

Because of h i s ,  

(See VAR2 m d  VAR3 

NSQRC - number of p a r t i c l e s  beginning t h e  batch (or  o t h e r  statis- 

t ica l ly- independent  grouping) .  

NA 
ND , , (  
YNE \ 
NDNR 

NTNE 

L'cQE 
LWQT 
LBCSD zzl i 
LQCUD 
NRESP 
LOCC'G 
L ~ ~ C Q T E  
NMEh9 
I4 TNDNR 
" E N D  

UD 

f o r  d e f i n i t i o n s ,  see comon I'DET, page 4.6-9 . 

Arrays i n  b lank  common, see Fig.  4.6 and Table  4.21. 
QT 
QTE 

/ \  
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Variables modified: 

SUD. SUD2 \ 
arrays of sums over a l l  batches a d  sums of squared 

batch estimates, see Fig. 4 . 6  and related text .  i SSD; SSD2 
SQE, SQE2 
SQT, 541’2 
SQTE, SClTE2 
SQAE,  SWE2 1 

Commons required: Blank, PDET 



i 
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Subrout ine  NRUN (NBATS, NRUNS) 

This  r o u t i n e  is c a l l e d  a t  t h e  end of each run  (cr t h e  end of a 

problem). 

with f r a c t i c n a l  s t a n d a r d  d e v i a t i o n s  (f .s .d.) .  

complicated because t h e r e  are no r e s t r i c t i o n s  on t h e  s i z c s  of t h e  s c o r i n g  

a r r a y s  packed i n  b lank  common. 

of an a r r a y  t o  p u t  on each page, etc. 
Cal led by: 

Roct ines  c a l l e d :  

The c a l c u l a t e d  q u a n t i t i e s  are normalized an6 o u t p u t ,  a l o n g  

Much of t h e  coding is 

NRlU must t h e r e f o r c  dec ide  which -art  

User upon problem completion. 

DATE ( A , I )  - a s u b r a u t i n e  ( s e e  S e c t i o n  4.4,  page 2 3  f o r  d e t t i i l c d  

d e s c r i p t i o n )  which r e t u r n s  a h o l l e r i t h  s t r i n g  i n  a r r a y  

A (I 4-byte words long) conta in ing  t h e  day of t h e  week 

arid t h e  da te .  

EEDRUN - a dum?’ subrout ine  c a l l e d  as t h e  last  s t e p  i n  NRUN which 

may b e  used t o  provide problem-dependent o u t p u t  not pro- 

vided b j  NRLM. 

HELPER? - a subrout ine  ( s e e  S e c t i o n  4 .8 ,  page ?3 for d e t a i l e d  

d e s c r i p t i o n )  used t o  output  a part .  of an s r r a y  i n  deci-  

mal form. It is  c a l l e d  by  NRUN t o  o u t p u t ,  i f  used,  t h e  

e x t r a  a r r a y s  s t a r t i n g  a t  LOCSI) + 6*ND + 1 i n  b l a n k  

common. 

INSERT? - l i b r a r y  s u b r o u t i n e  a t  Oak Ridge Nat iona l  Laboratory;  

used t o  insert  a h o l l e r i t h  s t r i n g  i n  another  s t r i n g .  
INTBCD? - l i b r a r y  s u b r o u t i n e  a t  ORNL; c o n v e r t s  a 4-byte i n t e g e r  

t o  a h o l l e r i t h  s t r i n g .  

- c a l c u l a t e  f . s .d . ’ s ;  see wr i teup ,  page 4.6-27-29) 
VAR3 

Variab les  requi red :  

NBATS - number of ba tches  completed. (Note t h a t  NITS i n  common 

USER is t h e  reques ted  number of b a t c h e s ,  n o t  n e c e s s a r i l y  

t h e  a c t u a l  number completed.) 

NRLJNS - number of runs  remaining p l u s  one,  o r  nega t ive  of  t h e  

nunber of runs completed when an  e x e c u t i o a  time k i l l  

occurs .  

~- 

+Not used by CDC-6600 o r  UNIVAC-I108 v e r s i o n s  of t h i s  subrout ine .  
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IO 
DFF 
1;J)JM - fo r  d e f i n i t i o n s ,  see cornion USER, page 4.6.7 . 
NLAST 
NSTRT 

E s s e n t i a l l y  a l l  v a r i a b l e s  i n  commOn PDET, page 4.6-9 . 
V a r i a b l e s  modif i c d  : 

SUD 

- t h e s e  a r r a y s  i n  blank common a r e  normalized and p r i n t e d .  SQT 
SQTE 
SQAE 

.;urJz 
SSDZ 
SQE 2 

SQTE2 \ 
SQAEZ 

- t h e s e  a r r a y s  i n  blank conimori are conve r t ed  t o  f.s.d.'s ! and p r i n t e d .  sq72 

Commons r e q u i ~  e d  : B1 dnK, . ' CR, PDET. 
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Subrou t ine  SCQRIN - 
This  r o u t i n e  is c a l l e d  by INPUT2 t o  i n p u t  d a t a  necessa ry  t o  d e f i n e  

che scope of t h e  a n a l y s i s .  

p r e p a r a t i o n  is a l s o  performed. 

a dummy r o u t i n e  f o r  i n p u t  of a d d i t i o n a l  problem-dependent d a t a .  

C a l l e d  by: INPUT2 

Routines  c a l l e d :  

Some i n i t i a l i z a t i o n  and p r o b l e n d e p e n d e n t  

As i ts  las t  s t e p ,  SCgKIN calls INSCQR, 

INSCbil - see above. 

ENRCYS - g i v e n  a r r a y s  of upper l i m i t s  of e n e r g i e s  of  groups (eV) 

and t h 2  d e s i r e d  b i n s  f o r  a n a l y s i s ,  sets up a r r a y s  of 

l i m i t s  of  b i n s  (eV) and t h e  s i z e  of a l l  b i n s .  

Comons: USER, PDET. 

The fo l lowing  d a t a  are read from c a r d s  by SCBRZN: 

CSRD AA (20A4)  

T i t l e  i n fo rma t ion  - w i l l  be  immediately out:put,. 

CARD BB ( l h 1 s )  

ND 
hWE 

NE 

NT 

KA 

NRESP 

NEX 

NEXND 

- number of d e t e c t o r s  (must be  2 1 ) .  

- number of primary p a r t i c l e  (neutron)  energy b i n s  t o  be 

used. 

- t o t a l  numter of energy b i n s .  

- number of time b i n s  f o r  each d e t e c t o r ,  (may be  n e g a t i v e ,  

i n  which case INTI v a l u e s  are to b e  r ead  and used f o r  

every d e t e c t o r ) .  

- number of a n g l e  b ins .  

- number of energy-dependent r e sponse  f u n c t i o n s  t o  b e  

used (must be  2 1). 

- number of e x t r a  a r r a y s  of s i z e  NMTG ( s e e  common USER 

w r i t e u p ,  page 4 .6 -7  ) t o  b e  set a s i d e  ( u s e f u l ,  f o r  

example, as a p l a c e  t o  s t o r e  an a r r a y  o f  group-to-group 

t r a ~ s f e r  p r o b a b i l i t i e s  - see RELCgL w r i t e u p  f o r  example).  

- nunber of e x t r a  a r r a y s  of s i z e  ND t o  be  set  a s i d e  (use- 

f u l ,  f o r  example, as 2 place t o  s t o r e  detector-dependent  

c o u n t e r s  - see BDRYX w r i t e u p  €o r  example). 

Note t h a t  if ND or NRESP 0 on i n p u t ,  t hey  w i l l  be  se t  t o  one. I f  NA o r  

NE 5 1, they w i l l  be set  t o  ze ro .  If NT = 2 1, i t  w i l l  be set t o  zero.  
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CARDS CC (3E10.4) (ND ca rds  w i l l  be r ead )  

x,y,z - d e t e c t o r  l o c a t i o n .  ( I f  o t h e r  t han  pcjint d e t e c t o r s  are 

d e s i r e d ,  t h e  p o i n t  l o c a t i o n s  must still  b e  i n p u t  and 

can b e  combined w i t h  a d d i t i o n a l  d a t a  b u i l t  i n  to  u s e r  

r o u t i n e s  t o  f u l l y  d e f i n e  each d e t e c t o r . )  

Note t h a t  t h e  d i s t a n c e  between t h e  above p o i n t s  and t h e  XSTRT. YSTRT, 

ZSTRT v a l u e s  and t h e  i n i t i a l  age. AGSTRT ( s e e  covmon YSER w r i t e u p ,  page 4 . 6 -  

7 )  w i l l  be used to  d e f i n e  t h e  lower l i m i t  of  t h e  f i r s t  t i ne  b in .  

CARD DD ( 2 0 A 4 )  

U n i t s  f o r  SUD and S S D  a r r a y  p r i n t o u t s .  

through 133 of t h e  t i t l e  f o r  t h e  p r i n t  of t h e s e  a r r a y s .  

CARD EE (20A4) 

I d e n t i f i c a t i o n  f o r  each response f u n c t i o n .  

in p r i n t o u t .  

CAKDS FF (7E10.4) 

Response f u n c t i o n  va lues .  

FF c a r d s .  

d e c r e a s i n g  ene rgy) .  

W i l l  b e  used i n  columns 54 

W i l l  b e  used as t i t l e  

NblTG v a l u e s  w i l l  bc read i n  each  s e t  o f  

I n p u t  o r d e r  is  from energy group 1 t o  NMTG ( o r d e r  of 

Note: Cards EE and FF are read in t h e  fo l lowing  o r d e r :  EE,TFl, ... FEU, 

EE,FFl,. ..FFN, etc.  

CARD GG ( 2 0 A 4 )  

Uni t s  f o r  t i t l e  of SQE a r r a v  p r i n t o u t .  

CARDS F3i (1415) (omit if XE 5 1) 

Energy grocp punhers  d e f i n i n g  lower l i m i t  of ertilrgy b l n s  ( i n  o r d e r  

of i n c r e a s i n g  group number). 

NGPQTN; t he  N R  e n t r y  must b e  set  t o  NMGP -t NGPQTG f o r  a combined 

problem, o r  else NGPQTG o r  NGPQTN. 

CARD I1 (20A4) (omit  i f  NT 1) 

Uni t s  f o r  t i t l e  of SQT a r r a y  p r i n t o u t .  

CARD JJ (20A4) (omit. i f  NT 

Units  f o r  t i t l e  o f  SQTE a r r a y  p r i n t o u t .  

CARDS KK (7E10.4) (omit i f  lNTl 1) 

NT v a l u e s  of upper l i m i t s  of  t i m e  b i n s  f o r  each  d e t e c t o r  ( i n  o r d e r  

of i n c r e a s i n g  t ine and d e t e c t o r  number). 

de t ec to ;  must s t a r t  on a new ca rd .  

NT i s  n e g a t i v e .  

(omit i f  SE 5 1) 

The NNE ( i f  > 0) e n t r y  must e q u l  

1 o r  NE 5 1 )  

TIie v a l u e s  f o r  each 

INTI v a l u e s  on ly  a r e  r ead  if 

They a r e  then  used f o r  every d e t e c t o r .  
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CARD T,L (20A4) (omit If NA 1) 
Units for t i t l e  of SQAE array prin’iout. 

CARD MM (7E10.4) (omit If NA 5 1) 
NA values of upper limits of angle bins (actual ly  cosine bins; 

NAth value must equal one). 
the 

’ \  
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- Subrou t ine  STBTCH (NBAT) 

The a r r a y s  used t o  acccmulate  e s t i m a t e d  q u a n t i t i e s  du r ing  a b a t c h  

are zeroed by this r o u t i n e .  

f i r s t  b a t c h  i n  a r u n  is abou t  t o  beg in ,  ~ l l  a r r a y s  are zeroed which 

accumulate estimates and squared estimates ove r  b a t c h e s .  

Ca l l ed  by: 

RouLines c a l l e d :  ERKeK (library) 
V a r i a b l e s  r e q u i r e d :  

I n  a d d i t i o n ,  if NaAT = 0 i n d i c a t i n g  t h e  

USE& i n  BAKKR u s u a l l y .  

NBAT - b a t c h  nunber less one. 

Most of t h e  v a r i a b l e s  i n  common PDET, see page 14-64. 

Var iab le s  nwdif i e d :  

Arrays i n  blank ccxmon, see Fig. 4.6 and Table 4 . 2 1 .  

Commons r equ i r ed :  Blanlc, PDET. 
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Subroutine STRUN 

This routine is cal led  at the beginnitg o f  each set of NITS batches 

and i.s normally used only for problems l i k e  time-dependent f i s s ion ing  

systems . 
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S u b r o u t i n e  VAR2 (SX, SX2, Ml, M2, NBA'I', NPART) 

This r o u t i n e  c a l c u l a t e s  v a r i a n c e s  and f . s . t I . ' s  f a r  b a t c h  s t a t i s t i c s  

a l l o w i n g  f o r  u n e q u a l l y  we igh ted  b a t c h e s .  The formrila f o r  v a r i a n c e  o f  

where N = number of b a t c h e s ,  

n = t o t a l  number of i r d e p e n d e n t  h i s t 3 r i e s ,  

ni = number o f  i ndependen t  h i s t o r i e s  i n  it11 b a t c h ,  

x i = accumula ted  estimate i n  ith b a t c h .  

Note t h a t :  
N 

N 

1=1 

- 
= L n . x  

n i i  

- 
where  x i s  t h e  mean, ave raged  o v e r  n h i s t o r i e s .  

The f r a c t i o n a l  s t a n d a r d  d e v i a t i o n  is  

- 
Note t h a t  t h e  r o u t i n e  m u s t  be c a l l e d  b e f o r e  t h e  a r r a y  SX (=nx) i s  nor-  

m a l i  zed.  

C a l l e d  from: KRbX 

Rout ines  c a l l e d  : SQRT ( l i b r a r y  f u n c t i o n )  , 
ABS ( l i b r a r y  f u n c t i o n ) .  

. -,.e.- .. ? , -  

I 
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Vaiiables  required: - N 
sx (1,~) - array oi values of nx = rtixi. 

S X ~  (I, J) - array cjf values of C nixi. 

M1 - maximum value of I subscript. 

M 2 - maximum value o i  J subscript. 

NBAT - N. 
NPART - n. 

Variables modified: 

i=1 

* 2  
i.:: 

SX2 (I, J) changed t o  f . s . d .  
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_- Subrout ine  VAR3 (SX, SX2, M1, M2, M3, NBAT, SPART) 

I d e n t i c a l  t o  VAR2 except t h a t  SX and SX2 are three-dimensional 
w i t h  dimensions M1, M2, a d  M3, r e s p e c t i v e l y .  

. 
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Tab le  -4.22. BANKR Arguments 

