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Abstract 

A Monte Carlo IBM-7090 program, called OGRE-P1, has been 

written for  the  calculation of dose r a t e  on one side of a slab due 

t o  e i ther  an isotropic or  a collimated monoenergetic g a m  ray source 

on the other side of the s lab.  Up t o  50 homogeneous regions and 13  

kinds of media are  permitted. 
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to revision or correction and therefore does not  represent a f inal  report. The 
information i s  not to be abstracted, reprinted or otherwise given ~ u b l i c  dis- 
semination without the approval of the ORNL patent branch, Legal and Infor- 
mation Control Department. 
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The Monte Carlo program OGFE-P1 has been w r i t t e n  f o r  t h e  IBM-7090 

t o  so lve  t h e  problem of gamma-ray t ransmiss ion  through laminated s l a b s  

of var ious  m a t e r i a l s .  It  was w r i t t e n  wi th in  t h e  framework of t h e  ERE 

system1 which i s  a  gene ra l  purpose gamma-ray program. S p e c i a l  r o u t i n e s  

used by OGRE-P1 t o  so lve  t h e  plane problem inc lude  a source  rou t ine ,  a 

geometry rou t ine ,  a r o u t i n e  f o r  computing t h e  e s t i m a t o r ,  and input  and 

output  r o u t i n e s  . 
The program c o n s i s t s  of two p a r t s  - OGRE-PlA-W, a  code which gener- 

a t e s  h i s t o r i e s  i n  plane geometry and w r i t e s  t h e  d e t a i l s  of each c o l l i s i o n  

on magnetic tape,and EFtE-P1A-R,which reads  t h e  c o l l i s i o n  t a p e s  and com- 

putes  t h e  dose r a t e  due t o  t h e  gamma r a y s  emerging from t h e  s l a b .  Both 

t ape  w r i t i n g  and t a p e  reading  a r e  accomplished s imultaneously wi th  com- 

pu t ing  . 
The source  i s  an  i n f i n i t e  plane of monoenergetic gamma rays  l o c a t e d  

on t h e  f a c e  of t h e  laminated s l a b .  The source  may be e i t h e r  monodirec- 

t i o n a l  o r  i s o t r o p i c  i n  t h e  ha l f - sphe re .  The number of homogeneous s l a b s  

( r e g i o n s )  i s  l i m i t e d  t o  50. The number of d i f f e r e n t  kinds of media i s  

l imi t ed  t o  13 .  The medium d e s c r i p t i o n  i s  given on inpu t  cards  by l i s t i n g  

t h e  number of media, and, f o r  each medium, t h e  number of elements p e r  

medium followed by t h e  atomic dens i ty ,  e l e c t r o n  d e n s i t y ,  and element 

abso rp t ion  c ros s  s e c t i o n .  The abso rp t ion  c ros s  s e c t i o n  i s  t h e  sum 3f 

t h e  p h o t o - e l e c t r i c  and pa i r -product ion  c ros s  s e c t i o n s .  The s l a b  i s  

f u r t h e r  desc r ibed  by a l i s t  of reg ion  th i cknesses  and medium numbers. 

( s ee  summary of i npu t  t o  ERE-PU). 

1. S. K. Penny, D .  K .  Trubey, and M. B. Emmett, "CGRE, A General  Purpose 
IBM-790 Program f o r  t h e  So lu t ion  of Gamma-Ray Transpor t  Problems" 
( t o  be p u b l i s h e d ) .  



The tape  reading code requ i res  a l i s t  of flux-to-dose conversion 

f a c t o r s  which a r e  used t o  generate a s t a t i s t i c a l  est imation dose r a t e  

a t  t h e  " rea r t t  surface  of the  s l ab .  The standard devia t ion of the  mean 

i s  computed. The uncoll ided dose r a t e  i s  computed a n a l y t i c a l l y  using 

e i t h e r  e x p ( - ~ / y )  f o r  t h e  monodirectional case, where T is  thickness i n  

mfp and y i s  t h e  cosine of t h e  angle (measured from t h e  normal), o r  

E (T)  f o r  t h e  i s o t r o p i c  case, mul t ip l i ed  by the  f lux-to-dose conversion 
1 

f a c t o r  a t  t h e  inc ident  gamma ray energy. Thus the  dose r a t e  i s  norma- 

2 
l i z e d  per u n i t  source photon per cm . 

