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ABSTRACT 

A collection o f  computer codes entitled MICAP - A M_onte Carlo 

- Ionization Chamber Analysis Package has been developed to determine 

the response of  a gas-filled cavity ionization chamber in a mixed 

neutron and photon radiation environment. In particular, MICAP 

determines the neutron, photon, and total response of the ionization 

chamber. The applicability of MICAP encompasses all aspects of 

mixed field dosimetry analysis including detector design, pre- 

experimental planning and post-experimental analysis. 

The MICAP codes include: RDNDF for reading and processing 

ENDF/B-formatted cross section files, MICRO for manipulating micros- 

copic cross section data sets, MACRO for creating macroscopic cross 

section data sets, NEUTRON for transporting neutrons, RECOMB for 

calculating correction data due to ionization chamber saturation 

effects, HEAVY for transporting recoil heavy ions and charged parti- 

cles, PECSP f o r  generating photon and electron cross section and 

material data sets, PHOTPREP for generating photon source input 

tapes, and PHOTON for transporting photons and electrons. The codes 

are generally tailored to provide numerous input options, but when- 

ever possible, default values are supplied which yield adequate 

results. All of the MICAP codes function independently, and are 

operational on the ORNL IBM 3033  computer system. 



MICAP - A MONTE CARLO - IONIZATION CHAMBER ANALYSIS - - PACKAGE 

... 

1.0 INTRODUCTION 

There have been three basic methodologies developed for the 

transport of  neutron and photon radiation through matter - diffusion 
theory, discrete ordinates, and Monte Carlo. Each of these 

methodologies has been incorporated into sophisticated computer 

codes applicable to a wide range of problems. The applicability of 

a methodology to a particular problem is largely dependent on the 

strengths (or weaknesses) of the methodology and the size and speed 

of the computer. Diffusion theory and one-dimensional discrete 

ordinates codes were the early workhorses for radiation transport 

because of the data requirements and speed of problem execution. As 

the computer industry developed larger and faster computers, 

multidimensional discrete ordinates and Monte Carlo codes became 

economically feasible and viable alternatives to the diffusion 

theory codes. Furthermore, the evolution of the fast and powerful 

computers and equally sophisticated computer codes led to an 

expansion in the applicability of the methodologies employed in 

radiation transport. This fact coupled with the increased interest 

in neutron sources in radiation dosimetry led to the development of 

MICAP - A Monte - Carlo Ionization Chamber Analysis Package. 

MICAP is designed for determining the response of a gas-filled 

cavity ionization chamber in a mixed neutron and photon radiation 

environment. In particular, the code system will determine the 

neutron, photon, and total response of  the ionization chamber. The 
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applicability of  the code system covers all aspects o f  mixed field 

dosimetry analysis including detector design, pre-experimental 

planning and post-experimental analysis .l Utilization of MICAP in 

radiation dosimetry analysis will yield a better understanding of 

experimental results, and eliminate most of  the shortcomings of the 

methods current1.y being employed. 

The following sections detail the specifics of each module in 

the MICAP code system. The modules include: 

RDNDF Reads ENDF/B-formatted cross section files and processes 

the data into a suitable form for calculating ionization 

chamber response characteristics using a continuous Monte Carlo 

code. 

MICRO Manipulates the microscopic cross section data sets 

created in program RDNDF. In particular, MICRO can combine, 

copy, or copy and thin data sets. 

MACRO Creates a macroscopic total cross section data set f o r  

the mixtures in a particular problem. 

NEUTRON Transports the neutron source incident on the 

ionization chamber and generates the recoil heavy ion and 

charged particle tape and the secondary photon production t ape .  

RECOMB Calculates the saturation effects which may be present 

in an ionization chamber, The saturation data curves are 

applied in the recoil heavy ion and charged particl e transport. 

HEAVY Transports the recoil heavy ions and charged particles 

generated in the NEUTRON module. It also incorporates the 

saturation data (if needed) and determines the ionization 
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.... 

chamber response by r e c o i l  heavy ion o r  charged p a r t i c l e  type 

due t o  neutrons.  

PECSP 

da ta  f o r  use i n  the  PHOTON module. 

PHOTPREP Generates photon source tapes  f o r  input  i n t o  the  

PHOTON module. 

PHOTON Transports  t he  primary photons inc ident  on the  

i o n i z a t i o n  chamber and the  secondary photons generated i n  the 

NEUTRON module. Determines the  ion iza t ion  chamber response due 

t o  photons. 

Generates photon and e l e c t r o n  c ross  s e c t i o n  and mater ia l  

A s impl i f i ed  flow diagram of MICAP is  presented i n  Figure 1. 

Each of the modules documented i n  t h i s  r e p o r t  have seve ra l  

s p e c i a l  f e a t u r e s  which a r e  descr ibed i n  the  ind iv idua l  s e c t i o n s .  

Each s e c t i o n  includes a b r i e f  desc r ip t ion  o f  the  module, the  input  

requirements ,  and a sample problem with input  and s e l e c t e d  outputs  

shown. For t h i s  c o l l e c t i o n  of  codes,  the  general  approach has been 

t o  provide numerous input  op t ions ,  but whenever poss ib l e ,  d e f a u l t  

va lues  are suppl ied which w i l l  y i e l d  adequate r e s u l t s  with a minimuin 

o f  e f f o r t .  
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2 .0  RDNDF - A CODE FOR READING ENDF/B-FORMATTED DATA FILES 

.... 