BANKR 
Argument Ca l l ed  From 

~~~ 

Loca t ion  of c a l l  i n  walk 

-1 

-2 

-3  

- 4  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 3  

M0Rs E 

MgRSE 

P.l@RSE 

>@RSE 

MS0UR 

TESTW 

F P R ~ B  

CST@RE 

MaRS E 

F1dK.C. G 

NXTC0L 

N X T C ~ L  

P@RS E 

NORSE 

TESTW 

TESTW 

GSTdRE 

A f t e r  c a l l  t o  INPUT - t o  s e t  pa rame te r s  
f o r  new problem. 

A t  t h e  beginni.ng of each b a t c h  of NSTRT 
p a r t i c l e s .  

A t  t h e  end of each b a t c h  of NSTRT p a r t i c l e s .  

A t  t n e  end of each set of NITS b a t c h e s  - 
a new problem is about  ta beg in .  

At a s o u f i e  e v e n t .  

A f t e r  a s p l i t t i n g  has  occrrrred. 

A f t e r  a i i s s i o n  has occurred. 

A f t e r  a secondary p a r t i c l e  has been 
generated.  

After  a r e a l  c o l l i s i o n  has  occur red  - 
p o s t - c o l l i s i o n  Farameters  a r e  a v a i l a b l e .  

A f t e r  an a lbedo  c o l l i s i o n  has  occur red  - 
p o s t - c o l l i s i o n  p a r z e t c r s  a r e  a v a i i a l j l e .  

A f t e r  a boundary c r o s s i n g  o c c u r s  ( t h e  
t r a c k  has encouncered a new geometry medium 
o t h e r  t han  t h e  a lbedo  o r  void n e d i a ) .  

A f t e r  a n  e scape  o c c u r s  ( t h e  geometry has 
encountered medium 7 . ro ) .  

A f t e r  t h e  p o s t - c o l l i s i o n  energy group exceeds 
t h e  naxipum d e s i r e d .  

A f t e r  t h e  maximum c h r o n o l o g i c a l  age has  
been exceeded. 

A f t e r  a Russian r o u l e t t e  k i l l  o c c u r s .  

A f t e r  a Russian r o u l e t t e  s c r v i v a l  o c c u r s .  

A f t e r  a secondary p a r t i c l e  h a s  been gener- 
a t e d  bu t  no room i n  t h e  hank is  a v a i l a b l e .  
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I 4 . 6 . 3 .  I n t e r f a c e  R o u t i n e s  

S u b r o u t i n e  BANKR (hBNKID) 

The f u n c t i o n  o f  BANKR i s  t o  ca l l  a n a l y s i s  a 4 d i a g n o s t i c  s u b r o u t i n e s  

as s p e c i f i e d  by t h e  u s e r .  

a n a l y s i s  module are de te rmined  by t h e  i n d e x  NBNKID. 

BANKR ( - 4 )  c a l l s  NRLJ"  BANKR (-3) c a l l s  NBATCH: BANKR (-2) c a l l s  

STBTCH: BANWKR (-1) c a l l s  STRLX and HELP. Also, i f  t h e  u s e r  i s  u s i n g  a 

boundary c r o s s i n g  e s t i m a t o r ,  BrLiR (L) c a l l s  SDATA: 

BDRYX wl t i lc  any o t h e r  v a l u e s  of NENKtD r e s u l t  i n  a r e t u r n .  

c a l l e d  w i t k  a s  many as 1 7  v a l u e s  of t h e  a r g w w n t  i n d e x  t o  d i r e c t  t h e  

a n a A j s i s .  I t  shou ld  b e  n o t e d  t h a t  n o t  a11 t h e  BANKR ca l l s  l i s t e d  i n  

T a b l e  4 . 2 2  a r e  a c t u a l l y  p r o x r a m e d  i n  t h e  code. 

t h e s e  c a l l s  f o r  h i s  s p e c i a l  purposes .  

to  c a l l  t h e  p r o p e r  r o u t i n e s  to  a n a l y z e  t h e  c o l l i s i o n  t y p e s  1 t!krough 1 3  

t h a t  he 1:s i n t e r e s t e d  i n .  

The p a r t i c u l a r  s u b r o u t i n e s  c a l l e d  i n  t h e  

I n  most problems:  

and B A "  (7)  c a l l s  

B X K R  may b e  

The u s e r  may have  to  add 

The user a l s o  must rcvi, :  BAYKR 

A v e r s i o n  of B.'&!X t h a t  wr i tes  a c o l l i s i o n  t a p e  s imi l a r  LO t h a t  

w r i t t e n  by @5R is  a l s o  a v a i l a b l e .  

may b e  w r i t t e n  07 t h e  t a p e  f o r  e a c h  of  :he 1 3  t y p e s  of e v e r i t s .  

o f  t h e  t c w r i t i n g  v e r s i o n  of B(\NKR i s  n o t  encouraged  b u t  i t  is p r o v i d e d  

for t h a t  o c r a s i o n o l  c i r cums tance  w1~cZ-j . t  i s  advan tageous .  

C a l l e d  from: MSOUR, FPRdB, ?l$RSE, NXTCgL, TESnJ, GSTdRE 

S u b r o u t i n e s  c a l l e d :  STKUN, STBTCH, NBATCII, NRVN, HELP, SDAIX, BDRYX, 

There  a r e  36 p o s s i b l e  v a r i a b l e s  t h a t  

The USE 

-- 

REI,CQL, t t c  . 
Commons r c q u i  red :  

NBNKTD - a n  i n d e x  ti:iich i d e n t i f i e s  t h e  t y p e  of c o l l i s i o n  anL/or 

s u b r o u t i n e  c a l l e d  (NBNI'.ID = - 4 ,  -3 ,  -2 ,  -1, 1, 2, ... 13; 
see e x p l a n a t i o n  o f  commun AP0LLq - T a b l e  4 . 4  t o  leclru 

what c o l l i s i o n  t y p e s  1-13 a r e ) .  

N 1TS - n*mber of b a t c h e s  t o  b e  run .  

ITERS - number of b a t c h e s  b h i c h  remain t o  b e  p r o c e s s e d .  

N Q U I T  - number of runs  r ema in ing  p l u s  one ( se t  t o  nega t i s .c  o f  

t h e  nuinbcr of r u n s  comple ted ,  when a n  c x e c u t i o n  t i m e  

k i l l  o c c u r s ) .  
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NMEM - number of particles which remain to be processed i n  a 

given batch . 
Significant internal variables: 

"BAT - t h e  batch number less one. 

NSAVE - the number of particles starting the currect hatch. 
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4 . 6 . 4 .  Sur fdce -Cross ing  Estimators 

I n  many problems,  t h e  d e s i r e d  b a s i c  qu ,a i j t i ty  is a p a r t i c l e  f l u e n c e  

avezaged  o v e r  a s u r f a c e .  

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

between t h e  p a r t i c l e  t r a c k  and  t h e  s u r f a c c  normal.  The estimate to  t h e  

a v e r a g e  f l u e n c e  i s  t h e n  t h e  sun of t h e  scores d i v i d e d  Dy t h e  area of t h e  

s u r f a c e  c o n s i d e r e d .  

A common p r o c e d u r e  is to  s c o r e  t h e  w e i g h t  of 

I t  i s  w e l l  known t h a t  t h e  g r a z i n g  a n g l e s  i n  t h i s  p r o c e d u r e  r e s u l t  

i n  an  i n f i n i t e  v a r i a n c e .  

duce  h i g h e r  o r d e r  e f f e c t s  i n  v a r i a n c e  than  i n  f l u e n c e ,  t h e r e b y  j o s t i f y i n g  

a n  exc luded  band of a n g l e s  n e a r  g r a z i n g  a l o n g  w i t h  a n o n s t o c h a s t i c  es t i -  

mate o f  t h e  exc luded  component. 

p rocedure ,  based  on C l a r k ' s  d e r i v a t i o n ,  fo.l lcws. 

Clark" showed t h a t  t h e s e  g r a z i n g  a n g l e s  pro- 

A b r i e f  j u s t i f i c a t i o n  of R r e a s o n a b l e  

D e f i n i n g ,  at n p a r t i c u l a r  p o i n t  on t h e  s u r f a c e ,  n, t h e  normal t o  

the  s u r f a c e ,  

$(w),  t h e  f l u e l i c e  p e r  s t e r a d i a n  i n  d i r e c t i o n  w, and 

11 = w a n ,  t h e  c o s i n e  of t h e  a c g l e  between w and n ,  

t h e  f l u e n c e  a t  t h i s  p o i n t  is 

( I f  t h e s e  q u a n t i t i e s  v a r y  o v e r  t h e  s u r f a c e ,  t h e y  must b e  ave raged  o v e r  

t h e  s u r f a c e  to o b t a i n  the des i red  q u a n t i t y . )  

S i n c e  t h e  par t ic le  w e i g h t s  c r o s s i n g  t h e  s u r f a c e  i n  t h e  Xonte Carlo 

are sampl ings  from t h e  a n g u l a r  c u r r e n t ,  p Q ( u ) ,  i t  is  c l e a r  from t h e  above  

e q u a t i o n  t h a t  l / u  i s  a v a l i d  e s t i m a t o r  f o r  t h e  f l u e n c e .  

The v a r i a n c e  of t h e  1/;1 estimate of f l u e n c e  i s  
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where 

1 
j = 2r;/ p@(p)dp 

0 
( t h e  t o t a l  c u r r e n t ) .  

Consider ing a si rcple  l i n e a r  a n g u l a r  f l u x ,  

and 

the  

and 

I f ,  

exc lud ing  t h e  range 0 < < E from c o n s i d e r a t i o n ,  one may o b t a i n  f a r  

expected v a l u e  of t h e  f l u e n c e  estimte 

f o r  t h e  dominant term i n  t h e  v a r i a n c e ,  

i n  o r d e r  t o  e sc ima te  t h e  excluded c o n t r i b u t i o n ,  one assumes a conscant  

angu la r  f l u x  i n  t h e  excluded r ange  (go = 11271 and g L  = 0 ) ,  then t h e  mea.: 

f l uence  excluded i s  

However, if t h e  c o n s t a n t  a n g u l a r  f l u e n c e  assumption i s  wrong, and i n  

a c t u a l i t y  h a s  no c c n s t a n t  t e r m  (go = 0 and gl = 1/111, t h e  mean f l u e n c e  

excluded is  
r 

Thus, i n  t h i s  sample t h e  e s t i m a t e d  f l u e n c e  w i l l  tend t o  l-~'+c r a t h e r  

than 1. ir. most p r a c t i c a l  c a s e s  a n  e r r o r  of  t h i s  magnitude is q u i t e  

a c c e p t a b l e  and i n s u r e s  a f i n i t e  v a r i a n c e  

As zAi alternate procedure t o  s imply add ing  E t o  t h e  e s t i m a t e d  

answer t o  c o r r e c t  f o r  t h e  excluded band, one may s c o r e  t h e  expected 

v a l u e  of 1 / p  for every occur rence  o f  p < ~ .  

f luence  i n  0 < p < E is assumed, t h e  p .d . f .  of a r r i v a l s  i s  2p/c2: 

expected v a l u e  of 1/11 is  then  

I f ,  a g a i n ,  a constar. t  a n g u l a r  

The 
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This i s  t h e  t e c h n i q u e  a c t u a l l y  used i n  t h e  s u r f a c e - c r o s s i n g  r o u t i n e ,  

BDRYX, d e s c r i b e d  below. BDKYX i s  i n t e n d e d  to b e  c a l l e d  f rom t h e  rdndom 

walk module a t  e v e r y  e n t r y  o f  a p a r t i c l e  t r a c k  i n t o  a d i f f e r e n t  geometry 

medium. $DATA is t o  be c a l l e d  far e v e r y  s o u r c e  e v e n t .  Both  of t h e s e  

r o u t i n e s  i n t e r f a c e  t o  t h e  bookkeeping  package t h r o s g h  t h e  r o u t i n e  F L U S T ,  

which s t o r e s  e a c h  estimate i n  t h e  p r o p e r  l o c a t i o n s .  
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Subroutine BDRYX 

This  rou t ine  is c a l l e d  whenever t h e  geometry t r ack ing  rou t ines  

encounter a change i n  media. 

corresponds t o  a de tec to r  pos i t i on ,  t he  r ec ip roca l  of t he  cos ine  of 

the  angle  from t h e  r ad ius  vec tor  t o  t h e  p a r t i c l e  d i r e c i i o n  is used as 
a f luence  estimate. 

appropr ia te  a r r ays .  

Called by: 

I f  t he  source- to-col l is ion d i s t ance  

FLUXST is  c a l l e d  t o  s t o r e  the  estimate in t he  

User a t  medim boundary i n t e r s e c t i o n s  ( . in Subroutine BANKR 

when NBNKID = 7) o r  i n  some ins t ances  when a p a r t i c l e  

e x a p e s  ( i n  Subrout ine BNTiZR when NBIKLD -r 8) .T 

Roiltines ca l l ed :  

ERR0R - ( l i b r a r y ) .  

A X  - ( l i b r a r y  func t ion) .  

HELP - a d.mp subrout ine  ( see  Sec t ion  4 .8 ,  page 11 f o r  

deca i led  desc r ip t ion ) .  

FLUXST 
Variables  required:  

X,Y, 2. 
ND - ;lumber of de t ec to r s .  

LdCXD 

- boundary c ross ing  position. 

- l oca t ion  of c e l l  zero i n  b k n k  cc)m.icm of the d e t e c t c r  

pos i t i ons .  

U,V,W - p a r r i c l e  d i r e c t i o n  vec to r .  

WATJ3 - cur ren t  p a r t i c l i  weight.  

S ign i f i can t  i n t e r n a l  var iab les :  

R2 1 
R2 - 99X of R i l .  

R2 2 - 101% o f  R21. 

c0s 

- r a d i a l  d i s t ance  t o  boundary c ross ing .  

- cosine of angle  between p a r t i z l e  d i r e c t i o n  an2 r ad ius  

vec tor .  

ABC - AJJS(C0S). 

C0N - f luence estimate. 

Commons: Blank, USER, NUTRgN, PDET. 

?In the  escape case,  WTBC must be used i n  p l ace  of \{ATE. 



S u 3 r o u t i n e  SDATA 

C a l l e d  from t h e  walk module € o r  each s o u r c e  c o l l i s i o n ,  t h i s  r o u t i n e  

c a l c u l a t e s  u n c o l l i d e d  f l u e n c e  f o r  each  d e t e c t o r .  The v e r s i o n  d e s c r i b e d  

heee  assumes a n  i n f i n i t e  medium, b u t  g e n e r a l i z a t i o n  is siniple  ( i d e n t i c a l  

t o  p o i n t  d e t e c t o r  SDATA). 

provided f o r  u n c o l l i d e d  q u a n t i t i e s .  

Rout ines  c a l l e d :  

FLUXST s t o r e s  t h e s e  estimates i n  t h e  a r r a y s  

Ern - ( l i b r a r y  f u n c t i o n ) .  

NSIGTA 

FLU'ST 

. ( p r o v i d e s  TSIC, g iven  I G  and N X D  - see belo;?) .  

V a r i a b l e s  r e q u i r e d :  

I G  - energy group index .  

X E D  - niedium number. 

TSIG - rnacrcircopic t o t a l  c r o s s  s e c t i o n  provided b y  NSlGTA.  

ND - number of d e t e c t c r s .  

LVCXD - l o c a t i o n  of ce l l  z e r o  i n  b l ank  coxxm cf d e t e c t o r  

p o s i t i o n s .  

WhTE - neu t ron  weight .  

Commons: B!.ank, PDET, USER, NU' iRgN.  
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4.6 .5 .  P o i n t  De tec to r  E s t i m a t o r s  

It i s  f r e q u e n t l y  d e s i r a b l e  t o  use  Monte C a r l o  t echn iques  t o  es t imte  

p a r t i c l e  f l u e n c e ,  or a f l u e n c e - l i k e  q u a n t i t y ,  a t  i3 p o i n t  i n  space.  The 

b a s i c  method d e s c r i b e d  h e r e  is t h e  "next-event" e s t i m a t o r  which s c o r e s ,  

from each c o l l i s i o n  p o i n t ,  t h e  p rob : ib i l i t y  o f  t h e  n e x t  even t  b e i n g  a t  
t h e  d e t e c t o r .  The t h e o r e t i c a l  b a s i s  of  t h e  t echn ique  i s  reviewed b r i e f l y .  

The random walk p r o c e s s  i n  a Monte. Ca r lo  code g e n e r a t e s  a sequence 

of c o l l i s i o n s  which are samples from t h e  e v e n t  d e n s i t y  p.d.f. E(x) ds- 

f i n e d  by 

E(x) = S(x) + E(yjK(y,x)dy, (4.1) 

where S(x) is  t h e  p.d.f .  of par t ic le  b i r t h s ,  K(y,x) is  t h e  c o n d i t i o n a l  

p .6 . f .  of e v e n t s  a t  x,  g iven  t h a t  an event  o c c c r r e d  a t  y,  and x and y 

are p o i n t s  i n  phase space.  

I f  S(x)  and K(y,x) are given i n  terns of the c o c r d i n a t e s  of  p a r t i c l e s  

e n t e r i n g  an even t  ( c o l l i s i o n  or b i r c h ) ,  t h m  the f l u x  a t  a p o i n t  (r) can 

be  given by 

( 4 . 2 1  1 @(L) = I d v '  Id.' /dv J@E(r',v,C) R ; v  

where E(2' ,v,g)dT'Cv&L i s  t h e  d e n s i t y  of p a r t i c l e s  e n t e r i n g  c o l l i s i o n  

i n  v o l m e  dy' w i t h  speed i n  dv and d i r e c t i o n  i n  (bi, p(V,v) i s  the  prob- 

a b i l i t y  pe r  s t e r a d i a n  of s c a t t e r i n g  a p a r t i c l e  of speed v through an 

a n g l e  COS p ,  V' is  t h e  ou tgo ing  speed,  and C(v ' )  i s  t h e  t o t a l  macroscopic 

c r o s s  s e c t i o n  f o r  speed v ' .  

I ( v ' ) l ~ - ~ ' l  i s  r ep laced  by t h e  t o t a l  number o f  mean f r e e  p a t h s  between 

- r '  and i. 

-1 

I f  more than one medium i s  p r e s e n t ,  

S ince  t h e  random walk g e n e i a t e s  s e l p c t i o n s  from E @ ,  e s t i m a t e s  t o  

@(x) may be ob ta ined  by e v a l u a t i n g  t h e  q u a n t i t y  i n  b r a c k e t s  a t  a l l  

c o l l i s i o n  s i t e s  5. 

D e s c r i p t i o n s  of s u b r o u t i n e s  SDATX and RELCflL, u s i n g  t h e  next-event  

e s t i m a t o r  t o  sccre from source  a n d - c o l l i s i o n  e v e n t s ,  r e s p e c t i v e l y ,  

fol low.  
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Subrou t ine  RELCdL 

The f l o e n c e  estimate, from. t h e  normal c o l l i s i o n s  i n  RELCgL, is 

given by 

- W A T E o e ~ G o r ( C ~ S S C T , I r )  ( 4 . 3 )  
R2 

where WATE is  t h e  s t a t i s t i ca l  weight of t h e  p a r t i c l e  l e a v i n g  the  c o l l i s t o n ,  

XRG is  t h e  n e g a t i v e  of t h e  number of mean f r e e  p a t h s  from c o l l i s i o n  t o  

d e t e c t o r ,  R i s  t h e  d i s t a n c e  from c o l l i s i o n  t o  d e t e c t o r ,  p(C’$SSCT,Ia) i s  

t h e  p r c b a b i l i t y ,  per  sLe rad ian ,  f o r  a p a r t i c l e  w i t h  energy i n  the  incoming 

group I G Q  s c a t t e r i n g  tu a lower energy group through a n g l e  COS (C0SSCT) 

and C@SSCT i s  t h e  c o s i n e  o f  t h e  a n g l e  between t h e  incoming d i r e c t i o r i  and 

t h e  l i n e  from tire c o l l i s i o n  s i t e  to t h e  d e t e c t o r .  Xote t h a t  an a r r a y  i s  

gene ra t ed  bv PTHETX which g i v e s  t h e  p r o b e b k l i t y ,  ?er s t e r a d i a n ,  of 
-1 

s c a t t e r i n g  from group  If& t o  grciips IG0 t o  IGQUIT through an ang le  cos 

(TIIETA) . 
Cnlled by: 

Routines c a l l e d :  

-1 

User a t  r e a l  c o l l i s i o ? s  ( i n  Subruvi t ine  E;L\;KR when SSXKID = 5 ) .  

SQRT - ( l i b r a r y  f u n c t i o n ) .  

?THETA - c s l c u i a t e s  a r r a y  p ,  d e f i n e d  above. 

EUCLZD - dtLermines AKG. 

N S I G T A  - determines t o t a l  c r o s s  s e c t j o n .  

FLUXST 

Var i ab le s  r equ i r ed :  

X.Y,  2 - c o l l i s i o n  s i t e .  

IG$ 
L0CXD 

- incoming ene rgy  group index.  

- l o c a t i o n  i n  b l a n k  common of c e l l  zero of d e t e c t o r  

p o s i t i o n .  

ND - number of d e t e c t o r s .  

NMED - medium of X , Y , Z .  

NEfL‘G - nvmber of  energy groups.  

\,!ATE - s t a t i s t i c a l  weight l e a v i n g  X,Y,Z. 

AGE 

N E X  

- chrono log ica l  age a t  X,Y,Z. 

- must %e 2 1 s i n c e  an a r r a y  of t h i s  s i z e  is r e q u i r e d  f o r  

t h e  p r o b a b i l i t i e s  c a l c u l a t e d  Ly PTfiETh. 

Commons r equ i r ed :  Blank, USER, PDET, NUXRGN. 
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Subroutine SDATA 
Estimates of f luence  a t  seve ra l  po in t  I c t e c t o r s  are made for  each 

source event.  

a t  the  poin t  X , Y , Z .  

The. source is assumed t o  emit i s o t r o p i e a l l y  and is loca ted  

The con t r ibu t ion  is 

(WATE) eARG 
2 OlTR 

where WATE i s  the  statistic'zl weight of the  source p a r t i c l e ,  

ARG is the negat lve of the  oumber of mean f r e e  pa ths  f ro= source 

t o  de t ec to r ,  

R is t he  d is tance  from source t o  de t ec to r .  

Called by: 

Routines ca l led :  

User a t  source events  ( i n  Subroutine BANKR when " R X D  = 1). 

EUCLID - Routine which determines ARG. 

FLUXST 

E XJ - ( l i b r a r y  f m c t i o n )  . 
SQRT 

Variables  required:  

ND - ntzabet of de t ec to r s .  

LWXD - l o c a t i o n  of c e l l  zero i n  blank common of de tec to r  

pos i t ions .  

IG - energy group index. 

Commons: Blank, USER, FDET, NUTRQX. 
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4.7. CC - THE COMBINATORIAL CEOXETRY MODLTE 

4.7.1. Body Tyeez 

Combins to r i a l  geometry (CG) d e s c r i b e s  g e n e r a l  t h r e e  dimensional  

material c o n f i g u r a t i o n s  by c o n s i d e r i n g  unions,  d i f f e r e n c e s ,  and i n t e r -  

s e c t i o n s  o f  7imple b o d i e s  such as s p h e r e s ,  boxes, c y l i n d e r s ,  etc. 

I n  e f f e c t ,  t h e  geomet r i c  d e s c r i 2 t i o n  s u b d i v i d e s  t h e  problem space  i n t o  

unique zones.* Eacn zone i s  t h e  r e s u l t  of combining one or wre o f  t h e  

f o l l o w i n g  g e o u e t r f c  bod ie s .  

1. Rec tangu la r  P a r a l l e l e p i p e d  (WP) 
2 .  Box (An W P  randomly o r i e n t e d  i n  space)  

3.  Sphere 

4 .  Right  C i r c u l a r  Cy l inde r  

5 .  Right  E l l i p t i c ~ l  Cy l inde r  

6 .  Truilcated Right k r ~ g l e  Cone 

7 .  E l l i p s o i d  

8. Right Ar.gle Wcdgc 

9 .  A r t i t r a r y  Convex Polyhedron of 4 ,  5 ,  c r  0 : ; ides  

Bodv rypes 2-9 may b e  a r b i t r a r i l y  o r i e n t e d  wr th  r e s r e c t  t o  t h e  X, 

y, z c o o r d i n a t e  axes used t o  de t e rmine  t h e  space.  Body 1, J spec ia l  

body d e s c r i b e d  be loQ,  m u s t  have s i d e s  which 2 r e  p a r s l l e l  t o  tile coordi?-  

a t e  axes.  

4.7.2.  Pn_t_l--oduction_ 

The b a s i c  t e c h n i q w  for :he d e s c r i p t i o n  of t h e  geometry c o n s i s t s  of 

d e f i n i n g  t h e  l o c a t i o n  and shape  of t h e  v a r i o u s  z o n e s  i n  tenas of t h e  

i n t e r s e c t i o q s  and unions of  t he  geonretric bod ie s .  X s p e c i a l  o p e r a t o r  

n o t a t i o n  i ’ ivolving t h e  symbols (+), (-), and (OR) is used to dc?scr ibe 

t h e  i n t e r s e c t L o n s  and unions.  These symbcla are used by ttle program to 

c m s t r u c t  i n fo rma t ion  r e l a t i n g  m3terial d e s c r i p t i o n s  t o  t h e  body d e f i n i -  

t i o n s .  

*TO avo id  confusion between importance r e g i o n s  and combinator.!sl  geometry 
r e g i o n s ,  w e  d e p a r t  from p r e v i o u s  c o m b i n a t o r i a l  geometry d e s c r i p t i o n s  
and u s e  t h e  term zone t o  i n d i c a t e  a c o m b i n a t o r i a l  gecgmetry region whick 
is  d e s i g n a t e d  by t h e  v a r i a b l e  I R .  
importance r eg ion .  Thus t h e  zone i n d e x  i s  T R .  

The term r e g i o n  i s  r e s e r v e d  f o r  an 
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If 3 Lody appea r s  i n  a zone d e s c r i p t i o n  v i t h  (+) o p c r a t o r ,  i t  

m e a n s  t h a t  thc zone being. d e s c r i b e d  is wholly c.cnt.rrined .In t h e  bodv. 
a body a p p e a r s  i n  a zone descr:.ption w i t h  a t - ;  q p e r a t o r ,  i t  means t h a t  

the zone b e i n g  d e s c r i b e d  is Utiolly o t i t s ide  t h e  body. I f  t h e  body appea r s  

w i t h  a11 ($3) o p e r a t o r ,  i t  means t h a t  t h e  zone k r r n g  d e s c r i b e d  i n c l u d e s  

a l l  p o i n t s  i n  t h e  body. In 

some i n s t a n c e s ,  a ZOPB may b s  l e s c r i b e d  i n  t e r s  of subzones l u p e 2  to- 

g e t h e r  by (@R) s t a t e m e n t s .  

t h e  zone i s  formed by a ucion of t%ese subzones. Wnen (0K) o p e r a t o r s  

are used t h e r e  are always two o r  EGE of them, and t h e y  r e f e r  t o  a l l  body 

numbers fo l lowing  them, e i t h e r  (+) o r  (-). That is, al.1 body nunbers  

between "@R's"  o r  w.til t h e  end of the. zone c a r d s  for t h a t  z fne  are - 
i n t e r s e c t e d  t o g e t h e r  b e f o r e  OR's are perfcrmed. 

If 