The tape-writ ing code has an option which w i l l  wr i t e  t h e  t o t a l  

cross sec t ion t a b l e  f o r  each medium on l o g i c a l  tape  30 f o r  use by t h e  

processing code. I f  the re  i s  only one medium, tape 30 need not be used 

s ince  t h e  only cross sec t ions  needed a r e  wr i t t en  along with t h e  h i s t o r y  

parameters. This need be done only once f o r  each media-array. The 

h i s t o r y  parameters a r e  wr i t t en  and read s t a r t i n g  with l o g i c a l  tape  1 

and proceeding upwards, using as many tapes  a s  necessary (genera l ly  one 

o r  two). The number of h i s t o r y  tapes  t o  be used a r e  input  numbers. In  

the  case of tape  wri t ing ,  an on-line message t o  t h e  operator  w i l l  be 

p r in ted  i f  more tapes  a r e  needed on t h e  machine and t h e  maximum number 

of tapes ( spec i f i ed  i n  t h e  inpu t )  has not been exceeded. Then t h e  problem 

w i l l  continue.  This i s  l i k e l y  t o  happen i f  t h e  tapes  a r e  bad and only a 

small amount of t h e  tape  can be used. 

The h i s t o r i e s  w i l l  be terminated e i t h e r  by leakage o r  by f a i l i n g  

e i t h e r  t h e  energy cut-off o r  weight cut-off  t e s t s .  I n  the  case of t h e  

weight cut -off ,  a game of Russian Roulette i s  played. I n  processing 



t he  h i s t o r i e s ,  an input number may be used t o  l i m i t  t h e  number of h i s -  

t o r i e s  processed. 

Summary of Input t o  CGm-P1A Programs ----- 
1. History Generating Code CGRF-PlA-W 

Fortran Input Format h t a  Descript ion - 
(3E11.3, 13) No. of h i s t o r i e s ,  energy cut -off  ( ~ e v ) ,  

weight cut -off ,  No. of t apes  (Max). 

No. of media. 

No. of elements per  medium, order  de te r -  
mines medium number. 

Atomic dens i ty  (atoms/b-cm), e l ec t ron  
dens i ty  ( e l e c t .  /b-cm), No. of 

I i * 
I c ross  sec t ion  po in t s .  

( ~ n e r g y - ~ ( ~ e v ) ,  absorption cross  sec t ion  
a t  E)* f o r  log-log i n t e r p o l a t i o n  i n  
code. 

( @I2 ) I n i t i a l  random number (must end i n  1 o r  5 ) .  

I n i t i a l  energy ( ~ e v ) ,  cosine of inc iden t  
angle  (zero  o r  blank f o r  i s o t r o p i c  
d i s t r i b u t i o n ) .  

(214) No. of regions,  No. of media. 

[6 (~8 .2 ,14) ]  [ ~ h i c k n e s s  (cm), medium number]* region 
by region.  

Write cross sec t ion  tape  30 (0001, yes; 
blank o r  0000, no) .  

*Repeat a s  necessary. 



2. Processing Code OGRE-PlA-R 

No. of tapes,  blank, l i m i t  on t o t a l  
h i s to r i e s  processed. 

(14) No. of flux-to-dose conversion fac tors .  

[ 1 0 ( ~ 7 . 2 ) ]  [ ~ f ~ e v ) ,  Dose (E)]*. 

No. of regions, No. of media, cosine of 
incident angle (zero or blank r o r  
isotropic d i s t r i bu t ion ) .  

['Thickness (cm), medium number!* 
region by region. 

Tape assignment (both codes) 

32 Input 
31 Output 
30 Cross sections ( i f  needed) 

1 - N  History tapes ( N  = No. of tapes t o  be used). 

*Repeat as  necessary. 

Note: Energy tab les  f o r  cross section and dose conversion fac tors  must 
monotonically increase. 
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