OR may he cons ide red  as a union o p e r a t o r .  

Stbzones are formed as i n t e r s e c t s  and then  

Techniques f o r  d k s c r i b m g  a p a i t i c u l a r  g d m e t r y  are b e s t  i l l u s t r a t e d  

by examples. 

shown i n  F ig .  4.7. To d e s c r i b e  t h e  or , ject ,  one rakes a s p h e r i c a l  body 

(2) p e n e t r a t e d  by a c y l i n d r i c a l  body (3) ( s e e  Fig .  4.7). I f  the matcr;;ls 

i n  t h e  sphere and c y l i n d e r  a r e  t h e  saint?, t hen  they can be cons ide red  as  

one zone, say zone I (Fig. 4.7~). The d e s c r i p t i o n  of ;:one 1: would b e  

Consider an cbjcct cornposed of a snhe re  and a cylinder as 

I = OR -t. 2#R + 3. 

This means t h a t  a p o i n t  is i n  zone I i f  i t  is e i t h e r  i n s i d e  body 2 Er. 
i n s i d e  body 3. 

If d i f f c r c n t  m a t e r i a l s  are used i n  the sphere and cylinder, then 

t h e  sphe re  w i t h  a c y l i n d r f c a l  h o l e  i n  i t  would b e  g iven  a d i f f c r e n t  zone 

number ( s z y  J) f r o 3  t h a t  of t h e  c y l i n d i r  (K) . 
The d e s c r i p t i o c  of z o n e ' J  w m l d  be  (Fig.  4 . 7 d ) :  

J = + 2  - 3.  

This means t b t  p o i n t s  i n  zone J are a l l  t h o s e  p o i n t s  i n s i d e  body 2 

which a r e  not i n s i d e  body 3. 

Tie d e s c r i p t i o n  of zone K is simply (Fig.  4.7e): 

K = +3. 

That is, a l l  p o i n t s  i n  zone R l i e  i n s i d e  body 3. 
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'ORNL- DV13 ? A -  6760  

Fig. 4.7. E x s n p l e s  of Conb ina to r i a l  Geometry Xethod.  
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Combinations of more than two b o d i e s  and s i m i l a r  zone d e s c r i p t i o n s  

It is im- could c o n t a i n  a long  s t r i n g  of (+I, (-), and (@R) o p e r a t o r s .  
p o r t a n t  however t o  remember t h a t  every  s p i t i a l  p o i n t  i n  t h e  geometry 

must b e  l o c a t e d  in one and o n l y  one zone. 

As a more complicated examplz of t h e  use of; t h e  (OR) o p e r a t o r ,  

cons ider  t h e  system shown i n  Fig. 8 c o n s i s t i n g  o f  t h e  shaded zone A and  

the  unshaded zone B. 

bodies  1 and 3, and t h e  RCC, body 2. 
These zones can be descr ibed  by t h e  two BgX's, 

The zone d e s c r i p t i o n  would be 
A = +I +? 

and 

B = @R + 3 - 10R + 3 - 2. 

Notice t h a t  t h e  f lR o p e r a t o r  r e f e r s  t o  all fol lowing body nuzbers u n t i l  

t h e  next  5 X  operator i s  reached. 

ORNL- DWG 74  - 6761 
r -- 

/ ---. 2 
\ 

Fig. 4.8. Use of 0k Operators .  

I P 

\ 

. . . .  
I .  . I . . _ * ,  
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The geometry must be s p e c i f i e d  by e s t a b l i s h i n g  two t a b l e s .  The 

f irst  ts:)le d e s c r i b e s  t h e  type  and l o c a t i o n  of t h e  set of b o d i e s  used i n  

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

zones i n  terms of t h e s e  bod ies .  The input; r o u t i n e  p r o c e s s e s  t h e s e  t a b l e s  

t o  put  t h e  d a t a  i n  t h e  form r e q u i r e d  f o r  r ay  t r a c i n g .  

t r a c i n g  r o u t i n e s  cannot  t r a c k  a c r o s s  t h e  outermost  body, a l l  of t h e  zones 

must b e  w i t h i n  a su r round ing  e x t e r n a l  vo id  so t h a t  a l l  e scap ing  p a r t i c l e s  

are absorbed. T h i s  geometry 

package i s  i n  d o u b l e  p r e c i s i o n  on t h e  IBM-360 s y s t c q  b u t  remains i n  s i n g l e  

p r e c i s i o n  on UN1VP.C-1108 and CDC-6600 v e r s i o n s .  Because o €  the  change i n  

p r e c i s i o n ,  v a r i a b l e s  iz commons PXEM and  ORGI had to  be r eo rde red  i n  t h e  

IBP1-360 vers ion .  

The second t a b l e  i d e n t i f i e s  t h e  p h y r i c a l  

Because t h e  r a y  

A l s o  no p o i n t  may b e  i n  more than one  zone. 

4 . 7 . 3 .  D e s c r i p t i o n  of Z C ? * ~  Yvpes 

The i n c o m a t i o n  r e q u j r e d  t a  speciEy eacn t j y  of body i s  as  

fo l lows :  

a. R e ~ t a n g u h r  P c i r . 2 ~ l e & ~ i p e d  (RPP)  

S p e c i f y  t h e  minimum and m ; x i m u m  v;ilues of t h e  x, v ,  and z 

c o o r d i n a t e s  which  bound tlie p a r a l l i  l e p i p e d .  

ORNL- D W G  74 -  6 7 6 2  

2 
A 

Fig .  4.9.  Rec tangu la r  P a r a l l e l e p i p e d  (WP) . 
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b. Sphere (SPH) 

S p e c i f y  t h e  v e r t e x  1 a t  t h e  c e n t e r  and t h e  scalar, R, 

deno t ing  t h e  r a d i u s .  

O R N L -  DWG 74-6763 

?g. 4.10. Sphere (SPH). 

c. Ripbt  C i r c u l a r  C y l s - d e r  (RCC) 

Spec i fy  t h e  v e r t e x  

v e c t o r ,  E, expressed i n  terms of i ts  x, y, and z components, 

and a scalar,  R,  deno t ing  t h e  r a d i u s .  

a t  t h e  cen te r  of one base,  a h e i g h t  

ORNL- D W G  74-6764 

Fig. 4.11. R igh t  C i r c u l a r  C y l i n d e r  (RCC). 
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d. Right. E l l i p t i c a l  C y l i n d e r  (REC) 

S p e c i f y  c o o r d i n a t e s  of t h e  c e n t e r  o f  the base e l l i p s e ,  

a h e i g h t  v e c t o r ,  and t w o  v e c t o r s  i n  t h e  p l a n e  o f  t h e  

b a s e  d e f i n i n g  t h e  rajor and minor axes .  

ORNL - DWG 74- 6765 

- \ 

\ V  - 
F i g .  4 . 1 2 .  Right  E l l i p t i c a l  C y l l n d e r  (REC). 

e.  Trunca ted  R i s h t  t’mgle Cane (‘TRC) 

S p e c i f y  a v e r t e x  1 a t  t h e  c e n t e r  o f  t h e  lower base ,  t h e  

h e i g h t  v e c t o r ,  E, e x p r e s s e d  i n  terms cf i t s  x, y, z con- 

ponen t s ,  and two sca lars .  R 1  and  R2,  d e n o t i n g  t h e  r a d i i  

of t h e  lower and upper  bakes.  

ORNL- D W G  74 - 6766 

\ 

F i g .  4.13. T runca ted  R igh t  Angle Cone (TRC) .  . 
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f .  E l l i p s o i d  (ELL) 

S p e c i f y  two vertices, 1'1 and V2, denot:i.ng t h e  cooro -na te s  o f  

t h e  foci  and a scalar, K, deno;'ing t h e  l e n g t h  of t h e  major 

axis. O R N L -  DWG 74-6767 

- 

Fig .  4 .14 .  E l l i p s o i d  (ELI,) . 
g. Wedge (WED) o r  ( R A W )  

S p e c i f y  t h e  vertex a t  one of t h e  coriiers by g i v i n g  i t s  

(x, y ,  z )  c o a r d i n a t e s .  S p e c i f y  a s e t  O F  t h r e e  nutually 

p e r p e n d i c u l a r  v e c t d c s ,  ; t i ,  w i t h  a1 and a? desc r ib i i l g  t h e  

two l e g s  of the r i g h t  t r i a n g l e  of t h e  wccige. That  i s ,  the  

x, y ,  and z conponents of t h e  h e i g h t ,  width, and l e n g t h  

v e c t o r s  are g iven .  

__--- 

O R N L - D W G  74-6768 

Fig.  4.15. Right  Angle Wedge (WED). 
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h. Box (B\!JX) 

Spec i fy  t h e  v e r t e x  1 a t  one of the  c c r n e r s  by g i v i n g  i t s  

' (x ,y , z )  c o o r d i n a t e s .  S p e c i f y  a set  of t h r e e  m t u a l l y  

pe rpend icu la r  v e c t o r s ,  a i ,  r e p r e s e n t i n g  t h e  h e i g h t ,  w id th ,  

and l e n g t h  of  t he  Lox, r e s p e c t i v e l y .  That i s ,  the x, y, 

and z components of the h e i g h t ,  w id th ,  and l e n g t h  v e c t o r s  

are given.  

- 

ORNL-DWG 74-6769 

i. A r b i t r a r y  Polyheirori  (ARB) 

Assign zn index  (1 t o  3) t o  each v e r t e x .  For each v e r t e x ,  

g i v e  t h e  x, :I, z c o o r d i n a t e s .  Each of t he  s i x  faces are 
then d e s c r i b e d  by R f o u r - d i g i t  number g i v i n g  the i n d i c e s  

of  t h e  f o u r  v e r t e x  p o i n t s  i n  t h a t  face.  For each face 

t h e s e  i n d i c e s  must be  e n t e r e d  i n  e i ther  clockwise o r  

ctiunterclockwise o r d e r .  
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O R N L -  DWG 74- 6770 

v3 - 
Fig.  4.17. A r b i t r a r y  Polyhedron ( A R B ) .  

Detailed i n p u t  i n s t r u c t i o n s  are g i v e n  in Sec!:ion b . 3 .  
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4.7.4. S u b r o u t i E  

S u b r o u t i n e  G 1  (S,  !-W, FFD, LgCREG, h'C?8JCqD, I R g R ,  I R 1 ,  IR2) 

G1 is t h e  con t ro l  n u t i n e  f o r  t h e  c o m b i n a t o r i a l  geometry.  On one  

ca l l ,  i t  c a l c u l a t e s  the d i s t a n c e  t r a v e l e d  i n  t h e  p r e s e n t  zone ,  and t h e  

number I R  of t h e  next z m e  t o  b e  e n t e r e d .  E s s e n t i a l l y ,  GG i s  c a l l e d  f o r  

e a c h  body a d j s c e n t  t o  t h e  p r e s e n t  zone, c a l c u l a t i n g  R I N  and RdUT, t h e  

d i s t a n c e s  to  e n t r y  and  e x i t  o f  t h e  body a l o n g  t h e  t r a j e c t o r y .  The nex t  

zone  t o  be e n i s r e d  is deteK.!ined b y  a g a i n  c a l l i n g  GG t o  c a l c u l a t e  RIS 

and ROUT for e a c h  body a d j a c e n t  t C  t h e  n e x t  p o s s i b l e  zone .  These  n e x t  

p o s s i b l e  zones are de termined  by e x s n i n i n g  a list of a l l  t h e  p r e v i o u s  

zones  t n t e r e d  on c r o s s i n g  t h l s  body. 

t h e  i n p u t  zoce d e s c r i p t i o n s  t o  d e t e m i n e  t h z  correct zonc. I f  i t  is n o t  

found i n  t h e  l i s t  of prev ious  zones,  a l l  o t h e r  zcncs  are examined i n  3 

similar  f a s h i o n ,  and  vhc-a t h e  c o r r e c i  zone is found,  i t  i s  added  LO t h e  

l i s t  I f  p rev ious  zones  f o r  t h a t  bad?., i f  thc s tcraee a l l o c a t e d  is  not 

y e t  zxhaus t ed .  I f  no ogre s to ra rc  is s v a i l a b l c ,  f u t u r e  c a l l s  w i l l  ;c.arcii 

t h e  l i s t  as i c  was a d r i l n g  no nio:e t o  i t  b u t  er.aminir:g a l l  ctt:er zo;i?s 

i f  I t  d o e s n ' t  f i n d  the c:rrrect zone  ir. t h e  ex is t l r i ; ;  List. I f  t h e  p.ew 

zone is d i f f e r e n t  f roc ,  the o l d ,  GI r e t u r n s ;  o:hcrwise G 1  c o n t i n u e s  

t r a c k i n g  u r i t i l  a d i f f e r c r i t  zone i s  encoun te red .  O n e  change aLdcd t o  t h e  

X g R S E  v e r s f o n  of G1 i s  t h a t  if t h e  d i s t a n c e  to ciie : x x t  b o u n J a r y  is 

g r e a t e r  t han  t h e  d i s t a n c e  t o  s c a t t e r i n g ,  G 1  r e t u r n s  v i t h o u t  d e t e m i n f n g  

t h e  n e x t  zone p a s t  t h e  boundary, s e t t i q g  t h e  flrg >MIKC; i n  ccmriccn O R C I .  

Cal ied from: G@MST, EUCLID, PIES11 

S u b r o u t i n e s  c a l l r d :  GC, 
COITEIORS r e q u i r e d :  PAR?!, G@?lL@C, DBG, G R G I ,  TAPE. 

Variables r e q u i r e d :  

R I N  and ROUT are checked  a g a i n s t  

B ( 3 )  - startS::g c o o r i f n a t e s  of p r e s e n t  t r a j e c t o r y .  

1i-E ( 3 )  - d i r e c t i o n  c o s i n e s  of t r a j e c t o r y .  

I R  - p r e s e n t  m n e .  

D I S T  - p r e s e n t  d s t a n c e  from S B ( 3 ) .  

DISTO - d i s t a n c e  from XB(3j t o  n e x t  s c a t t e r i n g  p o i n t .  

N S C  - less t han  z e r o  i f  t h i s  is a ne :  t r a j e c t o r y .  

KL0oIP - t r a j e c t o r y  i n d e x .  

PINF - machine i n f i n i t y .  
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body SBg. 

PIA(LNEX) - l o c a t i o n  i n  PI4 of next  i c e r  i n  t h ~  nex t  p o s s i b l e  zona 

l i s t  f o r  body NBQ ( t h e s e  lists l eap - f ro2  throbgli t h e  

end of the 1lA a r r a y ) .  

4.7-12 

S i g n i f i c a n t  i - i t e r n a l  v a r i a b l e s :  

N B 0  - a b s o l u t e  v a l u e  is bcrdy being cons ide red  wh i l e  a n e g a t i v e  

! or p o s i t i v e  s i g n  i n d i c a c s s  t h a t  zone IR o r  IRP i s  o u t s i d e  

or i n s i d e  t h e  body r e s p e c t i v e l y .  

ROUT - d i s t a n c e  to ex i t  bi body XBfl s a l c u f a t e d  by GG. 

RIN 

L R I  - s u r f a c e  of body N B 0  e n t e r e d  by t r a j e c t o r y .  

J.X0 

I W  - zone being considered as nex t  zone. 

- distan:e t o  e n t r y  of body XB0 c i l l cu la t ed  by GG. 

- s u r f a c e  of body NS@ t r a j e c t o r y  e x i t s .  

E r r o r s :  

I f  message i s  " e x i t  b e i n g  c a l l e d  . . . n e x t  r e g i o n  not  found" - 
N A S C  w i l l  be n e x t  body the ray w i l l  i n t e r s e c t  (NBQ, S, NUM, IIYPE, 
S X I N ,  IW, LQCAT a l l  app ly  t o  maximum bqdy number and have no 

s i g n i f i 2 a n c e ) .  , 
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4.7-13 

Subrou t ine  ALBERT (F, IERR) 

ALBERT is  c a l l e d  by s u b r o u t i n e  G E N I  t o  p r o c e s s  t h e  a r b i t r a r y  poly- 

hedron (ARB) body d a t a  b e f o r e  s t o r a g e  i n  t h e  FPD a r r a y .  

d a t a  as r ead  by GENX c o n s i s t s  of the c o o r d i n a t e s  of  a l l  c o r n e r s  ( e i g h t  

cor a s i x - s i d e d  f i g u r e ) ,  fol lowed by a packed decimal  number fo r  each 
s i d e  i n d i c a t i n g  which co rne r  p o i n t s  make up th;t s i d e .  

t h i s  d a t a ,  r e t u r n i n g  a u n i t  nOrU~31 v e c t o r  atid a m i n i m m  d i s t a n c e  to  o r i g i n  

f o r  each p l a n e  contaiyiing a s i d e  of t h e  A R B .  

s i d e s .  

d a t a  i n  the W D  a r r a y .  

t e r i s i i c  of t h e  ARB'S minimum dimension are  a lso s t o r c d  i n  the  i T D  array. 

The ARB body 

ALBERT processes  

An ARB can have up t o  six 
These u n i t  v e c t o r s  and d i s t a n c e s  then r e p l a c e  t h e  o r i g i n a l  ARB 

The number of sides and a d i s t a n c e  t h a t  i s  charac- 

This tiinimum d i s t a n c e  i s  l a t e r  used f o r  round-off t e s t s .  

C a l l e d  f r o a :  G E N I  

Subrou t ines  c a l l e d :  none 

Commons r e q u i r e d :  none 

5'iiriables r e q u i r e d :  

F - FPD a r r a y  froi: GEX?.  

b a r i a b l e s  changed : 

F - FPD a r r a y  changed to c o n t a i n  u n i t  wrmals and d i s z a n c e s  

to  o r i g i n  fo r  each plai ie .  

d i s t a n c e  are a l s o  s t o r e d .  

tiumber of s i d e s  and a minimm 

S i g n i f i c a n t  i n t e r n a l  v a r i a b l e s :  

X(8,3)  

I S ( 6 , 4 )  

- c o o r d i n a t e s  of c o r n e r  p o i n t s .  

- indicates corners contained in each of t h e  p c s s i b l e  

s i x  s u r f a c e s .  

V ( 3 , 4 )  - edge v e c t o r s  f o r  R given s u r f n c e  (an i n n e r  c r o s s  

product  then g i v e s  t h e  norma!. v e c t o r ) .  

I 
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4.7-14 

S u b r o u t i n e  GENL (W, FF'D, LQCREG, KU.%dlJ, IH6R, HRTZ, %XZ, %EX,  FDfCZ, 

K R 1 ,  KR2,  11, IQUT, I N )  

Although s u b r o u t i n e  J @ U N  is used to read i n  a l l  of t h e  c c x b i n a t o r i a l  

geometry d a t a  excep t  t h e  r eg ion  v31mes. t h a t  data is pat  inEo the p r o p e r  

s t o r a g e  l o c a t i o n  in b l a n k  common by GENX. T h i s  is  acco-~pl.3shed by having 

J0HLN write  t h e  body and 20ne d a t a  on a mass s t o r a g e  uni t , ,  SO t h a t  GENI 
cap r e t r i e v e  t h a t  d a t a .  

a w a  set a s i d e  by JdMIN. 

ALBERT t o  hand le  a p o r t i o n  of t h e  da t a .  

i n p u t  i n fo rma t ion  concerning the geometry d a t a .  

gecmetry dependent d a t a  needed d u r i n g  t h e  random w a l k .  

C a l l e d  from: JQWIN 

Subrou t ines  c a l l e d :  ALBERT 

Commons r equ i r ed :  Blank, C@XLflC, PAREM 

V a r i a b l e s  r e q u i r e d  : 

GENI a s s i g n s  t h e  d a t a  to blank c o m n  in the 

For an a r b i t r a r y  polyhedron body, GENI ca l l s  
I n  a d d i t i o n ,  GENI o u t p u t s  thc 

G E I I  con-putes cer tain 

I1 - i n p u t  u n i t .  

I 0 U T  - o u t p t  u n i t .  

IN - bu lk  storage logical wit. 

V a r i a b l e s  i n p u t :  Geometry da t a  f o r  zones and b o d i e s  is  r e t r i eved  from 

mass s t o r a g e  u n i t  I N .  

V a r i a b l e s  changed: FfA(I), FPD(i) .. L@CREG(T), I R @ R ( I ) ,  ?%CZ(l>, % l C Z ( I > ,  

EU(1) - see F i g .  4.18 l a y o u r  of ccjabinatorial 

geometry storage i n  b l ank  c o m n .  

I 
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r 

SubroL!tine GG (LQKAT, TU, FPU) --- 
CG is t h e  workhorse of the  combinatorial geometry, COQpUting d i s -  

t a n c e s  t o  i n t e r s e c t i o n s  f o r  a l l  body types.  

L M K L  t o  compute d i s t a n c e  t o  e n t r y  and d i s t a n c e  Lo exit to  d body b+ose 

l o c a t i o n  i n  t h e  FIA a r r a y  is  f l agged  by the argument LQCAT. Each L i m e  a 

distance to  e n t r y ,  R l N ,  and a d i s t a n c e  t o  e x i t ,  MUT, are c a l c u l a t e d  f o r  

a body the: a r e  s t o r e d  i n  t h e  MA a r r a y  tcigcther with LicI and LRB,  t h e  ln- 

d i c e s  of  t h e  e n t r y  arid e x i t  s u r f a c e s  of t h e  tlodv. 

t ine  is KL@$P, &he p a r t i c l e s  t r a j e c t o r y  index. On a subsequent c a l l  t o  

GG f o r  t h a t  body, KLG?0P i s  checked a g a i n s t  the ear l ie r  va lue ,  nos L6@. 
If they  are t h e  same, t h e  old v a l u e s  of R I N ,  RGUT, L R I ,  argd LR0 are re- 

t r i e v e d  so t h a t  GG can r e t u r n  immediately. 

I t  is c a l l e d  from C1 o r  

Also s t o r e d  a t  t h i s  

I f  i t  i s  n e c e s s a r y  t o  compute a new t r a j e c t o r y ,  a d i f f e r e n t  a r e a  of 

coding is entered f o r  each body type tc c a l c u l a t e  RIX, ROUT. LRJ 3nd LR@. 

Called from: G1 and LJ)C3KZ 

S c b r o u t i n e s  c a l l e d :  none 

Commons rcqui red  : 1 ” 3 2 1 +  TG’E 

Va r i a b  Its req u i  red : 

LaCIiT 

%\, FPD - 

s r a r t i n g  l o c a t i o n  i n  t h e  FA a r r a y  ~ 7 f  i n t e g e r  d a t a  l G r  

t h e  a p p r o p r i a t e  body. 

t rc l jeccory index. 

machine i n f i n i t y  ( s t o r e d  i n  RJS and RgUT uhen t h e  

t r a j e c t o r y  r2isses t h e  b o d y ) .  

l o c a t i o n s  i n  b l ank  comon  r equ i r ed  f o r  v a r i a b l e  
d imens ioning .  

V a r i a h l e s  changed: 

RIh’ - d i s t a n c e  t9 e n t r a n c e .  

RQiUT - d i s t a n c e  t o  e x i t .  

LKL - s u r f a c e  of en t r ance .  

I230 - sur fhce  of e x i t .  

S i g n i f i c a n t  i n t e r n a l  v a r i a b l e s :  

L - same a s  LOCAT, s t a r t i n g  l o c a t i o n  i n  ?LA a r r a y  of body 

d a t a  €or t h e  a p p r o p r i a c e  body. 

K - s t a r t i n g  l o c a t i o n  i n  W D  a r r a y  of f l o a t i n g  p o i n t  d a t a  

f o r  t h e  a p p r o p r i a t e  body. 

I 
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S u b r o u t i n e  GFJLIN (WE, MRIZ, VNBR. I-4JbPT, NIR, NZZ, 11, IO) 
This r l u t i n e  is cal led by JeMIN t o  read i n  or to  c a l c u l a t e  t h e  volume 

of e a c h  region i n  t h e  geometry.  

set e a c h  volume to  l., (2) to c a l c u i a t e  t h e  volumes for c o r c e n t r i c  s p h e r e s ,  

(3) t o  calculate t h e  volumes f o r  s l a b s  ( n o t  ccded  ac p r e s e n t ) ,  or (4) t a  

r e a d  i n  t h e  volumes f o r  e a c h  r e g i o n  from c a r d s .  

i n  blank c o m o n  and are o n l y  used  Ly t h e  t r a c k  Length and c c l l i s i o n  den- 

s j  t y  es t im tors.  

C a l l e d  from: JgXIN 

Si1broutinr.s c a l l e d :  none 

Comons required: none 

V a r i a b l e s  r e q u i r e d :  

The f o u r  options a v a i l a b l e  are (1) to 

The volumes arc  s r o r e d  

EPD - a r r a y  c o n t a i n i n g  zone d e s c r i p t i o n  da t a .  

MRI 2 - a r r a y  which r e l a w d  hl4KSE r e g i o h  to inkwt .  zones. 

VN cb R 

IVdPT - o p t i o n s  fo r  d e t e r m i n i n g  w1iiws. 

SIR - number of r e g i o n s .  

NTZ - nuinber of zones.  

11, I O  - i n p u t  a n d  o u t p u t  l o g i c a l  u n i t s .  

- array c o n t a i n i n g  t h z  MdRSE volm,es. 

Vnr iab  les changed : 

Varicibles i n  blank cmmon s t a r t i n g  a t  KVL?JI-. 
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Subrou t ine  J0MT.N (NADD, 11, 10) 

The i n p u t  of t h e  b e o m t r y  d a t a  is ,  c o n t r o l l e d  by t h e  J0PlIN s u b r o u t i n e ,  

*Reads a l l  geometry inp1:t d a t a  e,rcept t h e  r eg ion  volumes. 

-Writes t h e  body and zone d a t a  on A n a s s  s t o r a g e  u n i t  (IQUT=16). 
*Determines t h e  l e n g t h  of a l l  geometry a r r a y s .  

*Calciilates the beg inn ing  l o c a t i o n  i n  b l a n k  c o m n  of geone t ry  

which performs t h e  fo l lowing  t a s k s :  

arrays. 

I n i t i a l i z e s  geomecry e f r a y s .  

- C a l l s  t h e  GTVLIN s u b r o u t i n e  w l - i c b  r e t u r n s  r e g i a n  volumes. 

S ince  combina to r ix l  geocetr j '  iniJut d a t a  i s  dyn;imically a l l o c a t e d  t o  con- 

s e r v e  s t o r a g e  area, i t  i s  s t o r e d  t e n p o r a r i l y  on a mass s t o r a g e  d e v i c e .  

T h i s  a l lows  t h e  c o r e  s t o r a g e  r Jquirements t o  b e  deterrr ined.  Hence, much 

c €  t h e  coding i n  .I@lIS i s  s i r i l a r  t o  G E N I ,  which r e a d s  t h e  d a t a  on the 

mass stors;e d e v i c e  and p , l t s  i t  i n t o  b l a n k  cc)mmn. 

Ca l l ed  froin: INPUT1 

S u b r o u t i n e s  ~alltd: CESI,  GTVLIS 

Common:; r e q u i r e d .  

Va r i ab l e  s re q u i r e d  : 

Clan::, G0ML8C, PAFE?l. TAPE 

A i l  va ' i ab lcs  i n  Ci&'L,dC, T l ,  10, 

A l l  v z r i a b l e s  i n  GO>lL\$C, IVgPT, I D B C ,  M R I Z ( I ) ,  PC.fIZ(T).  

V a r i a b l e s  8-h anged : 

Impor t an t  int .erna1 v a r i a b l e s :  
I@UT - mass s t o r a g e  u n i t .  

NAZT - t o t a l  number of a d j a c r n t  zones smmed ove r  all zones.  



c 

4.7-18 

S u b r o u t i n e  LQQKZ ( X ,  Y, Z, MA, FPD, LgCREG, XL'?lB@D, IXgR, NS0K) 
Tne purpose of t h i s  r o u t i n e  i s  t o  r e t u r n  t h e  c o m b i n a t o r i a l  geometry 

zone of  p o i n t  ( X ,  Y ,  Z) s o  t h a t  t r a c k i n g  can h e  i c i t i a l i z e d .  The c0dir.g 

has been borrowed from t h e  second h a l f  of s u b w u t i ; l e  G1 and adap ted  tc 

de te rmine  the zone of a s o u r c e  p a r t i c l e .  For e f f i c i f n c y  LL@K% b u i l d s  a 

list of  p o s s i b l e  s o u r c e  zones t o  sear:h on f u t u r e  c a l l s .  I f  t h e  r eg ion  

is n o t  found on t h i s  list, a l l  o t h e r  zones a r e  examined and upon d e t e r -  

mining t h e  new r o u r c e  zone ,  i t  too  i s  added ta !he list.  

the s t a r t i n g  d i r s c t i o x  c o s i n e s  ( . 8 ,  . 6 ,  0.0) are assumed i n  LQgKZ, b u t  

may b e  changed e l sewhere .  

N o t i c e  t h a t  

Rou t ines  c a l l e d :  GG 

Commons r e q u i r e d :  @%I, PAREM, rdXL$C, and TIBG. 

V a r i a b l e s  r equ i r ed :  

X,  Y, Z 

MA, FFD, LrdCWEG, 
N U Y E g D ,  LR@R, NSk'K dime:rsiorling. 

- c o o r d i n a t e s  f o r  which a zonta i s  d e s i r e d .  

- l o c a t i o n s  i n  b l ank  coriirnon used f o r  v a r i a o l e  

Y'ar iables  changed : 

KLbtlP - t r a j e c t o r y  index is i n c r e n e , i t e d .  

N P E G  - coilunoii O R G I  var iab le  set  t o  c o r r e c t  zone number. 

NSgR(1NEST) - n e w  zone added  t o  l ist  of pibssible s o u r c e  zones.  

S i g n i f i c a n t  i i . terna1 v a r i a b l e s :  

WB(3) - set  t o  . 8 ,  . 6 ,  0.0 so Lhat I.r?$KZ need n o t  be c a l l e d  

w i t h  6 d i r e c t i o n .  
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4.7-19 

Subrou t ine  X m  (PA, FPD, LGCREC, NLJHBflD) 

The purpose of s u b r o u t i n e  NQREIL i s  t o  r e t u r n  a u n i t  vec to r  t o  a 
\ A 

combina to r i a l  geometry body NASC a t  p o i n t  %3 + DIST * WB which must 

b e  an  t h e  s u r f z c e  LSURF of body NASC. ThLs u n i t  v e c t o r  is u s e f u l  e i t h e r  

€or a lbedo  s c a t t e r i n g  or  boundary c r o s s i n g  f l u x  estimates. 

t h e  u n i t  v e c t o r  is chosen so t h a t  WB.8 i s  n e g a t i v e  meaning t h a t  t h e  

u n i t  v e c t o r  w i l l  p o i n t  a g a i n s t  t h e  p a r t i c l e  d i r ecL ion .  

The s i g n  of 
A 

/ 

C a l l e d  from: &MST i 
Commons r equ i r ed  : NgREIAL , G@>EflC, PAREM 

V a r i a b l e s  r equ i r ed :  

NASC - body number p a r t i c l e  is on. 

LSURF - s u r f a c e  of body NASC. 

- t r a j e c t o r y  pa rame te r s .  i 
i 

XB(3) 
\*'B(3) 
DIST 

LQ)CIUI:C, - l o c a t i a n s  i n  b l  a d  coirmon TJsed Tor vririablc dimensioning. 
E L I ,  FF'D, 

- d i r e c t i o n  co*;ines of u n i t  v e c t o r  s co red  i n  camion 

NCMB@D 

Var i ab le s  c!iangc.c!: 

UN ( 3 )  

NBWAL. 

S ign i f i canL  i n t r r x a l  v a r i d b l e s :  
_5 2 

W ( 3 )  - set t o  XB + DIST A NB. 

X(3) - u s u a l l y  used  t o  re la te  the i n : e r s e c t i o n  p o i n t  t o  a 

body cen te red  coord ina tc  system. 

- u s u a l l y  used as a body o r i e n t a t i o n .  H(3) 
L - body l o c a t i o n  in MA array. 

K - body l o c a t i c n  i n  FPD a r r a y .  
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S u b r o u t i n e 2  (K) 

S u b r o u t i n e  PR is c a l l e d  from v a r i o u s  1ocaLicins i n  t h e  c o d i n a t o r i a l  

geowetzy package  ( G E N I ,  G 1 ,  L0dKZ and N0RML) wheriever i n t e r m e d i a t e  o r  

debugging  o u t p u t  is  r e q u i r e d .  The amount of geometry d a t a  which  i s  out- 

p u t  depends  on t h e  v a l u e  of t h e  argument.  I f  th i - s  argument is  1 or 8, 

a l l  of t h e  geometry d a t a  in b l a n k  common i s  prii- . tcj ,  o t h e r w i s e  o n l y  

s e l e c t e d  v a r i a b l e s  are c u t p u t .  By comparing t h e  a r g u a e p t  v a l u e  g i v e n  

i n  t h e  o u t n u t  w i t h  t n e  s o x r c e  l i s t i n g ,  t h e  geometr;r d a t a  a t  a g i v e n  t i ne  

i n  t h e  e x e c u t i o n  can b e  de t e rmined .  The c a l l  to  PR is i n i t i a t e d  by 

s e t t i n g  t h e  IDBC v a r i a b l e  t o  a nonzero  v a l u e .  Because  of  t h e  l a r g e  

amount of o u t p u t  g e n e r d t e d ,  t h i s  o p t i o n  should  ~ 1 %  b e  used d u r i n g  a 

normal  execilt i o n .  

C a l l e d  from: G E S I .  G 1 ,  L@&Z, N G E l L  

S u b r o u t i n e  c a l l e d :  none 

Cormions r e q u j r e u :  b l a n k ,  PXWX, Gd?IL@C, DBG, TAPE 

Var i a h  l es  r e q u  i r e d  : 

K - a s i g n a l  i n a i c s t i i i g  how much d a t a  to pr in l .  

= 1 o r  8 - p r i a t  a l l  geometry d a t a  i n  blznk. coi~mon. 

O t h e s i s r ,  p r i n :  selected v a r i a b l e s  on ly .  
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S t a r  Ling 
Loca cion Information Size  

NG EeM=NADD 
K4y, 

KFPD 

KLCR 

Length of geometry a r r a y  - 
MA 

I n t e g e r  a r r a y  
-I-- 

FPD 
Floa t ing  poin t  a r r a y  -- 

LbCREG 
Indices  t o  c o r r e l a t e  MA a r r a y  
d a t a  with code zclne d a t a  

LVBD 

K10R 

K R I Z  

mcz 

C I L Z  

L X Z  

KSSR 

KV0L 

KGLAST 

NUMB0D 
Nunher of bodies  f o r  each code 
znne 

.--- -- 
I R 0 R  

Indi,*es t o  c o r r e l a t e  input  zone 
t o  c2de zone 

~ 

? B I Z  
Ind ices  t o  c o r r e l a t e  ?@RSE 
region t O  input  zone 

?RCZ 
Indices  t o  c o r r e l a t e  M(?RSE 
region t o  code ::one 

.-- 
"I 2 

Indices  t o  c o r r e l a t e  M6P.SE 
media t o  I I I I J U L  z m e  

N?iCZ 
Ind ices  t o  c o r r e l a t e  ?18RSF. 
media t o  code zone 

KR1 
Indices  t o  c o r r e l a t e  f i r s t  code 
zone t o  i n p u t  zones 

.. - 
KR2 

Indices  t o  c o r r e l a t e  last code 
zone t o  input  zone 

~~ 

NSbR 
Indices  of code zones i n  which 
source  p a r t i c l e s  have been found 
_I 

VNOR 
Volume of each MBRSI: region 

1 

LTMA 

LFPD 

"R 

H ( P K  

!iw3 

I RTRU 

NLXK 

I RTRL' 

h i  

IRThU 

IRTRU 

hmlR 

KIR 

- 
Fig. 4.18. Layout  of Combinator ia l  Geometry Data i n  Blank Common. 



e c 
P o s i t i o n  i n  

Blank  Common In fo rma t ion  S t o r e d  si zc D e s c r i p t i o n  
--- 

KFFD R I N  f o r  body 1 

KFPD + 1 ROUT f o r  body 1 
- - -- - - - - - - 

1 
P a t h  l e n g t h  d a t a  f o r  l a s t  
t r a j e c t o r y  i n  body 1. 1 

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - . . - I - - . .  -.-I-__-- 
KFPli + 2 F i r s t  6 words  of r e a l  6 Read from f i r s t  c a r d  o f  

d a t a  f o r  body 1 body 1 c a r d  set .  

KFI’I) + 8 N depends  on body t y p e .  
See T a b l e  4 . 3 .  
1 

Remaining words of 
rea l  d a t a  f o r  body 1 
--____ -1--1--- --- - 

KFPD + 8 + N1 R I N  f o r  body 2 1 
- - - - - - - - - 
RbUT f o r  body 2 1 Same i n f o r m a t i o n  as above ,  

Remaining d a t a  f o r  body 
2 ( N z  words )  

b u t  f o r  body 2. -- -- - - -- - 

N2 

-I._- _I._-__I -___-- -- 
Repeat  f o r  NUPlB bod:’es. 

NOTIS: 8 words a r c  s e t  a s i d e  a t  t h e  end  of the FI’D n r r i i y ,  
b u t  arc iiol U S L ~ .  

Fig .  4 . 1 9 .  D e t a i l e d  l ayo t i t  of tlic FPD Array i n  Blank  Common. 

, 

i 



I 

____-. .---- - ---- --- 
P o s i t i o n  i n  

B1.arik Common In fo rma t ion  Sf(3red S i z e  D e s c r i p t i o n  
--.- - 

Fig. 4.20.  Deta i l ed  Layout of the >!A Array in Blank Common. 



e- - --- 
P o s i t i o n  i n  

S i z e  D e s c r i p t i o n  Blank Common 7 n f c rma t i c. ,I S t o  red -- - 
-----I_ 

KxA 4- L*7 ionti  number 1 1 Eeg inn ing  o f  code  zone  
i n  format  i o n  

---------___-- --------- 
Number of f i r s t  body 
i n  t h i s  zone 

1,ocation of i n t e g e r  d a t a  
f o r  t h i s  body 

F i r s t  zone t o  s e a r c h  upon 
e x i t i n g  t h i s  body 

Loca t ion  o f  n e x t  zone t o  
b e  s e a r c h e d  

Data on second body i n  
t h i s  zone 

1 .  - - - - _ -  - 

- - - - -  - - - - - - - - -_  

i 4 

___-___I_-_-___ 

- - -- - - I_ - - 

- -- - - - - 

I k g l n n i n g  of i n f o r m a t i o n  about 
bor i ies d e f i n i n g  code  zone 1. 
I n t c g e r  ck ta  l o c a t i o n  i s  g i v e n  by: 
7*(Eody number) - 6. 

The l a s t  two words  i n  e a c h  s e t  of 
body d a t a  i n i t i a t e  t h e  " l e a p  frog" 
p r o c e s s  by wlijch t h e  code  s t o r e s  
p o s s i b l e  zones which can be 
r n t e r e d  upon e x i t i r ? g  t h i s  body 
j n  t h a t  p a r t i c u l a r  z m e .  These 
zones  a r c  checked by tlic? code 
when t h e  n e x t  zone c n t c r e d  i s  
b e i n g  de te rmlued .  I f  t h e  n e x t  
z n n c  is n u t  l o c o t c d  from t h i s  
:;toicd da ta ,  a l l  zniics are s e a r c h e d .  

Fig. 4.20 .  D e t a i l e d  Layout of tile ?LA Array  i n  Blank Common 
(con t i r.:!ed 1 

c 

?. 

1 



c 
P o s i t i o n  i n  Blank CoiIlmon Informat ion  S t o r e d  S i z e  D e  * . s c r i p r i o n  

-__I -_I ----- 
Zone number 2 

Body i n  format i o n  
-----. 

1 

Same i n f o r m a t i o n  as above excep t  
f o r  code zone number 2. 

&MA + LDATA 

- --- 
Zone da t a  of  l a s t  zone 

Code s e a r c h  i n f o r m a t i o n  2AXh7.T S t o r a g e  s e t  a s i d e  for d e t e r m i n i n g  
t h e  zone t o  kz  s e a r c h e d  and where 
t h e  n e x t  zone number is l o c a t e d .  

Code zone i r . format ion  abuu t  t h e  
l a s t  zone i n p u t  on c a r d s .  ____ 

WA+LTMA- 1 

Fig .  4.20. D e t a i l e d  Layout oE t h e  $114 Array i n  Blank Common 
(con t  i nucd)  
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Table 4 . 2 3 .  D e f i n i t i o n s  of V a r i a b l e s  in C'oimon GO:C$C 

-~ . 

V a r i a b l e  D e f i n i t i o n  -- c - - 

KNbD 

K I a R  

K R I Z  

KRCZ 

\ 

m1z 

YJlC z 

W l  

w.2 

KNSR 

KVbL 

Star:ing l o c a t i o n  f o r  t h e  a r r a y  NA c o n t a i c i n g  i n t e g e r  
d a t a  f o r  ench code zone. 

S t a r t i n g  l o c a t i o n  f o r  t h e  a r r a y  FI;" containir?g rea l  
d a t a  f o r  each code zone. 

S t a r t i n g  l o c a t i o n  f o r  t h e  a r r a y  LOCREC(!) which con- 
t a i n s  t h e  s t a r t i i i g  l o c a t i o n  i n  :::lie ?k'l a r r a y  f o r  t h e  
l t h  code zone d a t a .  

S?x;ting l o c a t i o n  f o r  t h e  a r r a y  hVYBfiD(1) which con- 
t a i n s  t h e  number of bod ies  f o r  t h e  l'!l rode ;.one. 

S t c r t i n g  l o c a t i o n  f o r  t h e  asray I R f l R ( 1 )  " i i i ch  c o n t a i n s  
t!,c index  of t h c  correspondinj; i n p u t  zinc for t h e  1 t h  
c o l p  zone. 

S t a r t i n g  l o c a t i o n  f o r  t h e  -?t ray ?!IfX(I)  *;"lch c o n t a i n s  
t h e  i n d e x  of t h e  M0KSE rcg ion  correspoaLLng t o  t h e  It[> 
geometry jnpii t  zond. 

S t a r t i n g  l o c a t i o n  f o r  t h e  arr.;) I.:RCZ(I) xh i ch  c o n t a i n s  
the i n d e x  of & h e  MBRSE region cc r r c spvnc ing  t o  t h e  L t h  
geometry code zone. 

S t a r t i . r g  l o c a t i o n  f o r  t n e  a r r a y  h C i I Z ( 1 )  which c o n t a i n s  
t h e  i n d e x  0': the Pl0RSE media correspor-dl-ng t c  the  Iti1 
geometry i n p u t  zone. 

S t a r t i n g  l o c a t i o n  for t h e  array ?l?ICZ(I) w h i c h  c o n t a i n s  
t h e  index of &he M&SE media c o r r e s p o r d i n g  t o  tile Ith 
code zone. 

S t a r t i n g  l o c a t i o n  f o r  t h e  a r r q  KRl(1,) c o n t a i n s  t h e  
f i r s t  code zone which was sade  from t h e  L t h  i n p u t  zone. 

S t a r t i n g  l o c a t i o n  f o r  t h e  a r r a y  Et12(I.) c o n t a i n s  t h e  
las t  code zone which w a s  made from t h e  L t h  i n p u t  zone. 

S t a r t i n g  l o c a A o n  f o r  a r r a y  KS(4R which c o n t a i n s  t h e  
code zones i n  which s o u r c e  p a r t i c l e s  have been found. 

S t a r t i n g  l o c a t i o n  f o r  t h e  a r r a y  VX$R( 1) which c c n t a i n s  
t h e  volume f o r  M0RSE r eg ion  (Z). 
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Table 4.23 (Cont'd.) 

xmn 

LDATA 

S t a r t i n p ,  l o c a t i o n  f o r  t h e  geometry data l e n g t h  and 
chan;:ed i n  J@?IIN to  t h e  t o t a l  number of words 
r e q u i r e d  for geometry d a t a .  

L e n g t h  of t h e  i n t e g e r  d a t a  in t h e  HA a r r a y  exc l r td ing  
t h e  vords  s e t  aside f o r  zone  search i i t fo rma t ion .  

LElA Total l e n g t h  of t h e  ?!A a r r a y .  

LFPD Length of tne FPD a r r a y .  

LS,XK Number of code produced mnes. 

IR'IKI Kuicber of i n p u t  zones. 

?m! B ?:unber of b o d i e s .  
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Table 4.24. D e f i n i t i o n s  of V a r i a b l e s  In Cornon PA.SFMt 

a8 Found i n  C o n b i n a t o r i a l  Geometry 

-- -.. 
V a r i a b l e  D e f i n i t i o n  - 

Coord ina te s  of t h e  s t a r t i n g  p o i n t  of the present  pa th .  
Changed i n  EUCLID, WnST, and LOOKZ. 

D i r e c t i o n  c o s i n e s  of p a r t i c l e  t r a j e c t w y .  Equal t o  U. V, 
and W. Changed i n  EUCLIU, GOHST, and LOOKZ. 

Temporary srcirage of WB(3).  

Temporary s t o r a g e  of XB(3). C k n g e d  i n  NC?N-!L. 

D i s t ance  to  e n t r y  c a l c u l a t e d  i n  G G .  

Dis tance  to  e x i t  c a l c u l a t e d  i n  GG. 

Machine i n f i n i t y .  (1.OE + 20) 

Di s t ance  from U3(3) t o  p r e s e n t  p o i n t .  

Combinator ia l  zone of p r e s e n t  p a r t i c l e  p o s i t i o n .  

S e t  non-zero t o  i n i c i a i i z e  a debug pxintoL-t. 

Next r e g i o n  t o  be e n t e r e d  a f t e r  a ca l , l  of G1. 

Eo-fy number of l a s t  c a l c u l a t e d  i n t e r s e c t i o n .  S e t  n e g a t i v e  
t o  i n d i c a t e  source or c o l l i s i o n  p o i n t  n o t  on a body s u r f a c e .  

S u r f a c e  of body XASC where i n t e r s e c t i o n  occurred.  P o s i t i v e  
i f  p a r t i c l e  is e n t e r i n g  t h e  body and n e g a t i v e  when e x i t i n g .  

Body number and a s i g n  used to  d e f i n e  zones.  
d e s c r i p t i o n  as p o s i t i v e  when zone is con ta ined  i n  body and 
as n e g a t i v e  i f  zcde is m r s i d e  body. 

Inpu t  i n  zone 

Entry s u r f a c e  c a l c u l a t e d  i n  GG. 

t211e o r d e r  of t h e  v a r i a b l e s  i n  PAREH i n  v e r s i o n s  o t h e r  t han  IBY-360 is 
XB, N B ,  I R ,  WP, .e, IDBG, I R P R I M ,  NASC, LSUKF, NE;@, LRI, LR0, R I N ,  XdUT, 
KL@@P, LdJ)P, ITYPE, PINF, NeA, DIST. 
double p r e c i s i o n ,  i t  r e q u i r e d  r e o r d e r i n g  the v a r i a b l e s .  

Because the  IBM-360 v e r s i o n  i s  



cr) 

Table 4.24 (Cont'd.) 

- --- _-- 
Variable Def ini t iu:r 

LR0 E x i t  surface calculated i n  CG. 

- -.-_I_- 

KLMP Trajectory index of present path izicremented i n  GI. 

L00P Index of l a s t  trajectory calculated for body XRB. If 
I.&!JP is eqadI to ELQ@P, GC returns inmediately with  TI(! 
values in H E ; .  &?UT, L R I ,  and LR0. 

ITYPE Eody type of body SB0 ( indicates  BbX, SPH, E t c . ) .  

XdA Not used. 

4.7-29 
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Table 4.25. D e f i n i t i o n s  of Variablzs in Cormon @RCI.* 

DI STO Dis tance  from p o i n t  m(3) to n e x t  s c a t t e r i n g  p o i n t .  
Used i n  C1 to avo id  c a l c u l a t i n g  the  ~ e x t  zone i f  a 
s c a t t e r i n g  e v e n t  occb1rs be fore  zhe i n t e r s e c t i o n .  

?LWK S e t  1 i n  Gl i f  t r a j e c t o r y  end p o i n t  i s  rcaached before 
next  i n t e r s e c t i o n .  Otherwise set to 6. 

.I, 
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4.8.  DIAGNOSTIC XILJULE 

4.8.1 . In t rod u c  t ion 

Frequen t ly  i n  debcgging a problem o r  i n  t r y i n g  t o  g a i n  f u r t h e r  i n -  

s i g h t  i n t o  t h e  p h y s i c s  of a problem, i t  is  d e s i r a b l e  t o  dump t h e  c o n t e n t s  

of c e r t a i n  l a b e l l e d  commons o r  p a r t s  of b l ank  coinmon. 

MgRSE makes i t  p o s s i b l e  t o  p r i n t  o u t  i n  a r e a d a b l e  format  t h e  v a l u e s  of 

t h e s e  v a r i a b l e s .  

This module of 

The key r o u t i n e  i n  t h e  IBM-360 v e r s i o n  is  subrou t i l i e  HELPER* which 

p r i n t s  o u t ,  I n  decimal  fo*-Ln, any p a r t  of a s i n g l e - p r e c i s i o n  (4-byte word: 

a r r a y .  Th i s  r o u t i n e ,  a long  wi th  two a3chine-language (IBM-360 ser ies)  

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

number and c o n v e r t s  t o  EBCDIC a c c a r d i n g l y .  I t  a l s o  r e c o g n i z e s  t h e  "junk" 

word (4848G84816) and o u t p u t s  t h e  s t r i n g  "XbT USED" i n  i ts  p l a c e .  

f e a t u r e  is  inc luded  because i t  is n o t  alvavs  f e a s i b l e  t o  depenc! on t h e  

c o r e  b e i n g  zeroed o r  f i l l e d  w i t h  any  p a r t i c u l a r  co ; l s t an t .  S r l e c t e d  pctr- 

t i o n s  of c o r e  are t h e r e r o r e  f i l l e d  w i t h  this word, which was s e l e c t e d  he -  

cause  i t  is  e s s e n t i a l l y  t h e  same numb-.r when t r e a t e d  a s  an i n t e g e r  or a s  

a f l o a t i n g  p o i n t  number. The  f e a t u r e s  of t h i s  r o u t i n e  are no t  a v a i l a b l e  

on systems o t h e r  t han  the  ICZ.1-360. 

This 

A more i n c l u s i v e  dump m q  be o b t a i n e d  with sybroutine HELP which 

o u t p u t s ,  on r e q u e s t ,  selectee! p o r t i o n s  of b l ank  common and commons 

4F@LL@, FISBNK, NUTRON,  and USER. 

I n  a d d i t i o n  t o  t h e s e  d i a g n o s t i c  a i d s  t h e r e  are  numerous e r r o r  

messages p r i n t e d  from t h e  r o u t i n e s .  These messages are t x p l a i ~ e d  i n  

Tab le s  4.26 and 4.27. 

16 
*HELPER i s  a s l i g h t  r e v i s i o n  of TDOLP. 
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Table 4.26. Diagnos t i c  Messages From Inpu t  Module i n  M(8RSE 

xs EC 

XSEC 

JNPUT 

Subrou t ine  
P r i n t i n g  Message Meaning 
Message 

INPUT?. 'YOU CANT W I N  THEY ALL' Dimension of h l ank  coimron is too 

s m a l l  - i n c r e a s e  t h e  dimension i n  

M A I N .  

E i t h e r  t h e  number of media or t h e  'MEDIA I N  INPUT = -  

NMEP I N  XSEC = ___ number of groups is  s p e c i f i e d  

NMGP = -, NGP = - 
NMTG = , NTG = __ i n p u t .  

'TE>iPORARY CROSS-SECTION Dimension of h l ank  cornon is  t o o  

STORAGE EXCEEDS BLANK s m a l l  t o  a l l o w  s t o r a g e  of teo.por4x-y 

COkR-lON BY xxx' c r o s s  s e c t i o n s .  Inc rense  :ne 

d i f f e r e n t l y  i n  HdRSE and i n  I16RSEC 

dimension of b l ank  common i n  ? M I X  

by at l eas t  xxx.  

XSEC & 'PERMANENT CROSS-SECTICS S a w  as  above except  t h i s  a p p l i e s  

XSTAPE STORAGE EXCEEDS BLANK t o  pe rmanen t  c r o s s  s e c t i o n  s t o r a g e .  

COPWON BY xxx ' 
JNPUT '***JOB TERMSATED There i s  srm error  in t h e  u s e r ' s  

BECAUSE F I R S T  HOZlENT cross s e c t i o n  d a t a .  

WAS OUTSIDE RANGE, SEE 

PRINTOUT ABOVE FOR 

GROUPS**, - 3AD 
MOMENTS WERE FOVND' 

I********** I N  MISTURE Se l f - exp lana to ry .  Kate: T o  d a t e  

EiEHENT - WAS t h e r e  have been no  such x c u r r e n c c s .  -, 
MIXED I N  MEDID1 - THE 

RESTORED CROSS SECTIOSS 

DESTROYED THE CROSS SECTIOXS 

BEING PICKED UP. REORDER 

THE M I X I N G  OPERATIONS OR THE 

ORDER OF ELEMENTS AS IKPUT 
. .  
. I  



t c' B. 

4.8-3  

T a b l e  4.26 (Cont 'd . )  

S u b r o u t i n e  
P r i n t i n g  
Xessage 

Message Meaning 

ANGLES 'FIRST PlOMENT REJECTED. E r r o r  is called. I N  is t h e  group 

M(1) = -, If; = -, do ing  s c a t t e r i n g ;  0""' ;s t h e  group 

OUT = - , MIXTURE = s c a t t e r c d  t o ;  HI! , ' s  the  media  

' MOPIE1:T (-1 15 This o u t p u t  resu1. t~ from bad 

BAD, OeJTPUT FRO11 BbDPlOK' 
BtWPIbEI -- 

moments with t h e  B O T  a n d  

'PIIIBOT = __ TCP being t h e  allowable r a n g e .  bIU(-) = __ 
__- PIUTOP = --' 

'VARBOT = _I Y'lx(p) 

VARTOP = -' - - - 
'PlC:*!BOT = ___ XO?l(-) 

MO?I'iOP = - 
RANGE = - ERROR = 

.- - 

I - 
'FBOT = F(  1 = 

FTOP = __ 

RANGE = _ _ -  ERROR = 
1 - 

'---- FIND ROOTS OF Q P r i n t e d  on ly  i f  IPUN > 0. F I N D  

( )EXTIAD BEYOND 4-1' 

'---- FIhX ROOTS OF Q 
- 

(-)EXTEND BEYOND -1' 
GTNDSIC 'NOT ENOUGH CORE D i m e n s i o n  i n  blanl. common is n o t  

ALLOTTED, MEED -' l a r g e  enough as se t  i n  MAIS. 

GTSCT 'BLANK CObDlON EXCEEDLD Sane as above. 

I N  RFADING 0 6 R  CROSS 

SECTIONS - NORE CELLS 

NEEDED' 
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Tab le  4.26  (Cont'd.) 

Subrou t ine  
P r i n t i n g  Message Pleaning 
Messagt 

READSC 

READSG 

t Q 6 R  CROSS SECTIONS DO 

NOT COVER ENERGY RXVGE 

REQUIRED BY MORSE GROUP 
IGQPT. ' 
I * * *  CARD OUT OF O U E R  

***' 
'CARD __ WAS EAD IJHEN 

WAS EXPECTED. CARD _- 
CHECK CROSS SECTION CARD 

SEQUENCE I N  ELLNEST __ 
COEFFICIEK I' -' 
' ONLY __ CROSS SECTLONS 

WERE IjSED FKOX THE 

FOLLONlNG CARD' 

CANNOT BE -- I ELEMENT 

FOUXD' 

'ELEMENT _c CANKOT BE 

FOUND' 

I N S U F F I C I E N T  ROOM FOR 

DETECTOR ARRAYS. 

ND = --, NE = -, 
NT = I_ , NA = -9 

L W  = -, NLAST = -, 
NLFT = -' 

E i t h e r  IGqPT is s p e c i f i e d  wrong 

o r  t h e  crass s e c t i o n s  cover  t h e  

wrong energy r ange .  

Cards are no t  numbered s e q u e n t i a l l y  - 
code w i l l  c o n t i n u e  us ing  them i n  

t h e  order  t h e y  appeared b u t  warns 

t h e  user to c1iec:k h i s  c a r d  o r d e r .  

There is  prc.b;sb;le error i n  t h e  

nilnber n i  i:ross s e c t i o n s  on the 

l a s t  ca rd  for t ' h e  c r o s s  s e c t i o n s  

of a given e l emen t .  Too many 

numbers p r e s e n t .  

The r eques t ed  element is not 

, i resent  on ISTAPE. 

on i n p u t  and on. t ape .  

Sane as above. 

Check t h e  ID'S 

Dimension i n  b l s n k  comm~n i -  not 

l a r g e  enough t o  ho ld  t h e  a n a l y s i s  

d a t a .  I n c r e a s e  dimension of b l a n k  

cornran i n  Z M I N .  
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~zt .10 4.26 (Cont 'd.)  

Subroi: t ine 
P r i n t i n g  Message Heaning 
Pfessage 

- - -  --- 

'** EFaOR IN NNE, NE OR 
THE GROUP NWBERS -- 
PRINT I S  OF PIODIFIEI! 

VALUES' 

JdMlN 

E i t h e r  IB(hTE) d o e s  n o t  e q u a l  

XGPQTN or  IB(IUE) does n o t  e q u a l  

the maximum nunber of g roups .  l'he 

r o u t i n e  m o d i f i e s  t?ie u s e r ' s  d a t a  

t o  correct t h i s .  User shou ld  change  

h i s  I6 a r r a y  i n  his i n p u t .  

The body t y p e  g i v e n  does  n o t  e x i s t  

i n  t h e  code. 

The body t y p e  g ivcn  docs no t  e x i s t  

i n  che  code .  

There arc  iess :han 3 p o i n t s  t i l d t  

d e s c r i b e  t h i s  s l d e  - i . e . ,  tl:e 

u s e r  has def i r ied  a p o i n t  o r  a l i n e  

r a t h e r  t h a n  a s u r f a c e .  

The poii:ts d e s c r i b i n g  t h i s  f a c e  

are riot coplanzr .  

The number of l e g i o n s  fo r  which 

volumcs were c a l c u l a t e d  does  n o t  

equal t h e  :uiaber of r e g i o n s  i n  

the geometry.  
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4.8-6 

Tab le  4.27. Diagnos t i c  Messages From Other  Modules of M0RSE 

--- 
Subrout ine 
P r i n t i n g  Message Meaning 
Message 

-- 
FBANK 

GSTaRE 

FSPUK 

HQRSE 

COLI SN 

PTHE TA 

'WARNING***NO ROOY I N  ; 
BAhX FOR SEC3NDARIES*** 

'WARNIXti***NO ROOM I N  

BlifjK FOR SECONDARIES*** ' 

'NO FISSIONS CENERATED 

I N  LIST BATCH, __ 

BATLXES CO?fl'LETED' 

'XREG = __ ,'l)i9EC = __ 

VBEG ON CARD I MUST 

EE GE TO THE NUFlBEiZ OF 

REGIONS DESi:RIBED I N  

GEOXETRY INPUT ' 
' I N  G R P  = --, OUT 
GRP = - J = -  

PROB = __ Mi = --' 

'EilROR i n  PTHETA __ 
ISTAT = __ NCGLF = -I 

Naximum nl;mber of p a r t i c l e s  have 

been : er ,erated and t h e  bank is  f u l l .  

No more f i s s l o n  p a r t i c l e s  w i l l  be  

gene ra t ed .  

Maximum number of p a r t i c l c s  have 

been gene ra t ed  and t h e  bank i s  

f u l l .  

gene ra t ed  u n t i l  bank d e c r e a s e s .  

P rcb len  contnnues f o r  a f i x e d  source  

problen.  For a c r i t i c a l i t y  p rob len  

t h e  neutron popu la t io r l  113s d i e d  

away. 

S e l f  exp lana to ry  - cnange your  

i n p u t  da ta .  

No more gama r a y s  w i l l  be 

A l l  the s c a t t e r i n g  a n g l e  p r o b a b i l i t i e s  

are 0 o r  n e g a t i v e  for tnis group. 

An index is wrong or  t h e  da t a  on 

the a n g l e  of s c a t t e r i n g  has  beer, 

d e s t r c y e d .  

The u s e r  has ca l led  PTHETA without  

s a v i n g  Legendre c o e f f i c i e n t s  - 
ISTAT must b e  ,;on z e r o .  
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T a b l e  4.27 (Cont 'd . )  

S u b r o u t i n e  
P r i n  r i n g  
Message 

Message Mean i ng 

GQMST 'NAYE = - NMED = - 
NREG = __ x = -  t h e  geometry t r a c k i n g  f o r  t h i s  

Y = -  2 = -' p a r t i c l e .  There s h o u l d  b e  

A n  error  h a s  been  encoun te red  i n  

messages  b e f o r e  and a f t e r  t h i s  

g i v i n g  more i n f c m a t i o n .  G 1  w i l l  

p r i n t  a message and PR w i l l  Le 

c a l l e d  h e r e .  P a r t i c l e  w i l l  b e  

t r e a t e d  as an e s c a p e  and c a l c u l a t i o n  

w i l l  c o n t i n u e .  

EUCLID 'IRPRIH = - 
EUCI. I D  ' 

I N  

LVQKZ 

An error h a s  o c c u r r e d  i n  c a l c u l a t i n g  

t h e  number of mean free  path; t o  the 

d e t e c t o r .  There w i l l  b e  an e r r o r  

message ? r e c e d i n g  t h i s  which w i l l  

come fron G1. Program a l l o w s  

such  e r r o r s  b e f o r e  t e r n i n a t i o n .  

P a r t i c l e  w i l l  b e  t r e a t e d  as a n  

escape and w i l l  make no c o n t r i b u t i o n  

t o  estimate. 

' I R  = __ .x3 = , Zone h a s  n a t  been  found. Check 

WB = - __ , DIST = your  zone s p z c i f i c a z i o n s .  
I 

I I lA A R M Y '  

E n t i r e  1IA a r r a y  

p r i n t e d  

'FPD ARRAY' 

E n t i r e  FPD Array  

p r i n t e d  

'**** EXIT BEING CALLED 

FROM LOOLZ' 
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Tab le  4.27 (Cont'd.) 
-- - 

Subrou t ine  
P r i n t i n g  Pies s age Meaning 
Message 

NbRXL ' I N V A L I D  FSGION OR BOCY 

I N  NOPAIL.  IR = - 
NASC = -' o v e r w r i t t e n .  

NASC i s n ' t  i n  r e g i o n  I R  Check t o  

see i f  IR o r  XASC has been 

GG 'IN GG ITYPI; = - ITYPE is n o t  one of t h e  body types  

(1 - 9)  a l l o h e d .  User b a s  u s u a l l y  

o v e r s t o r e d  on Mx a r r a y .  

IR = - NRO = -1 

'NO V A L I D  DISTLVCE I N  G1 could n o t  de t e rmine  t h e  n e x t  

GI, -' body t h a t  t h e  r ay  will i n t e r s e c t .  

There is a p robab le  errar  i n  user's 

geometry s p e c i f i c a t i o n s ,  o r  he 

may have w r i t t e n  over  h i s  geometry 

d a t a .  

'********************** I n  o r d e r  t o  save some cornpurer t i c e ,  

G1 

'IR = X B  = W B  = 

'MA m l Y '  

- DIST = -' 

E n t i r e  >Ll a r r a y  

p r i n t e d  

'FPD ARRAY ' 
E n t i r e  FPD a r r a y  

u s e r  may uant: t o  i n c r e a s e  t h e  valri;.s 

of KAZ on h i s  zone s p e c i f i c a t i o n  

c a r d s .  Only harm done is increase 

i n  computer tine which is  of ten  

i n s i g n i f i c a n t .  

G1 could n o t  f i n d  t h e  n e x t  r eg ion  

t h a t  t h e  p a r t i c l e  would e n t e r .  It  

checked all regioi is  a n d  is saying. 

t h a t  t h e  p a r t i c l e  won't  enter any 

of them. 

p r i n t e d  
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Table  4 . 2 7  (Cont 'd . )  

Subroutine 
Pr in t iRg  Pies sage Meaning 
Message 
-- 
G 1  'EXIT BEING CALLED FROH Probable  error i n  zone s p e c i f i c a t i o n s .  

a, NEXT KEGION Nor Subrout ine  PR i s  c a l l e d  to p r i n t  

FOUND. ' out v a l u e s  from the geometry c 3 m o n s  

CbHLPC, DBG, and PAREH. Among the 

t a r i a b l e s  pr in ted  the f o l l o w i n g  

apply  t o  the maximum body number 

and therefore have no s i g n i f i c a n c e  - 
NEV, N, IW!, ZTYPE, S?:IN, IKP and 

LGCAT. The important v a r i a b l e  i s  

NASC v h i c h  is t h e  number of the  

n e x t  body t h a t  the r a y  will i n t e r s e c t .  

That is, the code can noL f i n d  what 

r c g i o n  t h i s  body i s  i n .  Check your 

zone spec i ; i c ; t ions  for  t h i s  body.  

'KOUi4Ll-OFF ERROR I N  Se l f - exp lanatory .  A p p l i e s  o n l y  to  

NORhlhL NBO-- ELL ana EOX. 

LSURF=-:IP=- - - ' 



4.8-10 

4.8.2.  Sub r o u t i n e s  

- Subrou t ine  BhXHLJ’ (NAME) * 
T h i s  r o u t i n e  o u t p u t s  (one p a r t i c l e  to  a l i n e )  a l l  of t h e  p a r t i c l e  

bank and, i f  used, a l l  of t h e  f i s s i o n  bank. 

countered,  i t  p r i n t s  a message g i v i n g  t h e  number o f  i d e n t i c a l  l i n e s .  

The l a s t  l i n e  is always p r i n t e d .  

C a l i e d  from: 

I f  i d e n t i c a l  l i n e s  arc en- 

HELP - when i ndex  IGXBP < 0. 

Subrou t ines  c a l l e d :  

IaMPA (A,B,H) ( l i b r a r y  f u n c t i o n  a t  Oak Ridge Nat ioi ia l  Laboratory - 
compares, b i t  by b i t ,  N b y t e s  o f  l o c a t i o n s  A and B; 

zero if A and B are i d e n t i c a l . )  

r e t u r n s  

Commons r equ i r ed :  

Blank, i W L L 0 ,  FTSBhK 
Var iab le s  r e q u i r a d :  

KSI GL - l o c a t i o n  i n  b l a n k  comon of cell ze ro  o €  :he par’icle 

bank. 

N M ~ S T  
I O  - l o g i c a l  u n i t  f o r  o u t p u t .  

KFISTE’ 

- maximum qumber of p a r c i c l e s  allowed f o r  i n  t h e  J a n k ( s ) .  

- index i n z i c a t i n g  t h a t  f i s s i o n s  are t o  be  cons ido ied  

i f  > 0. 

NFISBN - l o c a t i o n  i n  b l ank  comon of c e l l  z e r o  o f  t h e  f i s s i o n  

bank. 

*This r o u t i n e  is  a dummy on machines o t h e r  than t h e  IBM-360. 
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S u b r o u t i n e  HELP (ICALL, XNUMP, ILABP, ICXBP, IUSW) 

This r o u t i n e  i s  used  to output v a l u e s  of selected v a r i a b l e s  used  

I t  b y  the code ,  a t  a n y  d e s i r e d  point  i n  t h e  s o l u t i o n  of t h e  problem. 

w i l l  provide,  w i t h  s e t t i n g  of t h e  p r c p e r  s w i t c h ,  p r i r i t s  of: 

1) 
2) 

b l a n k  c o m n  from cel l  one up t o  the geometry d a t a  s t o r a g e ,  

first and l as t  e i g h t  words of geometry and cross-section d a t a  

storage areas, 
first and  l a s t  1 2  words of the  n e u t r o n  bank, or the  elitire 

n e u t r o n  and f i s s i o n  ( i f  used)  banks ,  

all t h e  u s e r  a r e a  i n  b l a a k  common (beyond t t c  n e u t r o n  and 

f i s s i o n  banks) * and 

l a b e l l e d  commons AP(bLL0, FISBNK, NtTRdli, and USER. 

3) 

4 )  

5) 

HELP h a s  been found u s e f u l  t o  t h e  writers of the code i n  debugging .  

For t h i s  pu rpose ,  t emporary  c d l l s  are i n s e r t e d  a t  p o i n t s  of i n t e r e s t .  

As the code  s t a n d s  now, c.111~ are made i n  ?I(?RSE a t  3 few p o i n t s  i n  t h e  

cctlc. that d i l l  not be rc>aciied unless  a n  error  o c c u r s .  

Ca l l ed  from: XLbRSE, TPlAPX, FPKQB,  GPR@B 

S i h r w t i r x s  c a l l e d :  

HELP E R* 

Bh'HII.P* - p r i n t s  a l l  of  t h e  n c u t r e n  bank ani? a l l  of the  fission 

bank If i t  i s  b e i n g  used .  

Func t ion  used: L@C 
Commons r e q u i r e d :  

V a r i a b l e s  r e q u i r e d :  

Blank, SU?R@N, FISBNK, AF'0LL0. USER 

I CALL 

IXLJ?fP - 0 f o r  p r i n t  of b l a n k  common. 

lLABP - > 0 for p r i n t  o f  l a b e l l e d  tommns .  

IGXP.1' 

- 4 EBCDIC c h a r a c t e r s  r e p r e s e n t i n g  l o c a t i o n  of ca l l .  

- > 0 f o r  p r i n t  of f i r s t  and l a s t  8 c e l l s  of geo-netry and 

c r o s s - s e c t i o n  s t o r a g e ,  and t h e  f i r s t  and last  12 c e l l s  

of the bank;  

< 0 €or above p r i n t  o f  geometry and cross s e c t i o n  and 

also t o  ca l l  B?.W.SP for comple t e  p r i n t  of t h e  n e u t r o n  

and f i s s i o n  ( i f  u sed )  banks .  

*This r o u t i n e  is a dumay e x c e p t  on the IBY-360 s.ystem. 



63 
ICSRP 

PlMTG 
LQCWTS 

KGP REG 

LQCRJL 
WXREG 

LWEPR 

L0cNSC 

MEDIA 
LNFSN 

NGEQM 

NSXGL 

NLAST 
NLEFT 

.I* , "  

4.8-12 

- > 0 for p r i n t  of user a r e a  i n  blank c o m ; ~ .  

- total number of energy groups. 

- l oca t ion  of ce l l  zero  of weight s tandards  arrays.  

- product of number cf groups and reg ions  for weight 

- l oca t ion  of c e l l  zero of FWL0 ar ray .  

- number of regions for weight s tacdards .  

- l oca t ion  of cell zero of energy group b i a s  a r r ay ,  

s tandards.  

( = 0 i f  energy group b i a s  n o t  being used). 
- l oca t ion  of ce l l  zero of s c a t t e r i n g  cotintc!r ar rays .  

- number of media  i n  cross sec t ions .  

- l o c a t i o n  of ce l l  zero of FISH ar ray .  

- l oca t ion  of c e l l  one of geometry da t a  s torage .  

- l oca t ion  of l a s t  c e l l  i n  permanent cross-:secLion 

s torage .  

- l a s t  cell used by neutron or fission bank. 

- number of cells ava i l ab le  t o  user  bcyond banks. 



*This r o u t i n e  is a durmy o n  machines o t h e r  t h a n  t h e  IBY-360 .  

4.8-13 

S u b r o u t i n e  HELPKR (A, SNIT, t!LAST, NAME, IO)* 
HELFER e n a b l e s  t h e  user to  o u t p u t ,  i n  d e c i n a l  form, any p a r t  of a 

s i n g l e - p r e c i s i o n  (4-byte  word) a r r a y  a t  an: p o i n t  i n  t h e  program. The 

uSer need  n o t  know whether  t h e  numbers are i n t e g e r  ur floating p g i n t .  

IJumbers c h a t  can b e  t r a n s l a t e d  as i n t e g e r s  i n  t h e  range +16'(tIb777216) 

w i l l  be pr in ' led  as such;  

- +lb44(%10'76) and  - +1663(x1075). 

coun te red ,  %$T. USED" i s  p r i n t e d .  

i n  an E11.5 or  E l l  format and i d e n t i c a l  l i n e s  are r e p l a c e d  IJY a "REPEATISS 

LINE YATTERW" message ( e x c e p t  t h a t  t h e  l a s t  l i n e  of an 3frar' o u t p u t  is 

always p r i n t e d ) .  

C a l l e d  from: HELP, XSQlLP 

Sub ruu t i n e  s CA 1 l e d  : 

f l o a t i n g  numbers ar? hand led  corrr'ctly between 

If t h e  junk word (48k&84d16) Is en- 

Nurabers are p r i n t e d  e i g h t  t o  a l i n e  

SUBRT 

ICQYPA - ( l i b r ~ r v  function at Oak Ridge  NaLionsl Lo5ora:or:; 

>eta HSKH1.P WI i t t -up)  . 
Var i ab1 c s  req 111 red : 

A - f i r s t  word of array of i:lcercsL. 

I N I T  - f i r s t  4-oyte word of a r r a  A to be ~ i i t j ) ~ ; .  

MAST - l a s t  4-t,,tc word of  a r r ay  to  be  o u t p u t .  

N LHE - 6 h o l l e r i t h  i h a r a c t e r s  t o  hi* .;&d as 2 l n b e i  

IO - oucput u n i t .  
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-- Subrou t ine  S E X 2  ( A ,  N, A l l *  

SLXRT is an assembly language r o u t i n e  c a l l e d  by HELPER t o  perforiz 

conver s ion  of a 4-byte conpu te r  word t o  a s t r i n g  of l i o i l r r i t h  c h a r a c t e r s .  

I t  tests f o r  unused elements  (4848484816) r e t u r n i n g  the s t r i t ng  "NQT 
USED", d e c i d e s  whether t h e  n u d e r  i s  an i n t e g e r  or f l o a t i n g  poinr,  con- 

verts the nunber i n t o  h o l l e r i t h  i f  €loating p o i n t ,  and ca l l s  1NY:BCD i f  

inte;;er. 
i n t o  5 n l l e r i t h  snd p a s s e s  conLrol  back co SUBKT. 

Ca l l ed  f rcm: HELPER 

RoutiRer. c a l l e d :  

TXTHCD 

IKTBCD ia c a l l e d  t o  conve r t  all numbers f r  r e c e i v e s  as inttagcrs 

- library s u k r w t i n e  at. Clak Ridge h a t i o n d  Labaratory;  

c o n v e r t s  a &-byte i n t e g e r  t o  an EBCDIC: string. 

V A I  iatjles r equ l r ed :  

f\ - 4-byte b u m  LO c" c o n v e r t e d .  

*i - formit s i z e  (!ILLPER c a l l s  - J i t h  ?: = 11 r c s u i t f n E  i!i 111 

and I P E l  I .  5 fomiat.;) . 
Varinbli.:; r:i:an):eC: 

.i 1 - f i r s t .  word  of  1 2 - b y t c  a r r a y  io1 s t o r a g e  of k.IJllcrit:i 

s t r i n g .  

*This  r o u t i n e  LS not used on machines o t h e r  t han  t h e  LBY-360.  
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Subrou t ine  XSCltLp (IBCDUM, NAHE) 

This r o u t i n e  o u t p u t s  i n  decimal o r  i n t e g e r  fo r3  t h e  c o n t e n t s  of 

t h e  commoas used i n  t he  c r o s s - s e c t i o n  module, as w e l l  as t h e  c o n t e n t s  

of the various d r o s s - s e c t i , n  a r r a y s  i n  blapk comxm. (See Table 4.16 
f o r  layout of t h e  cross-section a r e a . )  Tnis s u b r o u t h e  may be c a l l e d  

from any l o c a t i o n .  

v a l u e s  i n  LQCSIC common. 

C a l l e d  fron: READSS, PTKETA, XSEC, and AVGLE ( j u s t  b e f o r e  error c a l l s ) .  

Subrou t ines  c a l l e d :  HELPER (by  IEX-360 v e r s i o n )  , 

Furictions used: 

Cormnor - a  r equ i r ed :  Blank, LgCSIG, >ELINS, ?16:%NT, Q.X. FESLZT. 

V a r i a h i e s  r e q u i r e d :  

Versioils o t h e r  than t h e  IBM-360 p r i n t  only the  

LflC (by  IBH-300 v e r s i o n ) .  

IBCDCY - c o n t e n t s  of b’.ank c o m n  a r e  p r i n t e d  i f  0. 

N .&.E - a fou r -cha rac t e r  word to  i n d i c a t e  t h e  c & l l i ? ;  ?rogra.m. 
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4.9. HARDWARE AND SOFTWARE FXQUIREMEXTS 

4.9.1. Hardware Requirements 

Three v e r s i o n s  o f  HdIQRSE are a v a i l a b l e ;  one each for t h e  IBX-360 

system, t h e  CDC-6600 system, and the UNXVAC-.L108 system. I t  h a s  been 

run on t h e  IBM-360/75,/91 and /195, on t h e  CDC-6600 and on t h e  LYIVAC- 

1108. As p r e v i o u s l y  mentioned i n  S e c t i o n  4.4 t h e  main memory s t o r p g e  

requirement  i n  b y t e s  is of t h z  o r d e r  of l55,000+4x(hlank common s i z e  

i n  words) n o t  i n c l u d i n g  system l i b r a r y  r o c t i n e s .  The c o m b i n a t o r i a l  

geometry i n p u t  r o u t i n e s  use temporary s t o r a g e  on l o g i c a l  u n i t  16 which 

should p r e f e r a h l y  b e  a d i s k .  The amount of s t o r a g e  needed on the disk 

depends on t h e  number of b 3 d i e s  and zones i n  t h e  system s i n c e  t h e  n c t u a l  

geometry i n p u t  data is w r i t t e n  o u t  on u n i t  16. T h e  s t a n d a r d  i n p u t  and 

o u t p u t  u n i t  numbers are s p e c i f i e d  by t h e  u s e r  i n  t h e  main prograq.  NO 

o t h e r  t a p e s  o r  d i s k  space  are r e q u i r e d  u n l e s s  t h e  us'r h a s  h i s  cross 

s e c t i o n  data on tape o r  d i s k  o r  is  w r i t i n g  R c o l l i s i o n  t a p e  i n  vhich 

case he spec i f i e s  t h e  l o g i c a l  u n i t  numbers in h i s  i n p u t  d a t a .  Xdf'SE 

a l s o  sanples t h e  c l o c k  t o  de t e rmine  t h e  C . F J . U .  t ine used. 
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4 . 9 . 2 .  L i b r a r y  Rou t ines  and Func t ions  

The l i b r a r y  r o u t i n e s  used by t h e  ?ldRSE sys t em i n c l u d e  t h e  s t a n d a r d  

110 r o u t i n e s  and t h e  f o l l o w i n g  r i a themat i ca l  f u n c t i o n s :  

ABS, I U S ,  and  DABS 

EXP 

MAX0 

MOD and AMQD 
SIGN and DSIGN 

SQRT and DSQRT 

I n  a d d i t i o n  t o  t h e s e  r o u t i n e s ,  t h e r e  are c e r t a i n  o t h e r  scbrout j r :vs  

and f u n c t i o n s  used which a r e  l i b r a r y  r o u t i n e s  a t  t h e  p a r t i c u l a r  i n s t a l l s -  

Lions where t h e  d i f f e r e n t  v e r s i o n s  of PldRSE were developed .  

r o u t i n e s  -$hose d e s c r i p t i o n s  f o l l o w  are n o t  providpd w i t h  Pf0RSE. 

. 
These 

Sub r o u t i n e  
3~ F u n c t i J s  

L3 c 
I NTdYC 

INTBCD 

ICJEPA 

YdDEL 

I DAY 

LLZOCK 

ISSERT 

ERTkLV 

TICKER 
SECdND 

Ca l l ed  From --- 
YAIK, x ' s c i c ,  :IELP 

DATE 

DATE, 'TIMER, SUBRT, hKW 

INPUT1, BNKHLP, HELPER 
INPUT1 

I \\'E EK 

T I M E R ,  PIgRSE 

TTMEX, NRUP: 

D2XTE: 

CPUTZM 
CPUTIM 

Sys tem Usi1igJ-L 

I H PI- 36 z 
18 I.1- 3 50 

I BP1- .-tG 0 

1BM- 36 0 

IBPI-360 

I 6?1- 360 

1 BM- 36 0 

I BN- 3 60 

L! I \ AC- 1 19 b 

UN 1Vr;C- 11@ 8 

CDC-660G 

There  are several u s e s  of t h e s s  l i b r a r y  s u b r o u t i n e s .  One i s  :G 

p r o v i d e  t h e  t i m e ,  day of t h e  wcck, and  y e a r  t h a t  t h e  j o b  is  b e i n g  exe- 

c u t e d .  

t h e  amount of C.P.U. t ime used  pe r  b a t c h  and f o r  input: and o u t p u t .  

dbvicite s e v e r a l  of t h e s e  l i b r a r y  s u b r o u t i n e s ,  d u m y  s o b r o u t i n e s  TI?ER 

and DATE may be u w d .  

a b s o l u t e  loca t io r ,  o f  v a r i a b l e s  i n  commons, t h e  d e t e r m i n a t i o n  of a re- 

p c a t i 3 g  a r r a y ,  a "not  u ~ e d "  f e a t u r e ,  and a n  i n t e g e r  o r  f l o a - t n g  p o i n t  

A second u s e ,  p rovided  by S u b r o u t i n e  TT>rE:R, i s  i n  de t e rmin ing  

To 

A t h i r d  u s e  i s  i n  t h e  d i a g n c s t i c  module. The 
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o u t p u t  are t h e  f e a t u r e s  of t h e  d i a g n o s t i c  nodu le  t h a t  r e q u i r e  t h e s e  

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

w r i t t e n  r o u t i n e s  can b e  s u p p l i e d  f o r  XSCHL?, IiNKtILP, and HELP. 

I f  simil;r r o u t i n e s  are nor: a v a i l a b l e ,  o t h e r  user- 

S e v e r a l  o t h e r  u s e s  of t h e s e  r o u t i n e s  are m d e ,  b u t  t h e y  are rela- 

t i v e l y  unimportant .  

depending on the machine on which t h e  job is h e i n g  execu ted .  

used by INPUT1 to  t e r m i n a t e  a j o b  when a non-blank or alphanumeric 

c h a r a c t e r  appea r s  i n  t h e  f i r s t  column o f  Card A. While none of t h e s e  

f e a t u r e s  are n e c e s s a r y  t o  t h e  o p e r a t i o n  of X@KSE, t hey  have proven t o  

b e  q u i t e  u s e f u l .  

MODEL i s  used t o  scale MAXTIM on t h e  IBM-360 system, 

IC@?IT'A i s  

f 
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Funct ion I CLaCK 

Th i s  f u n c t i o n  is used i n  t h e  fo l lowing  manner: 

I = ICLQCh (0) 

The f u n c t i o n  r e t u r n s  the r e a d i n g  of t h e  coluputer timer wi th  t h e  va lue ,  

i n  hundredths  ( .Ol)  of  seconds,  t o  b e  s t o r e d  i n  a n  imteger*4 v a r i a b l e .  

For c o m p a t i b i l i t y  wieh o l d e r  systems,  t h e  f u n c t i o n  may be c a l l e d  by 

the  name ICL0CKF. For example: I = ICLgCKF (0). The argument of t h e  

f u n c t i o n  is n o t  used ,  so  0 is sugges t ed  f o r  use.  

The d i f f e r e n c e  between two s u c c e s s i v e  c a l l s  of ICL?CK i s  t h e  t i m e  

i n  hundredths  of seconds between t h e  two cal ls .  

Examp l e  : 

I = I C L O r n  (0) 

computation p o r t i o x  c f  program which t a k e s  4 2 . 7 j  seconds of CPU tiae 

J = ( ICLQCK ( O ) - I ) / l O O  

PSTNT 1, J 

1 FOR?L-\T (8H_TI?E-=-, I5,20H - SECONDS-OF-CPU-TIME) 

TIPE = 4 2  SECGSDS 3f. CPU T E E  hou ld  be  p r i n t d  o u t .  
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F u n c t i o n  I C W  

This fu r l c t ion  is used  i n  t h e  f o l l o w i n g  manner: 

I = IC@"A (ARGI ,  ARG2, €4) 

The r e s u l t  o f  t h e  f u n c t i o n ,  s t o r e d  i n  t h e  i n t e g e r * 4  v a r i a b l e  I,  is -1, 

0 ,  or  1. The f u n c t i o n  compares ARG!. and ARG2. The nnmber o f  b y t e s  to 

be compared is s p e c i f i e d  by t h e  i n t e g e r * 4  valbe N where N m y  b e  1 

th rough  256. I f ,  for example,  N is  1 t h e n  t h e  f i r s t  b y t e  o f  AKGL is  

compared wi th  t h e  f i r s t  b y t e  o f  ARG2.  I f  N is 4 t h e n  t h e  f i r s t  f o u r  

b y t e s  o f  A R G l  a r e  compared w i t h  t h e  f i r s t  4 b 'y t c s  of ARG2.  

This f u n c t i o n  is p a r t i c u l a r l y  u s e f u l  i n  comparing a lphanumer ic  

T h i s  a v o i d s  any o v e r f l o w  o r  unde r f low i n t e r r u p t s  which c h a r a c t e r s .  

might  o c c u r  i n  t h e  a r i t h m e t i c  s u b t r a c c l o n  of two v a r i a b l e s  c o n t a i n i n g  

a lphanumer ic  d a t a .  

a c t e r s  of  i n t e r e s t  t o  b e  compared which e l i m i n a t e s  t h e  need  f o r  b l ank  

f i l l i n g  of a l p h a n u m r i c  d a t a  in some i n s t a n c e s .  

Also t h i s  f u n c t i o n  allows o n l y  the n u d e r  of cha r -  

Coxpar i son  s tar ts  aL t h e  l o c a t i o n s  s p e c i f i e d  by ARC1 and ARC2 snd  

p roceeds  f rom l e f t  t o  r i g h t ,  b i t  by bit. 

f u n c t i o n  w i l l  be  0 i f  t h e  s p e c i f i e d  number o f  b y t e s  of  A K G l  are the 

same a s  t h o s e  of  ARGZ; t h e  r e s u l t ,  1, w i l l  be  r e t u r n e d  i f ,  g o i n g  from 

l e f t  to  r i g h t ,  a b i t  i n  A R G l  is  1 and t h e  c o r r e s p c n d i n g  b i t  i n  ARG2 is 

0; 

b i t  i n  ARG1 i s  0 and t h e  c o r r e s p o n d i n g  rJit in ARG2 is  1. 

The r e s u l t  r e t u r n e d  by t h e  

t h e  r e s u l t ,  -1, w i l l  b e  r e t u r n e d  i f ,  gc,ing from l e f t  t o  r i g h r ,  a 

I f  N is less t h a n  o r  e q u a l  t o  0 ,  t h e  v a l u e  r e t u r n e d  by t h e  f u n c t i o n  

is 0. I f  N i s  g r e a i c r  t han  256, t h e  r e s u l t  w i l l  b e  mean ing le s s .  The 

f u n c t i o n ,  IC04LPA, is  a l s o  a v a i l a b l e  on  t h e  l i b r a r y  under  t h e  name 

I C @ k P A R E ,  t h u s  I = IC0N'ARE (ARG1,  ARG2, ,. 

Example: 

l e t t e r s  hB. I f  t hey  a r e ,  b ranch  to  s t a t e m e n t  20.  

Test t h e  f i r s t  two c h a r a c t e r s  of (1 t o  sce i f  t hey  a r e  t h e  

READ 1, Q 

1 F8FWiT ( A h )  

IF(ICfl?IPA ( Q ,  ZHAB, 2) .EQ. 0) GQ Td 20 

Example: 

X. I f  i t  i s ,  b r a n c h  t o  s t a t e m e n t  40. 

T e s t  t h e  27 th  c h a r a c t e r  on a c a r d  t o  sce i f  i t  i s  t h e  l e t t e r  
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L(dGIctU*l  Q( 8U) 

READ 1. Q 
1 F@R!WT (80Al) 

IF(IC3JHPA (Q(27) , 'X', 1) .EQ. 0) G0 T8 40 
E x a m p l e :  

1 and 2 and d a t a  i n  columns 3 through d are  t o  be  read i n t o  the compu- 

ter and sorted i n  ascending order o r  the i d e n t i f y i n g  characters .  

Ten input cards with i d e n t i f y i n g  characters  puilcfied in column 

REPL*8 A(  10) TEMP 

READ 1, A 

1 NRWT (A8)  

2 Do 3 I = 1 , 9  

IF(ICd?lPA ( A ( I ) ,  A(I+l), 2) .LE. 0) G8 T$ 3 

TEPP = A ( I )  

A(1) = A(I+l; 

A( I+1) = TE?P 

C4 TO 2 

3 C0STLXUE 

END 
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Subrou t ine  IDAY 
T h i s  s u b r o u t i n e  is c a l l e d  i n  t h e  fo l lowing  manner: 

CALL IDAY (WHEN) 

The s u b r o u t i n e  r e t u r n s  t h e  d a t e  as 8 EBCDIC c h a r a c t e r s  c o n s i s t i n g  

of t h e  month, day and )ear s e p a r a t e d  by minus s i g n s ,  f o r  example, 

05-29-55. 

by t h e  a r s m e n t .  

s ioned  v a r i a b l e  of a t  least  two words of type  reslrc4 or in t ege r*4 .  The 

d a t e  may then b e  p r i n t e d  u s i n g  an A 8  format (wt th  3 r ea l*8  argument) 

o r  a 2AL kcmet ( k i t h  two real*4 o r  in t ege r*4  words).  

Example: Program run on May 20, 1968. 

The e i g h t  b y t e  d a t e  w i l l  b e  p l aced  i n  t h e  l o c a t i o n  des igna ted  

Tne argument may be one word of type real*8 or a d i m n -  

IIEAL*8 TldDAY 

C ~ L L  IDP ( TQDAY) 

PRINT 2 ,  T0DAY 

2 F@kHAT (lOtl_T@DAY-IS-,A@) 

TODAY IS 05-20-68 would be p r i n  red .  

Example: Program run on May 20, 1968. 

1NTEGER*4 N@W( 2)  

CALL IDAY (N(%) 

PRINT 3, N@W or PRINT 3,  N@W(l), NgW(2) 

3 F@R?IAT (14H-l'"~S-DATE-IS-, 2Ah) 

THIS DXTE I S  05-20-68 would be p r i n t e 2 .  

I 



Function I& 

This f u n c t i o n  is used i n  the  fo l lowing  manner: 

I = L0C (>o 
The r e s u l t  s t o r e d  i n  t h e  i n t ~ g e r x 4  l o c a t i o n  I is t h e  c o r e  a d d r e s s  of 

t h e  argiunent X. 

where s t o r a g e  of v a r i a b l e s  is no t  used i n  a s t r a i g h t f o r w a r d  manner. 

Th i s  f u n c t i o n  can be  u s e f u l  i n  c e r t a i n  s i t u a t i o n s  

Function ?@DEL ~ - -  
This i n t ege r*4  f u n c t i o n  is used i n  t h e  fo l lowing  manner: 

M = ?@DEL ( 0 )  

The f u n c t i o n  r e t u r n s  e i t h e r  t h e  value 2 o r  t h e  v a l u e  91 a s  t h e  

r e s u l t  depending on witether t h e  computer t h e  program is running on 

is t h e  36c!/75 cr t h e  360/91. The argumpnt of the f u n c t i o n  is n o t  

used, s o  0 i s  suggested f o r  use.  

Example : 

M = )@DEL (0) 

PRINT LOO, M 

100 F@R?IAT(' 16H_CQ~cUTE~-IS_~l0DEL, 13) 

CaFPLTER I S  M$DEL 75 would be p r i n t e d  o u t .  

4.9-8 
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Masking F u n c t i o n s  

I t  c a n  be c o n v e n i e n t  to  have  a method for o p e r a t i n g  w i t h  one or  
more b i t s  i n  a series o f  b i t s .  

u s u a l l y  h a v e  t o  be man ipu la t ed  i n  o r d e r  to  test or compute w i t h  then .  

Tha t  is, e x p e r i m e n t a l  d e v i c e s  m i g h t  w r i t e  on t a p e  300 b i t s  o f  i n f o m a -  

t i o n  w i t h  e x h  s u c c e s s i v e  15 bits c o n t a i n i n g  onti " p i e c e  of data". 

M a n i p u l a t i n g  or e x t r a c t i n g  t h e s e  b i t s  can b e  q u i t e  clu!sjr i n  FBRTltLU 

and many programmers p r e f e r  to  w r i t e  machine l anguage  s u b r o u t i n e s  t o  

o p e r a t e  on  the d a t a  to  p roduce  "System/360 meaningfu l"  numbers.  

ha l fway p o i n t  be tween F g R T W  cod ing  and  machine l anguage  c o d i n g  1s 

prov ided  by t b e  g roup  of f u n c t i c n s  d e s c r i b e d  h e r e .  

cal" o p e r a t i o n s  o n  words which are 32 bits i n  l e n g l h  ( i n t e g e r * 4  or  

r e a h 4  words) .  

t y p e  r e a l * 4  or type  i n t e g e r * 4  depending  on t h e  name chosen .  

t h e r e  are t h e  two f u u d t i o n s  u!D and T A X I .  

of t h e  f u n c t i o n s  i s  i d e n t i c z l .  However, because of t h e  F#RTL%S nn-ing 

For example, d a t a  from e x p e r i m e n t s  

A 

They pe r fo rm " log i -  

The f o u r  m s k i n g  f u n c t i o n s  d e s c r i b e d  mag b e  e i t h e r  of 

For example, 

The r e s u l t  r e t u r n e d  by ei ther  

c c n v e n t i o n s ,  t h e  FORTFA% c o r p i l e r  t r e a t s  tiie f u n c t i o n  AXD a s  n r e d + ; $  

f u n c t i o n  and t h e  f u n c t i o n  1tWD as a n  i n t e g e r * 4  f u n c t i o n .  Thus: 

F=IAND(X,Y) and Z=AXD(S,Y) m u l d  r e s u l t  i n  K arid Z h a v i n g  i d e r r t i c a l  bit 

p a t t e r s ;  K = A i I D ( X , Y )  would c a u s e  t h e  r e s u l t  r e t u r n e d  by :he AND f u n c t i o n  

t o  b e  t r e a t e d  as a r e a l * 4  v a l u e  and t h e n  c o n v e r t e d  t o  an  i n t e g e r * 4  valu? 

b e f o r e  b e i n g  s t o r e d  i n  K. 

t h e  u s e  of two d i f f e r e n t  :iames for f u n c t i o n s  pe r fo rming  t h e  same L o g i c a l  

operat ion.  

real*& o r  in t eqe r*4 .  

T h i s  is almost a lways  u n d e s i r a b l e ;  hence  

I n  a l l  f u n c t i o n s  d e s c r i b e d  any a r g u r e n t  may b e  of typ2  
No conver s ion  i s  per formed on any argument .  
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Funct ions AND and IAVD 

A=AND(ARCL,ARCZ) o r  L=IAKD(ARCl ,ARG2) 

These f u n c t i o n s  r e t u r n  t h e  l o g i c a l  p roduc t ,  b i t  by 'oft:, of the fwo 

arguments. The product  t a b l e  is: 

O X P O  

Oxl=O 

lxO=O 
l x l = l  

-- Funct ions 0R and I@x 

A=@R(AHGl,ARCZ) or  T=I@R(ARGl ,ARC?) 

These f u n c t i o n s  r e t u r n  t h e  l o g i c a l  sum, b i t  by b i t ,  of AKCl and ARGZ. 

The l o g i c a l  sum t a b l e  is: 

o+o=o 
0+1=1 

1+0=1 

1+1=1 

-- Funct ions XCBR and IXdR 

A=XC@R(ARGl,ARG2) or I=I:iCQR(tlEGl,ARG2) 

These f u n c t i o n s  r e t u r n  t b e  e x c l u s i v e  or  (modulo-two :;urn), b j  t by b i t ,  

c.f X R G l  and ARG2. Tne e x c l u s i v e  o r  t a b l e  is: 

o+o=o 
0+1=1 

1+o=1 

l + l = O  

Funct ions C@PL and IC0XPL 

A=CQXPI. ( A  RC1) or I =I CO?zPI. ( ARC1 ) 

The functions r e t u r n  t h e  cordplenrent, b i t  by b i t ,  of ARC1. The coin- 

plement of 0 is 1 and the complement of 1 is 0. 
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Assume A R G l  and ARG2 have as the first four b i t s  of the ir  32 b i t s  

The result of each function is  given: those shown i n  the table below. 

FUNCTIgN AND-IAXD QR-IQR c@MPL-ic@)IQL X C ~ R - I  X C ~ R  

ARGl 1010 1010 1010 1010 

ARC2 1100 1100 1100 

RES'ZLT 1000 1110 0101 0110 

. 
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Charsrter  Manipulation Suorovt i z  

I n  ardcr to  f a c i l i t a t e  charac ter  m a n i p u l a t i o n  using t h e  Fortran 

l anguage ,  a grolrp of s u b r o u t i n e s  is a u t o m a t i c a l l y  z v a i l a b l e  fo r  use 

from t h e  sys t em library. 

A c h a r a c t e r  s t r i n g  is dcf i , i ed  as a c o n s e c u t i v e  group of b y t e s  

s t o r e d  i n  memory. The l i s t  byte  of m y  s t r i n g  is  a b y t e  h a v i n g  t!ie 

value 00. 

c a t e d  by t h e  c h a r a c t e r  A i n  t h e  f o l l o w i n g  t e x t .  I n  p a r t i c u l a r ,  the 

c h a r a c t e r s  ?f  i n t e r e s t  are n o r m l l y  t h o s e  which can  be key;Junched. 

T a b l e s  of t h e  b y t e  r e p r e s e n t a t i o n  of each c h A r a c t c r  a p p e a r  i n  several 

IBPI/360 r a n u a l  a p p e n d i c e s .  One conven ien t  r e f e r e a c e  is t h e  ''green 

card", ,iB?l S y s t e m / 3 6 0  Ceferc!ncc Data, Form 520-1703. T h e  f c t c c r  ;i has 

the ticxidecimal r e p r e s e n t a t i o n  C1, R i s  33, 1 1 s  F1, 9 is FY, S is 53.  

The hexadec imal  r c p r ~ s e n t s t i u n  09 is r e s e r v e d  for  use as8 tile srririg 

t c m i r d t o r .  Thz l e n g t h  of a s t r L n g  i s  the number of char.lcters p r e -  

ccdkig  t h c  A .  A s t r i n g  can  113ve n l c n g t h   if U o r  n:iy p o s i t i v e  ..*aliw 

d e p e n d i n g  so le ly  o11.  t.he computer s t o r a g e  :;er a s i d e  b y  c!rc p r o g r x z w r .  

One method for  d e f i n i n g  ; torage fo r  a s t r i n g  is use  t h e  t y p e  Iogicdi*l. 

f o r  t h e  s t r i n g  v a r i a b l e  name. For example,  the F o r t r a n  s t s t e w a t  

LdCICAL*l S(25) would a i lor ;  t h e  s t r i n g  desigriated b y  X t3 hhve B naxi- 

mum l e n g t h  of 2 4  b y t e s  (one byte  e x t r a  be-ilig used f c r  t h e  tt?rmina:or). 

This p a r t i c u l a r  b y t e  is cdlec!  t h e  t e r m i n a t o r  and is indi- 
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Subroutine INSERT 

This sobrout ine  i s  used as follou6: 

C N . L  1EEP.T (ST?., J ,  N, Q) 
This  might be "rcad" as: 

s t r i n g  STR, the f i r s t  N c h a r a c t e r s  from Q.  

and Q is :rSTA, Jab and N m 2 ;  

sist of t h e  s t r i n g  ABlRSZS?. 

The f o l l o d i n g  is allowed: 

W L  ZSSERT (STR, J ,  2, ZHRS) 

a n 3  has &he sane e f f e c t  as  i n  the f i r s t  exaaple. 

insert, beginning at the J t h  charac ter  i n  the 

I f  origirlally STR is AB12$& 

a f t e r  the CALL statement, STR would con- 

Q does  n o t  necessarily have to be a string. 

SIR may Ce a variabzc of any type declaration, for  e?z?iq)le, 

L d C i C i c i * l  STR(32)  or F&AL*8 STR(4). The o n l y  rescr icc ion i s  t h a t  the 

l e n g t h  of t h e  s t r i n g  stored i n  STR may never DC greater t han  31 ( f o r  

the dcc larat ians  above).  J i s  an intcgcr*h s a r f a b l c  01: a CcttstanL. 

I f  J Is greater t h a n  the I m p t h  of t h e  s t r i i i g  STK, thcxl thc- c t ? . % r ~ c c e r s  

fron '.( are i : i s c r t t * d  a t  t i l e  5 ~ r x i  of the  s t r i n g  STR ( i m d i a t c l y  pricec;i.rg 

t h e  t e rmins tor ) .  If STK f s  2~. .12$. ' )  a.rd J i s  6 '3r grcharcr t h e n  w i t t i  N.12 

and Q being Z H G ,  the resli it ing s t r i n g  in STR uculd  h: I f  

J i s  le!;s t han  or equal t o  0, z s t r i n g  of length !J is f o n w d :  

INSERT (STR, 0 ,  2 ,  2 H K )  uould  r e s u l t  i n  STR becoming RS&. 

less t h a n  or equal to 0 ,  no action i s  taken.  If  N i s  grea:er t h a n  

the l c n g t h  of (2, u n p r e d i c t a b l e  results w i l l  occur. 

;212SRS:.. 

CALL 

If N i s  



I 
i 

I 

4.9-14 

S u b r o u t i n e  INTOBC 

T h i s  s u b r o u t i n e  is  used as fo l lows :  

CALL INTQBC (INT,  STR) 

The i n t e g e r k 4  v a l u e  of INT 1s conver t ed  to EBCDIC and s t o r e d  i n  S t r i n g  
form a t  STK. ThC t e rmina to r  A i s  p l a c e d  a f t e r  t h e  S t r i n g -  A minus 

sign, € o r  n e g a t i v e  values of INT,  w i l l  b e  t h e  f irst  c h a r a c t e r  of STR. 

A p l u s  s i g n  is  not used. This s u b r o u t i n e  may a l so  b e  c a l l e d  under 

t h e  name INT0BCD: C.XLL INTgBCD ( I N T ,  STR) - 
HEX 

FlOO 
-5A 16OF502 

FGOC‘ 
1237A FlF2F?FiSo 

INT STR 

1 1 A  

-5  
0 OA 

1237 

- Subrou t ine  JNTBCD 

T h i s  Subrou t ine  i s  used as follows: 

CALL lNTBCD ( I N T ,  STR, L) 

The r e s u l t  of u s i n g  t h i s  s u b r o u t i n e  i s  t h e  saw a s  i t  t he  f o l I c < i n g  

two consecu t ive  CALL statemellts were m d e :  

CALL LENGTH (STR. L) 

Thus, b e s i d e s  conve r t ing  aa i n t e g e r  t o  s t r i n g  fcm at STK, the lel.gth 

of t h e  r e s u l t i n g  s t r i n g  i s  a l s o  r e t u r n e d  i n  t-he i n t e g e r * 4  v a r i a b l e  L .  

T h i s  s t ~ b r o u t i n e  may a l so  b e  c a l l e d  under t h e  name I!dll3CDL, CALI. ISYBCDL 

(INT, STR, L) - 
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- Subrou t ine  ERTRW (I, D, T) 

This routire g e n e r a t e s  a s t r i n g  of  d a t a  c o n t a i n i n g  t h e  m n t h ,  day, 

y e a r  clnd time on the Uh'IVAC-1108 when i t  is  c a l l e d .  

montb, day and year, and T c o n t a i n s  t h e  tin;e. 

D c o n t a i n s  t h e  

Funct ion TI  CKEK (a'&) 
Th i s  f u n c t i o n  is  used i n  the f o l l o w i n g  manner: >l=TICKER(O).  The 

f u n c t i o n  r e t u r n s  t h e  r e a J i n g  of t h e  computer timer i n  s i x t i e t h  of 

seconds on t h e  USIVXC-1101). 

Subrout ine S E C $ S ! I l  

Ttlis r o u t i n a  is used  as follows: C'1L.L SECCSD(T).  
The r e s u l t  of this c a l l  is t h a t  t h e  C . P . U .  t ine  on t h e  CDC-6b00 is 

r e t u r n e d  in srccnds irr  T. 
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4 . 9 . 3 .  Overlay S t r u c t u r e  

To o v e r l a y  MflRSE as d e s c r i b e d  i n  t h j s  document the fcllowing 

arrangzment may be used: 

OV ERL AY A A  
I N S  ER7 INPUT 1 

OVERLAY A A  
INSERT INPUYZ 
OVERLAY BB 

INS ERT SOR I N  JO'4 IN BPIKNHC GENI  GTVLI N. A LBER T 

INSERT ALBIN.JNPUf. X S E C . A N G L ~ S . B A D M O H I F I N D . G E T ~ S  *LEGEND 
INS ERT P( AH ENT. 0. R €AD%. STORE .RE ST0R.G TNDSK-GTSC 1. XSTOPE r F F R E A 9  
OVERLAY 88  

QV ERL AY A A  
IhrtERT SCORINI  STRUN. I N S t O R r E N R C Y S  

I N S E R T  
tNS ERT 
I N S E R T  C O L I S N . G T ~ O U T . G E O # ~ ~ O O K Z ~ N O R # L . ~ , O # F L C . ~ A ~ G G G P P B  
INSERT NKUNe W A R Z r V A R 3 ~ E M O H U N  

SOURCE. GPR08. GETETA. E E L  I D  . F L U X S T o ~ h E 3 0 c G S T C R € . D E R E C .  PTHETA 
YESTW*M BATCH. S T 6 Y C H . f  BAMK.FPRG5 O F  S,)LlR*S OPIST s MSOUR .NXTCdL 

A diagram of t h e  o v e r l a y  s t r u c t u r e  is  g iven  i n  Fig.  4 .21 .  

User r o u t i n e s  c a l l e d  f u r i n g  t h e  random u a l k  ( e . g . ,  SCATA, RELCGL, 

B D W X )  shou ld  b e  i n s e r t e d  i n  t h e  0VERLAY A.4 which b e g i n s  w i t h  IliSERT 

SaURCE, etc. 

This o v e r l a y  arrangement s a v e s  approx ima te ly  7% bytes  out  of 

155K b y t e s .  



-. 

TESTW C.;Xk-LP 
EiSATCH 41 
STBTCH Gr, 
FBMK v A R 2  
FPRlbB VAR3 
EN DRUN 
NRLF 

' f  
\D 
I 
P 
4 

INPUT 1 

UNKNMC 

GTVLIM 
ALBERT 

MAMENT 

READSG 
A X L E S  FFP,EAD 
BtZDP10M S T l b E  

KESTdR 

LEGEND GTSCT 
XSTAPE 

Fi.g. 4.21. MgRSE Overlay Structure 
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4.10 a v  I n t e g r a l  Forms o f  the Boltzmann Transpor t  Equat ion and i t s  Ad-joint 

The purpcse h e r e  i s  t o  d e r i v e  a complete se t  of forward and a d j o i n t  

i n t e g r a l  t r a n s p o r t  equat ions  i n  energy-group n o t a t i o n  and t o  re la te  t h e s e  

e q u a t i o n s  t o  the Mor.te Carlo procedures  used i n  t h e  MORSE code. 

The Boltznann T r a n s p o r t  Equation 

The d e r i v a t i o n  begins  w i t h  t h e  generri l  t ine-dependent  i n t e g r o - d i f f e r e n t : i  

fomi of t h e  Boltzaann t r a r s p o r t  e q u a t i o n ,  t h e  d e r i v a t i o n  of  which can be 

regarded  as a bockkeeping process  t h a t  sets t h e  n e t  storage of p a r t i c l e ;  

w i t h i n  a d i f f e r e n t i e l  e l e x e n t  of phase specc (clrC.ZaR) equal t o  t h e  pzrticie 

gains  minus p a r t i c l e  l o s s e s  i n  ( ~ G ~ d f i )  clnd l e a d s  t o  t h e  fo l iowing  r a - i i i a r  

and u s e f u l  form: 

- -  

where 
- -  

(r ,E,S,:)  denotes t h e  g e n e r a l  s e v e n - d i n c ~ n s i o r ~ t i  ,-has" ~;ace, 

r = p o s i t i o n  var izkie ,  

E = t h e  p a r t i c l e ' s  k i n e t i c  energy ,  

- 

a u n i t  v e c t o r  which d e s c r i b e s  t k e  y z r t i c l e ' s  d i r e c t i o n  of  rrcticr., 

ti-? variable, 

E ,?l ,t ) = t h e  t ine-dependent  a n a l e -  f l u x ,  

E,Q,t)&?dQ = t h e  n-mber of p c r t i c l e s  thz t  c n s s  a - n i t +  a r e a  ncr~:.' 
- - 

t o  t h e  fi d i r e c t i o n  pe r  unit time :it t h e  space  p i n t  r a::d t<-.e t 

w i t h  energies i n  dI: about  E' and wi th  d i r e c t j o n s  that lie w i t ' n i r  

t h e  d i f f e r c n t i a l  s o l i d  angle 65 &>oI.tt t h e  u n i t  vec:Lr 5 ,  - la I - . . -  at + \ r , a , ~ , t ) & i ~  = i iet  s t o r a g e  ( g z i n s  n t n u s  ~ o s s c s )  Fer  u n i t  -.vo>.:-.e 

and t i m  a t  t n e  space po in t  r rs?d ti"ie t cf F a r t i c l e s  wi th  ezer-  

gic s i n  dE &out E and w i t h  d i r e c t i o n s  whlch l i e  jn  dl: zbou', I;. 

_. 
- - 
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fi*v+(r,E,B,t)dEdR = n e t  convec t ive  loss  per unit  volume and t i m e  at  - 
t h e  space p o i n t  r and t i m e  t of p a r t i c l e s  w l 9 i  e n e r g i e s  i n  dE 
about  E: s . d  d i r e c t i o n s  which l i e  i n  dE about li, 

- 
Z t ( r , E )  = t h e  t c ta l  c r o s s  section a t  t h e  s p a c e  point. 

Z t ( F , E ' + ( r , E s , t ) d E d B  = c o l l i s i c n  l o s s  pzr  unit v o l u e  a?d time a t  t h e  

f o r  p a r t i c l e s  

of e n e r a  E,  

space  p i n t  r mci t i n e  t of -pwt ic les  w i t h  e n e r g i e s  i n  d~ about 

E and d i r e c t i o n s  unich  l i e  i n  dz a b c I t  f i ,  
r -  C )r,E'+E,fil+ii)dE& = t h e  d i f f e r e n t i d  s c a t z e r i n g  cross s e c t i o n  which 

d e s c r i b e s  t h e  p - o b e b i l i t y  p e r  mit  patk t h a t  a p r r c i c l e  w i t r :  an 

i n i t i d  energy E '  ar.3 an i n i t i a l  d i r e c t i o l ?  E *  cn2ergoes a 

s c a t t e r i n g  c o l l i s i c n  a t  F which p l a c e s  it into a d i r e c t i o ?  thzt 

l ies Ir. c i ?  about  2 with a nev energy i r .  &E ~ . L \ o G ~  E. 

5 

- 1  ._ 
- 

1 ( ~ , E 1 + ! 2 , ~ t - + ~ )  + ( r , E '  , f i*  ,t)dE'C' dEd5 = i n scg t t c r ing  g a i n  ~-.er 

u n i t  vol?L-F.e an& tiF..e a t  t h e  s;ace poir:l r ~ ? ? d  t tze  t of iZr : ic !c-S 

w i t ) )  e:;ers;iec, i n  ijt abou i  2 x i  dire-.:icns -K,~:D l i e  i n  d? ssuut 

[JJ = 
- 

C o n s i s t e n t  wi tn  t h e  !II~?JR~.E codr ,  t h e  e n c r z r  depen9e::ce of Eq&a:cGx ( 1 )  

wil '  be r e p r e s e n t e d  i n  te7z.s of energy groups whi-h e r e  d e r i n e d  such t ha t :  

A 5  = ...nerSji v i d t n  of t h e  g tk  &L'ocr, 

g = 1 c o r r e s p n d s  to t h e  h i g k e s t  energy grsilp, 

g = G corres>on.ls t o  t h e  lowes t  energy grou?, 

Q 

with  t h e  obvious c o m t r a i n t  t h a t  

k "group*' forLn of  Zqus t i sn  (1) is  obta ined  by i n t e g r a t i r g  each t e n ?  

w i t h  r e s p e c t  t o  t h e  energy  v a r i a b l e  over  t h e  e r : e r g y i 2 t e r v a l  AE : 
g 



. - - - -. . - . . . . . . . . . . . . . .. . -. . - - 

I 

I' 

I '  
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The group f o m  of t h e  Eoltznann equation expressed i n  telzls of the at'ore- 

def ined group parameters is  given by 

where t h e  sui?rst,ion over  ecergy groups c o d 3  be iexp%qded Over &ll 6' tG 

d l c w  f o r  upsca t t e r ing  -- riot usucill:; ccr.siderea i r rpcr ta r t  I:. s h i e l d i n <  

problems. 

Y 
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The t o t a l  d e r i v a t i v e  of tne angular f i w  with r e s p e c t  to R is g i v e n  by 

which,  a c c a r d i n g  to Fig.  A . l  and n o t i n g  that t h e  p a r t i c l e ' s  speed  ( v j  is  

equcil to ( -  d'i'ifdt) can be r e w r i t t e n  as 

Equa t ion  (10)  CE? b e  exr,ress?d i n  group n o t a t i o n  as 

T h e  i n t c g r z t i n g  f a c t z r  
R 

is  in t roduced  i n  the f c l l o x i n g  m n n e r :  
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F.lult,iply 3q. (14) by dR and integrate a0 

!R = 0 to 2 = -1; t h e n  

Require tha t  
m 

and E q .  (15) beconea 
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Equat lon (18) w i l l  be referred t o  as t h e  "Irrtegrel F,lu Density Equation." 

e f f e c t  of i n t e r e s t  i n  group notatior. can be e q r e s s e d  as 

r;anner: 



Equation (22) viU be r e f e r r e d  t o  as the " In teg ra l  E h n t  Densi ty  Equation." 

The e f f e c t  of in terest  X g can be expressed ir. terns of t h e  event  Cen- 

s i t y ;  c x s i d e r  Eq. (19) r e r r t t t e n  as 

(21;) 

1 r.2cgxrd &c.r;-ent P a r t i  c ! c  Density Ey.~zt  i o n  
- -  

Defir.e the merger.'-. particle dens i ty  y, g (r,Q,t) as tho  d e c s i t y  of 

F a r t i c l e s  i eav izg  a source cr  cnergifig from a real  c o l l i s i o n  v i2h  F:?UF 

srace coordina<er ( 6 ~ 0 ~ 2  g ,  F, 6 ,  t), 

c- ~ . . ' I  . .  . . . .  .: . 



The "Integral Energent ?article Density Equst ion" 
t u t i n g  Eq. (26) i n t o  Eq. (25) :  

is obtained by s s b s t i -  
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- - . . . ... __. 
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randoa valk ran be regarded i n  terms of e i t h e r  E q .  (38) o r  Eq. (LO) 

with t h e  p a r t i c l e ' s  ue ight  a t  a collision s i te  beir-g t h e  weight before  

c o l l i s i o n  !\TaC) or  t h e  weight a f t e r  Zo l l i s i cn  (WATE) , r e spec t ive ly .  

The random walk based m t h e  "Iritegral Emer~ent  P:,:.?.icle Density 

Equation" would ictroduc'  :: p a r t i c l e  i n t o  t h e  sys ten  accordizg t o  t h e  

source func t ion .  

as determined by t h e  t r anspor t  k e r n e l .  Its weight i s  modified by t?ie 

non-absorption p r o b a b i l i t y  arid a new energy group and f l r g h t  d i rec+lon  

3se selt:ctecl from t h e  c o l l i s i o n  kernel. The t r anspor t  and c o l l i s i o n  

k e r n e l ;  axe appl ied successi*:riy detemjifi ing the p a r t i c l e ' s  esergent  

p-)nsc s ~ a c e  cwrdinatcs corresponding t o  t h e  second, t!iird, e t c . ,  cc l l i s?or t  

s i t e s  isti1 t h e  randon w a l k  i s  ternincited due t o  t h e  redluctlon of  ti;c 

p r t i c l e ' s  weight  t~ttlov some cut-off  value o r  k c w i s e  the p a t i c l r  e s c ~ - p s  

fmn  t h a t  port io?.  o f  phase s p w e  associeted w l t h  a p a r t i c u l s r  Frsblc 'r .  

( f o r  e x m p l e ,  escape ;'icr! t h e  s y s t e n ,  slovirg d o x n  t?elcw ii~. e n e r a  C L L -  

or:., ai- exceeding sone a r b i t r a r i  1y sgecifieci e&e ca t -of - f ) .  

The p e r t . i c l e  t r a v e l s  t o  tke s i t e  of its first col l . i s icn  

Emdon Ka ik  Proce l u r e  

i n t e g r a l  opera tors  by t h e  ,.iillc: 
Ln 

where - E - -  x (r,U ,t )5C = t h e  ezergcz:t p a r t i c l e  dens i ty  of par t5c ;es  eaerg ing  

f r m  i t s  nth c o l l i s i o n  and havir.2 phase space c s o r j i n s t r s  igr , - . i~  

g ,  r ,  dfi about n ,  t i o e  t), 
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as t h e  a d j o i n t  flw; cons!.stent t e z i n o l c g y  w i l l  be in?,roZuced l a t e r  i n  

t h i s  j e c t i o n .  

A t  t h i n  p o i n t ,  two p r o c e d x e s  f o r  d e f i n i n g  and c a l c u l e t i n g  group 

ar t jo in t  fluxcs are considered.  

te rm of Eq .  ( 5 0 )  over  t h e  energy i n t c x r a l  AE g' which  leads to t h e  fol;OwiZa 

Cne method involves  iRt i?gra t iW each 

group equbt ions :  

h -  
5 

v -  
( 53) 
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c The ig('.), ipG'(?,h?' 1, and are a d J o i n t  ve ighted  group parmeters 
t s g 

and their use i n  t h e  solcticn of Eq. (51: provides grcuz) sdjoir?t f l u x e s  

d e f i n e 3  by Kq. (52)  vhere  C*(F ,E , f i , t )  r e r r ' csen ts  t h e  s o l u t i c n  of E?. ( 7 0 ) .  

Another approach for Cef in ing  .;roup a d j o i n t  fluxes is t o  d i r e c t l y  

d e v i s e  t h e  e q u a t i w  vhich  i s  a d j o i n t  t o  t h c  groq- I'om of t h e  Eoitzmann 

equat ion  [Eq. (Y)]. The grcup a d i o i n t  r Jua t ion  so obtained* i s  given Cy 

g = 1,2, ... G .  

g , - \  - ' This fcllows s ince  Z t \ r ] ,  Z" ' (F,hE '  j , snl  v are ,  ir, g e n e r a l ,  d i f f e r e n t  
S e 

fro= t h e  a d j o i n t  weightei '  viilues. 

meters, as lmplied t.:,r Eq.  (571,  are used i n  FEORSE. 

schemes, such as a d J o i n t  o r  a d j o i n t  and f o n r a r d ,  deserve c o n s i d e r a t i o n  

whec c r o s s - s e c t i o n  weight ing  i s  a problen .  Ber, a su f f i : i en t l : , -  5 i n e  t - r c q  

stru,:.tilre i s  employed, the group parz7cter:; beconc less sensitive to the 

! k U a l l y  forward h-eiekted (jrcup pare- 

i ioptver ,  cther weighti-np 

v e i g h t i n g  scheme and ',he corresponding group a6Jcir . t  f!uxes aye ::?SO 

near ly  the saqe. 

* 
The d e r i v a t i o n  of So. ( 5 7 )  is  nct. p resented  h e r e  b e 2 ~ 1 ~ s e  of it: s i r r . i l a r i t y  
with t h e  prev ious  d e r i v a t i o ?  of Fq. (50); %he intepzlls over  ewr&y are 
sjrnply replaced by zyprcprlate group smxat ions .  
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- I n t e p a l  Point-Value Equation 

E p a t i o n  (57) is now transformed i n t o  an i n t e g a l  form fallowiilg essen- 

tially t he  sane proceAures  usrd with - t h e  forward - 
below, l e t  
the fors;ard equat ions.  The t o t a l  d e r i v a t i v e  of $*(r',n,t)l g 

R is given by 

equations, .  As shorn - 
= r + RE r a t h e r  than r' = r - R z  as vas - t h e  ccnvention with 

with respect to 

s 
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provide;; t h e  f a l l o u i x g  0 
Use of the i n t e e r a f l n g  f e e t o r  E^ 

r e l a t i o n s h i p :  
R 

It  is no ted  that  Zq. ( 6 0 )  is  i d e c t i c a l l y  t h e  l e f t - h a d  s i d e  of E?. ( 5 7 )  
vh ich  can nov be r e w r i t t e n  as 

- p zEiF  + 3 ' f i ) r n '  - 9 + R'?L)dZ' 

0 ] = e  0 
(61) 



4 

Integrate Eq. (61) f ro% R = 0 to R = and assume t h a t  
m 

- E:(; + R'5)dR' 

) E O ;  0 I +*(-,E ,tJe 
g 

i..en the fol lowing i n t e g r a l  expression for +*(?,fi,t) i 

h 

V 

obtain 

Equation ( 6 3 )  con ta ins  tile a d j o i n t  o p t i c a l  t h i ckness  D * ( r , R , f i )  
defi.ned esr i ier  by Eo_. (30) as 

e 

R 

Redefine t h e  so 'xce  tern as 

0 

and Eq.  ( 6 3 ;  can be  r ewr i t t en  as 

- B Y ( r , R , n  
ofS(^r ,Z, t )  = s* (F,K,t)  + I iLR e 

Ti3 I 

m 

(62) 

d: 

( 6 3 )  

which V 8 S  

(64) 

' 
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and in terms of the  t r anspor t  .in? c o l l i s i o x  ope ra to r s ,  Eo_. ,", 

.-. 

becones 

A comparison o f  F.q. ( 6 6 )  with Equatior,s (381, ( 3 9 1 ,  and (40) revea ls  

t h a t  t h e  func t ion  $*(?,E,t) as defined by Eq. ( 6 6 )  is  ad jo in t  to t h e  energent  

p a r t i c l e  dens i ty  x ! r , n , t )  as def ined  by Eq. ( 4 0 ) .  

be denoted by r:(r,$l,t) a?d 39. (66) becor?.es 

g- - Therefore ,  l e t  $ * ( F , E , t )  6 
g- 

b 

The na tu re  cf X * ( r , E , t f  w i l l  depend on S* 3 3  (F , i i , t )  -- how o r  on wtL:it  
g 

b a s i s  should 5: !F,fi , t)  be q e c i f i e d ?  

PC(:,E,fi,t) ( t h e  response PciiztIcn of t h e  e f f e c t  of i n5e res t  X duc C O  a 

w.it mgul zr i i u x )  , then 

?f S f ( F , E , 3 , t )  is se:. e q u d  :w 
- &  

The e f f e c t  of icterest as given by Eq.  ( 6 9 )  cen a:!so be emresset i n  

group riot a t  i on 

where .. 
O * ( r , Z , t )  is  t h e  grciip zd jo in t  f l u  correspon3.ing t o  t h e  adJoint  

g 
weighted groiip p a r m e t e r s ,  
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fiovcver, as notea e a r i i e r ,  u s u a l l y  forward weighte-3 groilp 

inr ,ut  t o  MORSE 2nd t h e  group ad'oint fluxes Q*(F,g,? R ) zre 

AS 2 d i r e c t  co:izLqwn:e of +,he der iva t ic r :  of' tt-ic Q*(? , r , , t  i: 

, -quat ion,  KC. ( 5 ' ) ,  t h e  effect o f  Jntc-est rcr LS e gk; E: 

given  by 

w h e r e  

Q*(r,?i,t) i s  t h e  group a d j o i n t  f lux  corresponding to tfie fcr;d-a 
g 

weighted group p a r a z e t e r s  % 

?he d e r i v a t i o n  from t h i s  p o i n t  on w i l l  i n p l i c i t l y  iis5w.e f o S z r 2  

weighted group p a r m e t e r s .  

f i c a t i o n ,  be made t o  co-respond t o  t h e  a d j o i n t  weightea 6;rour; parz:sters. 

Ho-dever, t h e  results czn ,  with s l i g h t  x d i -  



1 

I 
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S u 3 s t i t u t i o n  of Eq. (71) i n t o  Eq. (6L) yields 

end according t o  Equations 

Equations (73) and ( 7 4 ) ,  r e sgec t ive ly :  

( 2 4 )  and ( 2 9 ) ,  Eq. (72f  c a  be rek-ri t ten as 

and 
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phase space c o o r d i n a t e s  (group g,  5 ,  t i ne  t'). 

b u t i o n s  t o  t h e  e f f e c t  of i n t e r e s t  i s  given by 

The s u a  of all such c o n t r i -  

0 

and, i f  the event-value function is properly d e f i n c a ,  should e q u a l  t h e  

point-value nmrt ion;  t h a t  is  , 

-4 c m p a r i s o n  o f  Eo_. (78) w i t h  Eq. ( 7 5 )  vould show t h a t  Y - ( T , E , t )  can b e  

i d e n t i f i e d  E?S 
6 

I n t r g r a l  Exergent  .r.c?Juicton Lens i ty  E:quat,ion 

The s o l u t i o n  of  e i t h e r  t h e  po in t -va lue  e q u a t i o n ,  Zq.  ( 7 6 ) ,  o r  t h e  

event-value e q u a t i o n ,  Eq.  (80 ) ,  could Se accomplished 3y i4ont.e &ria 

procedures; hcwever,  t h e  raxol;, walk  would no t  be t h e  s z e  as t h a t  i -p l i ed  

by Eq. ($0)". Consider  the fo i lowing  a l terea f o r 3  o f  Zq. (761, 

It 
The desire i n  :.i$RSE i s  t o  u s e  t h e  s m e  :.':r.!om walk lcgic for  both forward 
z.nS z d j o i n t  c a l c u l a t i o n s .  
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where 

Noting t h a t  : 

and 

A comparison of Eq .  (88)  with t q .  (84)  reveals t h a t  

U ( ? , E * , t )  , (83) 0 - -  (?,54') H G ts ( F , E , t )  = P E: ( r , n , t )  + rPgl 
g' 

and t h e  subseqx:it  s c b s t l t u t i o n  of Eq. (64) i n t o  Eq .  (39) yields t h e  

fo l lowing  def i r . ing equat ion  f o r  t h e  a d j o  i n t  emergent pL- t ic le  d e n s i t y :  

~ ~ ( y , A , t )  = p'(;,E,t) k3 4- E e g '  (;,E+'?*) T €5 l(F-+?',zl) G g l ( F ' , E ' , t ' i .  ( 

Eqrlation ( 9 0 )  is alzost .  i d e n t i c a l  w l t h  Eq. (40) which def i r res  t h 2  

forwmd ec;ergent p a r t i c l e  d e n s i t y  x g ( F , K , t )  arid also s e r v e s  a s  t h e  forrnal 

b a s i s  f o r  t h e  forward raxdom walk .  

i n  t e r n s  of  t h e  t r a n s p o r t  of pseudo-paxxticles c a l l e d  "adjunctons" 

(?'-+?) d i r e c t i o n  o f  phase s p a r e .  

A t  th 's  p o i n t ,  l e t  u s  i n t e r p r e t  3%. ( 9 0 )  

n t h e  

T h i s  p r e s e n t s  two i r x e d i a t e  prokl tzs :  

The t r a n s p o r t  of t h e  adjunctorls from F' = 7 + i3fi t o  F would be 

i n  a d i r e c t i o n  o p p o s i t e  to t h e  d i r e c t i o n  v e c t o r  

t h e  d i r e c t i o n  v e c t o r  f o r  t h e  x i j u n c t o n  should be R 5 -3, axid 

r *  = F - R; . 

1) 
-- t h e r e f o r e ,  

I 

- 
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I 

2) The collision kerr.el should be i n t e r p r e t e d  RS descr ibinf ;  t h e  

(E'+E) change i n  phase space exper ience6  by t h e  adJunctoon t a r i n g  

i t s  randoa wa lk ;  t h e r e f c r e ,  l e t  

which now corres?snds tc t h e  t r a n s p o r t  o f  a d j u n c t o n s  a d  yravides  t h e  & e s i r e d  

b a s i s  f o r  t h e  a d i o i n t  W I - I ~ C T - I  x d k  i n  t h e  ?$RSE code. 

of adjunctons i s  provided by ? - ( F , Q , t )  which i s  r e i z t e b  tg ? (r,Ci,t) as 

fcllows : 

::ate t h a t  t h e  soulrce 
o *  9 - -  
6 Q 

P 9 - -  ( r , c , t )  = P 4 ) -  (r,-G,t) (9L) Q kT 

9 - -  
6 

which must be taken i n t o  c o r s i d e r a t i o n  if t h e  respozse  f u n c t i o n  ? ( r $ , t )  

h a s  angular deFenc?ence -- hcve:.er, many p h y s i c a l  s<tkk:iorls permit  zr, 

i s o t r o p i c  assuription f o r  t h e  &dependence. 
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other  g u m t i t l e s  of interest  can be d e t e m i n e d .  

x*(?,n) must t a k e  in t r ,  account  .. t h e  z e v e r s d  of d i r e c t i o n  betvecn a d j u n c t c n s  
fA - 

and real p a r t i c l e s ,  i . e . ,  R = 4. 

of c a l c u l a t i n g  t h e  answer of i n t e r e s t :  

The ger,li.ral u s e  of 
A 

For example, cons ider  .. t h e  - r t i r ious wajjs 

E b t h e r ,  if outward boundary c r o s s i n g s  w o u l d  be score6 i n  t h e  forward 

probler; , t h e  corresponding source  adjunctons would be in5roduci.d i n  t he  

inward d i r e c t i o n .  L i k e q i s e ,  ad junc tons  vould be sco,.ed fo r  e n t e r i n g  2 

voluin~ from Yhicfi the source  particles i n  t h e  forward problen vould be 

emi t to<.  

i s o t r o p i c  and t h e  problem of  d i r e c t i o n  r e v e r s &  Leed n o t  be cons idered .  

It should be noted t h a t  oany sources and response f u i c t i c n s  are 
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14ultiplyin;: Systems 

The g e n e r a l  i n t e g r a l  e q u a t i o n s  i n  group n o t a t i o n  of t h e  prev ious  sec- 

t i o n  are h c i e  s p e c i e l i z e d  t o  t h e  probleln of multiplying s y s t e n s .  

f i s s i o n i n g  system it w i l l  be presumed t h a t  t h e  source of neii trons f o r  

the nth g e n e r a t i o n  cones from f i s s i o n s  wbich occur  i c i n g  t h e  prev ious  

g e n e r a t i o n ,  t h e  ( n - l l s t  g e n e r a t i o n .  

d j n e n s i o n a l  phrse space ,  t h e  s o u r c e  t e r n  for t h e  nth g e n e r a t i c n ,  

S"(F,z,t), is  given by 

I n  a 

I n  ~ O U F  n o t a t i c n  and seven- 

G 

f ( E ) d E  = i - ract icr i  or  f i s s i o n  n e u t r m s  er;,it*.ed having e r e r g i e s  ir. .IF 
about E 

4n-1(?,Z,E,t) = angular  neut ron  flu f o r  t h e  ! n - l ) s t  g e n e r a t i o n ,  

- 
vl: ( r , Z ' )  = f i s s l o n  neut rcn  y i e l d  x zacrescopic  fission cross  sec::on. 

S u b s t i t u t i c n  of Eq .  (101) i n t o  Eq .  (100) .md expressink; t h e  ener7:r intejire- 

t i o n  as a summation over energy Groups y fe lds  

f 

it  
The terns Fene?-a+,ion and b a t c h  will be used in te rchangeably  i n  t h i s  s t z t i o r ,  
and w i l l  r e f e r  t o  t h e  ba tches  of neut rons  processed  i n  t h e  $?@?% :-?onto 
Carlo c d c u l a t i o n .  
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where 
t (103) 

d e n s i t y  : 

0 

J 
rj 
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t h e  n t h  g e n e r a t i c n  
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The mul t ip l i ca t ion  f a c t o r  is cctlculated a t  t h e  end OX' each ba tch  and t h e  

eigenvelus ,  k, is taken as t h e  mean vu1u.e of t h e  k 

batches ca lcu la ted  after convergence of t h e  eigp.nfun:tions w a s  achieved. 

averaged over d l  t5e 
II 

Equation (107) is  solved by MgIISE i n  the sme manner a s  i t  vould be 

for non-fissioning syster5. 

and t h e  i!eutron's ve i&t  is rscdified accordingly, i .e. ,  f i s s i o c s  t h a t  occcr  

da not i t i t r o d u c e  new neutrons ir.to t h e  present  generntion. The n u l t i p l i c a -  

t io r l  t ac to r ,  

W. a t  every collision (W 
es t imate  of t h e  c o i l i s i c n  dens i ty ) .  

by S ,  t h e  t o : d  s t a r t i z g  weig?t of t he  barch. 

"he f i s s i o n  event is treated as  an absorpt ion 

i s  e s t ina t cd  by s w i n g  t h e  con i r ibu t i an  . J E : ( : ) / ~ : ( F ) .  kny 
t h e  ceut ron ' s  weight before  CcLlision, i s  

D b' 
A t  t h e  end of tk,e batch,  k n is d iv ides  
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with t h e  source of  adjunctons being provide? by t h e  respcEse func t ion  

3ase3 on f l u x  dens i ty ,  P k3 . The e f f e c t  o f ' i n t e r e s t  f3r t he  n th  genera t ion ,  

A i ,  is  t h e  production of f i s s i o n  ne1Ltrons due t o  f i ss l0r . s  i n  group g t h a t  

appear at t h e  f i s s i o n  s i te  ir, t h e  next generat ion acccr,?.ing t o  t h e  group 

f i s s i o n  spectl*,m, f I3 , and is  given by 

@ 

[P i (  F 
,t 1 

116) 

i 
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Notine, t h a t  t h e  f i s s i o n  process is independent of t h e  tmider 'h  neut ron ' s  

d i r e c t i o n  and t h a t  t h e  f i s s i o n -  neutrons * _  are e m i t t e d  i s o t r o p i c a l l y  

L 

by n. 

(118) 

f issicn , 
( ' ()I= t h e  g ' t h  g o u ?  c ross  sec i t cn  fc r  e c c 2 r . t  f i s s i o n .  

It is noted t h a t  t h e  integrt ; l  a t r g e n t  p a r t i c l e  C m s i t y  equat ion,  

Zq. (lC(), i s  i d e n t i c a l  i n  form with t h e  i n t e g r a l  enel-gent, adjuncton 

dens i ty  equat ion,  ~ q .  (112), so $Iiat e s sen t i a l ly*  t h e  s G e  randon walk 

procedures c m  acply t o  the  so lu t ion  of t h e  forward z-~i a.!Joint f i s s i o n i n g  
systems. The adJoin t  source, Eq.  (lis), d i f f e r s  :?m- ::-e f o r w 2 ~ 3  source,  

spectrum have changed t h e i r  r o l e s .  The a d j o i n t - f i s s i i n  grovp Cross 

sec t ion  is [ f g *vZfi;) 1 and t h e  energy d i s t r i b u t i o n  2r :?.e adJunctons 

(105) only in t h a t  t he  fission cross secticr: %?it? group f i s s i o n  

emerging from an ad jo in t  f i s s i o n  in Vzaf(F)/vz,(r) * 

s--+ ad jo in t  c d l i s i o n  it 
The s m e  d i f f e rences  w i l l  i ix is t  betweer, t h e  fomZri --- 
kerne ls  here a s  w a s  t h e  case f o r  non-fissioning systr--.;. 
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The a d j o i n t  s o l u t i o n  is star ted by ass1mir.g sone a r b i t r a r y  i n i t i a l  
@ source, [ p  (:,3,tAnfi c a l c u l p t i n g  t h e  GS(i? ,%t g ) u s i n g  ~0_.(112). A nev sourcc 

t e r n ,  [P:($,G!]-- i s  t h e n  c a l c u l a t e d  f ron  Eq. (118) end t n e  next  e s t j m s t e ,  

C (F ,Q)  is  c d c u l a t e d  us ing  Eq. (112). T h i s  procedure c o n t i n u e s  u n t l l ,  as 

i n  t h e  forward case, t h e  s c a r c e  has converged m d  t h e  G ' s  are presumd t o  

be an estimate of t!ie e i e c n f u n c t i o c s  G . 
t n e  following estizate is  Eade for t h e  e igenvalue  %: 

*, 

2 -  
8 n 

g 
Then f o r  eac'h succeeding b a t c h ,  

6 
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2n- 1 
hcv ing  i t s  first 211 mcxien:s, tHulu=o 
d i s t r i b u t i o n  u!xj. 

i d e n t i c a l  to t h o s e  of t t e  or i e ina l  

It is theti possible t o  relax t h e  n o n - n e g a t i v i t y  r e s t r i c t i o n ,  w!x) 2 0 ,  

and i n  fact t o  s ta te  t h a t  u ( x )  need n o t  be completely s p e c i f i e d  b a t  m l y  

its first  2rl moments be g iven .  R e s t r i c t i o n  7 t h e n  becomes two r e s t r i c t i o n s  

on t h e  moments: 

I,: l C i l  2 G i=l, n-1 

where IC. I is t h e  Grm de te rminan t  
1 

I C J  = 

nnd 

M M M  ... 1.1 . 0 1 2  n - l  
MIM* ... !.I 

We s h a l l  u s e  t h e  f o l l o w i n g  form fcr t h e  Legenure expansion of 311 

an gd ar c l i  st V - i  b u t  i on : 

F r m  tf:is ir. :'allows t h a t  

fQ = i f ( p )  P i ( , )  dp m d  f o  1 

The nonentc- cf t h e  d i s t r i b u L i o n  are d e f i n e d  by 

-1 

1 



I f  t h e  Legendre p l y n o m e l s  are w r i t t e n  

L i keu I se 

Then 

Pn II = 1 pn PII(p) dp 

-1 
n 

n e  t h e  c o e f f i c i e n t s  for a Legendre exFar-sion of u , t h a t  t z ,  

[The Legendre polynomial recur rence  relatic!l  sa:^ a l s o  be used. t o  d e r i v e  

recur rence  r e l a t i o n s  for %he ~ ~ i . 1  - A  



Equations ( 5 )  and (6)  show t h a t  t h e  f i r s t  n ncnients oi' a n  anfplm 

d i s t r i b u t i o n  m'3y be der ived  from t h e  first n Legendre c o e f f i c i e n t s  e?d 

v i c e  versa .  

Generation of Polynmials 0r:iloRonal With Respect t o  U!XI 

Let as LOU presume t h a t  w e  we given t h e  f irst  2n moments, M 
- - Y M2n-l' of izn a r b i t r a r y  f i n c t i o n  w(x) and a r c  given no add i t iona l  

information 3bout w(x).  

which are or thogonal  wi th  respec t  t o  w(x) .  

!J 
0 '  '1' 

We shall at tempt  t o  de r ive  a s e t  of poly-noi:ids 

I f  w e  de f ine  t h e  no ta t i cn  

b 

E [ I ( x ) ]  = J ~ ( x )  w!x) 2.u , 
t? 

then what w e  wish is  t o  deternir ;?  Q 2 , Qn such t h z t  0' 1' -.. 

with t h e  rior?!aliz.ation condi t ion a j i  = 1, :si2 t'ct 
* 

Since a(::) 0 ,  ther. it fol lows t h a t "  

FT3n t h e  p rope r t i e s  of orthogonal polynomials w e  kncu that an arb i -  

t r a r y  polynomial of o rde r  i ,  S i ( x ) ,  may be expanded i n  t e n s  of t h e  Q 
Folynornials, 

Y 
Since w e  wish t o  r e l a x  %ne non-negativity r e s t r i c t i o n  slig!itly but  not 
compietely,  we u i U  r e t a i n  Eq. ( 9 )  2s e reasonable  requi rezent  f o r  a "veil- 
behaved" w(x) . This requirement is  essential  t o  al low f u l l  use of t h e  
p rope r t i e s  of ort1iogon:i.i polynomials. 
eventual. bse of t h i s  cievelopxent as a Monte Car lo  s e l e c t i o n  t e c h n i q e  
s ince  it is  needed t o  ensurc? t h a t  t h e  "probzib i l i t i es , "  w 

I t  i s  a l so  e s s m t ~ i d  t o  t h e  

be pos i t i ve .  i '  

. - . . - - - ... . . . .  - . .  

4.11-4 
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L e t  us presume t h a t  we hove obteined the first i po1:rnonials and w e  

attempting to derive Qi+l(x.). 

we have 

h e  to our 

where 

k i 

Ri!X)  = k=O 1 e i+l ,k 
x .  

in terns of' the Q ' s .  Thus 

Qi+l 

For j :- i -2  w e  i'an use the orthogonality r e l a t i c n  



\ 

s i n c e  x Q J ( x )  is  a polgr,iomid of crder 2. i-1 and is  o r thogcnd  t o  Qi(x). 

Since N > 0 we must have d = 0. J i J  

If w e  write 

and 

t h e n  Eq. (11) reduces to 

have 
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Likewise we win d e f i n e  

i 

k= 0 
= 1 ai,k %+i+l  * 

T!len t h e  f i n a l  o r t h o g o n a l i t y  r e l a t i o n  used i n  r ief ining qi+l(x)  g i v e s  us 

L - - Li+l - lJi+l !I  - g i  Li  i 

o r  

The c o e f f i c i e n t s  a oay be c b t a i n e d  from t k e  r e c u r r e n c e  r e l a t i o n ,  Eq .  ( > 2 ; ,  

by t a k i n g  the coefficient of xk on both sides of t h e  e q u a t i o n .  'I'his gi\reS 
ik 
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T h i s  is subJec t  only t o  t h e  r e s t r i c t i o n  M i  > 0, i = 0,n. Although i t  is 

far from obvious, t h i s  r e s t r i c t i o n  may be  writtell L.? simple clos?lc form as: 

The sequence Qn(xi ) ,  Qn(x2), ..., Qn(xn-lj a l so  a l t e r n a t e s  i n  sign. T h i s  

e s t a b l l s h e s  t h a t  t h e r e  i s  .t f e a s t  3ce m o t  of Qn between any t u o  r ~ i 3 ~ s  of 

Qn-l. Because t h e  Q i ' s  m e  normalized t o  aii = 1, t hey  a r c  d l  Posi t i -Je  
at i- and a i t e r n a t e  i n  s ign  at  --. 
hence Q >(Xi) 

t h e r e f J r e ,  ~,(x,) < o z ~ l d  Q must have a t  l e a s t  one r O G t  g r e a t e r  irmq X ,  - n 

Qn-, ~ has no roo t  between x1 322 "; 

0. But a 2  n-l > 0 (because Nn-l > 0 and Nn-? > 0 ;  ; 
n-.. 

- 
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S i m i l a r  reasoning  leads t o  t h e  conclus ivn  t h a t  Qr,-2(~a-1), Q n- 2 ( x  -* --) , 
and Q,(x - -=) have t h e  

Thus Qn must mvt? a t  l e a s t  one r o o t  between x 

u s  n i n t e r v a l s  v h e r i  Qn must have "at least one" r o o t ,  it is  c l e a r  t h a t  

Q 

sign whi le  Q n ( x  :i-I is of t h e  o p p o v j t e  s i g n .  

end --. S i n c e  t h i s  g i v e s  n- l  

h a s  I; d i s t i n c t  r o c t s  v h i r h  i n t e r l e a v e  wit.h t h e  rmts of Q n-1 n 
The procf  by induct icm m y  be completed by u s i n g  s i r n i i P . r  arguments 

t o  show t h a t  one of t h e  two rmts  of' Q,,(x) lies above t b e  s i n g l e  r u c t  of 

Q1(x) m d  one  b r l w  it. 
a- 

I,e;r.?la 11: The n raots .  of 9 ( x j  lie i n  t h e  iz tervzl  !%,b) .  
II 

However, B \ x )  i s  a polync?mid of orrlcr s 5 n. 

t z  a l l  polynomials  of o r d c r  l e s s  tha.1 n ,  w e  m s t  hsve s = D ,  t h u s  p x v i n g  

t h e  asser*,jon. 

S i n c e  G n (x) i s  c r t h o g o n a l  

I n  t h e  f s r e g o i n g  d e v e i o p e n t  , knowledge of t h e  e n t i r e  f t inc t icn  w(x! 
the rnoTents, !.lo, :*I,, is  never  requirec?.  Instezd, a l l  t h a t  i s  needed 

...., M&-19 of  w (  x ) .  

by i ra l id  for t h e  whole class of fhnc t ions  having  t h o s e  mcments. Since 

t h e  monents Ere e q u i v a l e n t  '3 t h e  Lependre c o e f f i c i e n t s ,  f o ,  fl, ...., 

A. 

Tbe c v n e r a i i z e d  q u a d r a t w e  t h u s  developed is  there- 

t h i s  class i s  comprised of a l l  f u n c t i c z s  having t h e  sm.c t:'m?atc-c! f 2 n - l '  

* 
T h i s  s t e p  relies on t h e  requi ienent ,  t h a t  w(x) be ncn-negat ive.  
tc r e l a x  t h i s  r e s t r i c t i o n  somewhat b u t  n o t  completely.  
e x p r e s s e s  a p r o p e r t y  which w i l l  be e s s e n t i d l  t c  t h e  use o f  t h i s  develop- 
ment as a Konte Carlo s e l e c t i o n  t e c h n i q ' x ,  w e  u s e  t h i s  pr?per ty  as 
one of t h e  requirements fo r  a "well-behavea" w ( x )  v i t l ?  which w e  s h d l  

We wish 
S i n c e  Lema 11 

r e p l a c e  t h e  non-negat iv i ty  r e s t r i c t i o n .  .. ~ 
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Legendre expansion; t h a t  i s  

o r  l e s s ,  

Sy simple d i v i s i o n  of  poiynomials,  

f(x) = % - ,(XI G-(x) .. + rn-l(x) 
\ 

where g - l ( x )  and rn-l(x) are poiynonials  of  order  n-1 o r  less. 

E [ f ( x ) ]  = E[% ,(XI Qn(x) ]  + E[rn_,(x) l  (18) *- 

= E[rn - , ( x ) ]  from t h e  o r thogon i l i t y  property of Qn. 



.. 
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Mult ipqring Eq. (23) by (C&(xj)/N 3 1 and swming over k ,  we :Tic3 

(24) 

ii n-1 



k = l  

(26) 

A 
k-0 

Therefore  

Therefore ,  r e t u r n i n g  to Eo_. ( 2 5 )  9 

o r  

( 2 7 )  

J 
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2 
L i m i t s  of pi and a i  - 

I n  t h e  c .s lculat icns  l ead ing  t o  t h e  g e n e r a i z e d  Gauss i r ?  quadrature  
we obtained t w o  r e s t r i c t i o n s  which had t o  be s a t i s f i e d  i n  order  t o  have R 

p o s i t i v e  d i s t r i b u t i o n  loca ted  on t h e  i n t e r v a l  i-l,+l). These r e s t r i c t i o n s  

were : 

L e t  us determine f i r s t  what l i n i t a t i o n s  these  two r e s t r i c t , i o n s  p lace  cn 

t h e  q u a n t i t i e s  v i ,  a i .  Consider f i r s t  t h e  e f f e c t  of addirig an i n f i n i t e s i d  
2 

and 

I f  w e  expand t h e  r i&t-hxlo  s i d e  a n 3  keep only f i r s t  order  t e r n s  

o r  

S ince  Q.(xj  i s  p o s i t i v e  as x approaches W, then &i(x0)  > O st X ,  I/ 1 

equal t o  t h e  l a r g e s t  roo t  of Qi. A t  success ive ly  s n n l l e r  r o o t s  of Qi +Le 
( x )  i? s i m i l z r l y  sign of a!(.) 1 

p o s i t i v e  at +-. A l s o ,  it has  no r o o t s  gre:.,te-r t.h?n t h e  l a r g e s t  roo t  cJf 

Qi 

Of Qi- ,  " 

&terna te -  from p o s i t i v e  t c  n-ga-ive. Qiei 

. Therefore  Qi - , ( X I  > 0 at t h e  l a r g e s t  ro'Jt of Q1 Because t h e  r o o t s  

i n t e r l eave"  wi th  t h e  r o o t s  of Qi, t h e  sign of  Q i-1 ( x )  m u s t  

\ 
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altermte at  successive roots of Q,(x). Therefore, a t  6 3 1  reoL of Qi(x) 
w e  mus- have: 

o r ,  going back t o  Equation ( 2 9 )  

Therefore, as pi is  increased, t h e  roo55 cf Q i ( x j  s i i f t  tr . ,  t h e  r i g h t ,  0x5, 

as u i  i s  drcreased, the roo t s  s h i f t  dosm-~zrd. 11 p: i s  s\e,%dily inc rease i ,  

t he  l a rges t  roo t  of Qi rill eventllallj' eqial  1. 9-15?, ;qi2t i s  deterr ine3 

- 

SY 

or 
I 

or 

Note t h a t  

'-.. 
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2 
, i-1 lue t o  t h e i r  a l t e rna t ion  in s i g n  at --. 

fo l lowing  p i c t u r e  on a p.-exis 1 

S i n c e  u > 0, ve have the 

-.. 

Now t h a t  we have uFper wd l o v e r  l i m i t s  for u;, what can w e  say about 
: i . / ~ ~ - ~ ,  r c s t r i c t i c n  I i m p l i e s  tha;  0; > 0. We can cbt.;rin 

pi+?. 3 a i by s e t t i n g  >i+l = 
g!? Sificr - 
an ugper. :. - - 

min nax 
F G ~  l a r g e r  values of oi, 1 l 2  

which Keims t h a t  t h e r e  is n? v a l u e  of  which w i l l  a l l o w  rain > .,: i+l 
c;+1 '*i-,-L' r-. 

3.~1 the r o o t s  or' Qi+l:~) - t o  l i e  i n s i d e  (-l,+l). -1;-.1s 

2 
rork back from t h e  l i m i t s  or. 2. 1 ando. 1 t o  c j t a i n  l i m i t s  on the Tonents. 

0 2 = hTi/Ni,l 
i 

Theref ore  
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impiies . . .  

. -  
>-A 

also 
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5.1 ABSTRACT 

The PICTURE program was wri t ten  to provide a i d  i n  preparing correct  

input data f o r  the  combinatorial geometry package CC. I t  provides a 

printed view of arb i trary  two-dimensional d i c e s  through tha geometry. 
By inspec t ing  these  p i c t u r e s  one nay determine i f  the geometry s p e c i f i e d  

by the  input cards i s  indeed the desired geometry. 
PTCTUIiE, i t s  o p t i o n s  and input .  

T h i s  report  descr ibes  
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5.2 In t roduct ion  

The PICTURE program was devised t o  heJp the  user determine if h i s  

geometry input  da t a  does indeed desc-ibe t h e  geometry he had in mind. 

PICTURE df sp lays ,  as pr in t ed  output ,  two-dimemional s l i c e s  throLtgh 

the spec i f i ed  geometry. 

and each point is  p l o t t e d  as a symbol re]-ated to e i t h e r  media. region 

o r  zone depending on t h e  opt ion sr.lec:ed by the tser. 

t h i s  a r r ay  a rough p i c t u r e  of one view of the  geometry i s  produced. 

The use r  may then look a t  t h e  p i c t u r e  acd determine if the  geometry is 

as intended. 

Notebook. 

A r egu la r ly  spaced a r ray  of poin ts  is generated 

Gy p r i n t i n g  out  

A sample problem is cantained i n  P a r t  3, A Sample Problem 
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5.3 ROUTINES 

5.3.1 Marn Program o r  PICTURE 

The execut ive rou t ine  for t he  PICTURE program reads i n  t h e  input ,  

c a l c u l a t e s  the  coordinates  of t he  n i c t u r e  t o  be p l o t t e d  and cont ro ls  

the  cal ls  t o  o the r  rout ines .  

a two-dinxnsional s l ice  through t h e  geometry may be obtained. These 

d i f fe rer i t  op t ions  are discussed i n  Sec t ion  5.5 wi th  d iscuss ions  of the  

input .  The cha rac t s r s  t o  be p r in t ed  f o r  corresponding ncdia  o r  regions 

may be changed by a l t e r i n g  t h e  va lues  i n  ATABLE as given i n  the  2a t s  

There are seve ra l  d i f f e r e n t  ways i n  which 

StateLent .  

Subrciutines ca l l ed  : JQMIN, PRINT 

Commons required:  PICT 

Variables  required:  

Variables  changed: 

Several  input  cards  a r e  read. 

A l l  v a r i ab le s  i n  C O ~ C Y ) R  PICT. (see T.able 5.1) 

S ign i f i can t  5n terna l  var iab les :  
INT - i n p u t  l o g i c a l  m i t t  

L0T - output  logSca l  u n i t ,  

N A D D ( 1 )  - f i r s <  locat-ion i n  blank rommon f o r  s torage  of geometry 

da t a ,  

N CK - f l a g  t o  ind icz t e  which set  of input  op t ions  was used to 

def ine  the  two-dimensions1 s l i c e  .) 
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T a b l e  5.1. D e f i n i t i o n  of V a r i a b l e s  i n  C o m n  PICT 

-I 

V a r i a b l e  D e f i n i t i o n  

DELU The inc remen t  i n  geometry u n i t s  b e t v e e n  l i n e s  i n  t h e  
p i c t u r e  i n  t h e  U d i r e c t i o n .  

DELV The inc remen t  i n  geometry u n i t s  be tween l i n e s  i n  t h e  
p i c t u r e  i n  t h e  V d i r e c t i o n .  

xo, Y O ,  zo The c o o r d i n a t e s  i n  geometry u n i t s  d e f i n i n g  t h e  f i r s t  
p o i n t  (uppe r  l e f t  hand c o r n e r )  of t h e  p i c t u r e .  

xu, YU, zu The l e n z t h  ( i n  d i r e c t i o n  U) o f  t h e  p i c t u r e  i n  geometry 
u n i t s .  

xv, YV, zv T:ie w i d t h  ( i n  d i r e c t i o n  V) o f  t h e  p i c t u r e  i n  geometry 
u n i t s .  

NST@R( 130) Ar. a r r a y  used t o  s t o r e  t h e  medi, .zn,  r e g i o n ,  o r  zone 
n m h e r  f o r  one  l i p e  of the p i c t u r e .  

I RG P f l a g  I r td ic . l t inp ,  that r e g i o n ,  zone ,  o r  r ' . t>d im geometry 
parameter s h o u l d  be printed i f  I R G  is n e g a t i v e ,  z e r o ,  
or  p o s i t i v e ,  r e s p e c t i v e l y .  

-- --- .- -- - 

. .  
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5.3.2 Subrout ines  

Subrout ine  PRINT (KXX, KYY, ATABLE) - 
This r o u t i n e  c o n t r o l s  t h e  p r i n t i n g  of t h e  p i c t u r e .  F i r s t  it i s  

determined i f  t h e  p i c t u r e  is to  b e  more than one "page" (139 c o l u w s )  

d*de and then f o r  each l i n e  of  t h e  p i c t u r e  on t h e  f i r s t  page t h e  informa- 

tion to  be p r i n t e d  is determined by c a l l i n g  MESB and p r i n t e d  w i t h  a 
13ON. format. The n e x t  l i n e s  are then  c a l c u l a t e d  and p r i n t e d  m i t i l  

t h a t  ''page" i s  f i n i s h e d .  Note t h a t  a page r e f e r s  t o  width,  not l e n g t h .  

Thus, as much dz t a i l  may b.? obta ined  as necessary  i n  both d i r e c t i o n s  by 

p i e c i n g  t o g e t h e r  t h e  o u t p u t .  

Cal led  from: PICTuPd (Main) - 
Subrout tne  c a l l e d :  E S H  

Commons requi red :  PICT 

Variables r e q u i r e d  : 

KXX - n u d e r  of i n t e r v a l s  i n  the U d i r e c t i o n  ( d i r e c t i o n  of 

paper rcovemeiit through t h e  p r i n t e r ) ,  

Kt'y - number o f  i n t e r v a l s  i n  the V d i r e c t i o n  ( l i n e ) ,  

ATABLE - table  of c h a r a c t e r s  to b e  p r i n t e d .  

S i p i f  i c a n t  i n t e r v a l  v a r i a b l e :  

NPAGES - number of s u b p i c t u r e s  r e q u i r e d  t o  cover t h e  w i d t h  of tile 

t o t a l  p i c t u r e ,  

I@T - output  l o g i c a l  u n i t ,  

Nv - number of c h a r a c t e r s  p e r  l i n e  (charac:ters/pdge wid th) .  

i 
i 



5 . 3 4  

Subroutine MESH (XS, YS, ZS, NV) - 
Subroutine MESH is used by t he  PICTURE p a c b g e  t o  set up one l i n e  

Both f o r  e f f i c i ency  and t o  debug t h e  com- of p r i n t  i n  the  a r r ay  NSTgR. 

b i n a t o r i a l  geometry ?ackage*,  t h i s  vers ion  has been modified t o  work 

e x a c t p  l i k e  p a r t i c l e  t racking.  

z m e  of t he  f i r s t  g r id  poin t .  

then i n i t i a l i z e d ,  and successive c a l l s  t o  G 1  " t rack" a p a r t i c l e  t o  the  

las t  po in t ,  s e t t i n g  the region of each g r id  poin t  i n  NSNR. 

I R G  negat ive,  zero,  o r  pos i t i ve ,  e i t h e r  NREG, I R ,  o r  NlED w i l l  be  s t o r e d  

ir. t he  p r i n t  a r r ay  NSTgR. 

.I. 

L@@KZ is f i r s t  c a l l e d  t o  determine the  

A t r a j e c t o r y  t o  t h e  l a s t  g r id  po in t  is 

By n e t t i - * g  

Called from: PRINT 

S ibrout ines  ca l l ed :  L@@K.L, G1 
Cornons required:  

Variables  required:  

FICT, G@MLaC, PMIEM, 0 R G 1 ,  blank. 

XS, YS, ZS - coordinate?. of f i r s t  g r id  p o i n t ,  

NV - number of g r id  poizits, 

OELV - dis tance  berween g r i d  p r i n t s ,  

1RG - f l a g  t o  p r i n t  NREG, I R ,  o r  N.%D i f  I R C  is nega t ive ,  

zero,  o r  pos i t i ve .  

Variables  changed: 

S ign i f i can t  i n t e r n a l  va r i ab le s  : 

J - gr id  poin t  index, 

ISTQR - vaiue  to be stored i n  IiSTOR between successive bound.-ry 

NSTgR - p r i n t  a r ray .  

crossings.  

- 
*See P a r t  4 ,  Sect ion 4.7 of t h i s  document. 
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- 5 .4  Inptt Data 

1. Card PA: F o m t  (i5) 

NUSE: The number of c h a r a c t e r s  to b e  r e a d  on Card B :o rep!ace t h e  

s t a n d a r d  v a l u e s  of ATPBLE. 

i f  the s t a n d a r l  ATABLE i s  d e s i r e d .  

Leave Card -4 b l a n k  and G!r&t Card B 

NUSE 5 50. 

2. Card PB: Format (50A1) ( o m i t  if NUSE = 0) 

ATABLE(I), I=]., NUSE: The list of c h a r a c t e r s  t h a t  are t o  b e  p r i n t e d  - 
for each medium. For medium N ,  AT.APLE (N+1) is p r i n t e d .  I f  

N 2 47, ATABLE (48 )  is p r i n t e d .  

ATABLE are: 

The  s t a n d a r d  v a l u e s  of 

C h a r a c t e r  P r i n t e d  ---- Medi urn Nurnber 

0 ( E x t e r n a l  vo id )  

1 through 9 1 through ? 
10 through 35 through L 

36 through 46 v a r i o u s  special  

- 47 ( i n c l u d i n g  ( b l a n k )  

c h a r a c t  el-s 

i n t e r n a l  vo ids )  

3. GF0N i n p u t :  Corabinatorial geone t ry  inpu t . '  

4. Card PC: F o m a t  ( 2 1 2 ,  181.4; 

= 0 After t h i s  p i c t u r e ,  r e t u r n  t o  Card PC fo r  another p i c t u r e  
INCT: I 

1 = 1 A f t e r  t h i s  p i c t u r e ,  read i-, a new GE@M i n p u t .  ( s t e p  3 above) 

= -1 Disp lay  the r e g i o n  geom-try. 

= 3 Disp lay  t h e  zon.2 geometry. I = 1 Display t h e  marerial geometry. 

w i t h  t h e  same geometry. 

IRG : 

TITLE(I), T=l, 18: 72 c h a r a c t e r s  to be prin:ed as a t i t lc .  

f 
Osee d e s c r i p t i o n  of geometry i n p u t  i n  S e c t i o n  4 . 1  0: P a r t  4 .  
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5 .  Card PD: Format (6E10.5) 

, . 
. ~ .,-. 

. .  

. ... . -. 
, . 

. ~ .,-. 
. .  

. ... . -. 

. .  

X, Y, and Z coordinates  in tha  combinator ia l  geometry of t he  
upper l e f t  corner  of t h e  p ic ture .  

Y L ~ .  X, Y ,  and 2 coordinates  in t he  combinator ia l  geometry of t he  
lower r i g h t  corner  of t he  p i L t u t e .  

ZLR 

Note: Card PD p a r t i a l l y  descr ibes  the  p l a n e  of t he  sl ice by def in ing  

two po in t s  i n  the  plane and des igna tes  the  top, bottom, l e f t  

and r i g h t  siees of t he  p i c tu re .  

XLR I 
6. Card PE: Format (6E10.5) 

Y r e c t i o n  numbers propor t iona l  to the  d i r e c t i o n  cos ines  f o r  
the  U a x i s  of the  p i c tu re .  
page i n  the  d i rec t ior ,  t he  page moves througli the  p r i n t e r .  

The U ax i s  po in t s  down the  pr in ted  

Direct ion numbers f o r  t he  V ax i s  of the  p ic ture .  
p o i n t s  t o  the  r i g h t  ac ross  the page. 

The V a x i s  

vy "2 i 
NOTE: Card PE completes the  desc r ip t ion  of the  plane of t h e  s l ice  by 

g iv ing  a l ine i n  the  plane,  a l s o  s p e c i f i e s  t he  o r i e n t a t i o n  

of the  p i c t u r e  on the  output .  

7 .  Card PF: Foruat (215, 2E10.5) 

NU: 

NV: 

DELU: 

DELV: 

NOTE: 

Number of i n t e r v a l s  t o  p r i n t  along Lhe U a x i s  (over r ides  9ELU). 

N h e r  of i n t e r v a l s  t o  p r i n t  along the  V a x i s  (over r ides  JELV). 

Spacing ( i n  GE@M un i t s )  of i n t e r v d s  along the  U axis. 

Spacing ( i n  GE@M u n i t s )  of i n t e r v a l s  a long the  V ax i s .  

A l l  four e n t r i e s  are n o t  required a s  input  on Card PF; 

see below f o r  z-cplanation. 

I 



b. 
I .  

5.5  Options 

5.5-1 

1. 

For t h i s  case NIJ a d  NV must b e  s p e c i f i e d .  I n  a d d i t i o n ,  e i t h e r  

DELU o r  DELV must be s p e c i f i e d .  

w i l l  produce an u n d i s t o r t e d  p i c t u r e .  

t h e  p i c t u r e  is l i k e l y  to be d i s t o r t e d .  

If t h e  o t h e r  is l e f t  blank,  t h e  code 

I f  both  DELU and DELV are s p e c i f i e d  

The s t a n d a r d  p r i c t e r s  give 1 0  

c h a r a c t e r s  t o  t h e  inch across a line b u t  only 6 l i n e s  per i n c h  down t h e  

page. Because Of t ! -ds DELLr = .h*DELU is necess.qry to ?r~?.c:c & k  

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

2.  

If any one v a r i z b l e  on Card PD is s p e c i f i e d ,  t h e  code w i l l  c a l c u l a t e  

t h e  o t h e r s  t o  produce an u n d i s t o r t e d  p i c t u r e .  

I f  b o t h  NU and DELG (or b o t h  NV and DEL\?) are s p e c i f i e d ,  DELU (or 

DELV) w i l l  be  ignored .  

The U and V axes  may have a r b i t r a r y  o r i e n t a t i o n .  ( I f  they are n o t  

or thogonal ,  t h e  r e s u l t i n g  p i c t u r e  w i l l  be  d i s t o r t e d . )  I n  Option I,  the 

f i r s t  p o i n t  w i l l  b e  a t  (X,  Y ,  Z),, and the remaining p i n t s  jfi t!ie 

d i r e c t i o n s  and at  t h e  d i s t a n c e s  s p e c i f i e d .  I n  Option 2 ,  the  rnnge frcm 

XLX t o  XLy is div ided  i n t o  i n t e r v a l s  and t h e  c a l c u l a t e d  points w i l l  b e  

a t  t h e  m'ldpoints of t!:e i n t e r v a l s .  

past: (X,  Y ,  Z), and t h e  f i n a l  p o i n t  w i l l  be v i t h i n  112 i n t e r v a l  of  (X, 

Y, Z)Lg. 

axes are not or thogonal ,  t h e  Location of t h e  f i n a l  p o i n t  is n o t  r e a d i l y  

p r e d i c t z b l e .  

The f i r s :  p o i n t  w i l l  be  1 / 2  in te rva l .  

I f  (X ,  Y, Z)LR does n o t  i i e  ;)n t h e  U-V plane ,  o r  i f  t h e  U and ? 

The s i m p l e s t  method t o  o b t a i n  t h e  c o r r e c t  r e s u l t s  is t o  s p e c i f y  two 

diagonal  c o r n e r s  of t h e  p lane  of t h e  s l i c e  on Catd PD, x i t h  t h e  top 

having t h e  s h o r t  dinension.  

p a r a l l e l  t o  t h e  edge of t h e  s l i c e  with t h e  l a r g e  dimension ( l e f t  o r  r i g h t  

s i d e ) ,  and t h e  V a x i s  to be p a r a l l e l  to  t h e  edge of t h e  s l i c e  wi th  t h e  

small dimension ( t o p  o r  bottcm). 

be NV e q u a l  t o  maximum number of c h a r a c t e r s  p e r  l i n e  an  your p r i n t e r ;  

t h i s  w i l l  p rovide  t h e  l a r g e s t  - d i s t o r t e d  p i c t u r e .  

Then, on Card PE, s p e c i f y  t h e  U a x i s  to be 

F i n a l l y ,  l e t  t h e  only e n t r y  on Card PF 

. . . -  . , .  , . .. . .- . . + .  
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