2.1 Code Description 

The program RDNDF is designed to read ENDF/B-formatted cross 

section files and process the data into a suitable form for 

calculating ionization chamber response characteristics using a 

continuous-energy Monte Carlo program. In particular, the program 

processes the ENDF/B general information file 1; the neutron data 

files 3 ,  4 ,  and 5; and the secondary photon production data files 

12, 13, 14, and 15. Program RDNDF assumes the data has already been 

pre-processed through the RESNDS-LINEAR/SIGMAl program (Appendix A)  

and that all cross-section data is linearly interpolable over the 

entire energy range. Because the pre-processing package is 

structured to be executed for one material at a time, the RDNDF 

program is also currently limited to processing only one material at 

a time. Special features of RDNDF include: 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

Processes either binary or BCD formatted data. 

Stores either YO or o in the fission cross section 
position. E f 

Utilizes random access devices in the data processing. 

Calculates an average photon production per neutron 
interaction table as a function of  energy. 

Calculates a total neutron disappearance table a s  a 
function o f  energy. 

Processes the neutron angular distribution data into 
tabulated probability distribution functions. 

Assumes the secondary photon angular distributions are 
isotropic. 

.... 
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8. Writes control block records and dictionary records to 
maintain book-keeping of the sequentially written output 
file . 

9. A l l o w s  thinning of  the output cross sections and angular 
distributions. 

10. Incorporates multiple options to print portions of the 
various output f i 3 es . 

To completely understand the contents of the ENDF/B data files and 

the definitions of the variables written in the output of  Files 4 ,  

5, 12, 13, and 15, the user should consult ENDF-102: The Data 

Formats And Procedures Manual for the Evaluated Nuclear Data File, 

ENDF/R-V.2 The subroutine hierarchy o f  program RDNDF is shown in 

Figure 2, and a list of  the program subroutines along with their 

functions is given in Table 1. 

2.2 Input RequiremenTs 

The following input cards are required in order to execute a 

RDNDF case. Default values are in brackets ( [ I ) .  

Card 1: Format (3E12.5,316) 

TOT.. 

ANGTOL 

TEMP 

MODE 

MATNO 

NUSIG 

Fractional thinning tolerance for the output microscopic cross 
sections. [1.00-031 

Fractional angular tolerance for the output angular 
distributions. [1.00-021 

Cross-section temperature in degrees Kelvin. [ O . O J  

Input cross-section data mode (0 - binary; 1 - BCD). 

ENDF/B material identification number. 

Fission cross-section storage f l a g .  
(0 - stores vu  1 - stores (T ) [ O ]  F’ F 
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Figure 2 .  (continued). 
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Table 1. Subroutine Functions in Program RDNDF 

I______ 
--II___ 

Subroutine Function 

ANG 

CAPMSH 

CAPXS 

CONT 

CONTRL 

CPEMSH 

CROP 

DIRECT 

EVAP 

FILE1 

FILE3 

FILE4 

FILE5 

Reads an ENDF/B File 4 tabulated probability 
distribution and transformation matrix €ile to 
reconstruct the angdar distribution probability tables. 

Calculates the energy mesh for the total 
neutron disappearance array. 

Calculates the total neutron disappearance 
array €or the energy mesh calculated in routine CAPMSH. 

Reads an ENDF/B-formatted control record searching 
for the material number MAT. 

The driver routine for reading the ENDF/B fil.es, 
manipulating the data, and writing the output data set 

An interpolation routine for calculating the 
composite energy mesh for the total neutron 
disappearance array. 

Thins an array using the tolerance TOT4. 

List out the directory for the output neutron 
dictionary array ( IDICT) . 
Reads an ENDF/B File 5 simple fission spectrum 
(Maxwellian) or an evaporation spectrum. 

Reads the file from ENDF/B File 1 and 
writes it to logical unit 9 for future use. 

Reads the neutron cross section data from ENDF/B 
File 3 and writes it sequentially to logical unit 8 
for future use. 

Reads the neutron angular distribution data from 
ENDF/B File 4 and writes it sequentially to logical 
unit 8 f o r  future use. 

Reads the neutron se-ondary energy distribution data from 
ENDF/B File 5 and writes it sequentially to logical 
unit 8 for future use. 
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Table 1. (continued) 

....... 
~ _-___ ............ 

___ ~ 

Function ........... ......... .. 
Subroutine 

FILElLc 

FILE15 

FISSION 

GAMMA 

GAMPKD 

HOLL 

INTERP 

ITPSCT 

LEG 

LF5 

LIST 

MAIN 

JWBAR 

Reads the photon angular distribution data from ENDF/B 
File 14. 

Reads the photon secondary energy distribution data from 
ENDF/B File 15 and writes it sequentially to logical 
unit IGAM for future use. 

Reads the u data from logical unit 9 and the 
of cross section from logical unit 8 and constructs 
- 

vaf - 
Reads the photon production multiplicities 
from ENDF/B File 12 and the photon production cross 
sections f r o m  ENDF/B File 13. Computes the total photon 
production cross sections and writes it sequentially to 
logical unit IGAMP. Writes the partial cross secti-on 
sets sequentially to logical unit IGAM for future use. 

Computes the average number of photons emitted per 
collision array. 

Reads the second and third records of ENDF/B File 1 
and the hollerith data section describing the data set 
evaluation. 

A general interpolation routine capable of executi ne, 
the five ENDF/B interpolation schemes. 

Flags the user when a neutron reaction scatters 
isotropically. 

Reads an ENDF/B File 4 Legendre polynomial coeffici-ent 
and transformation matrix file to reconstruct the angular 
distribution probability tables. 

Reads an ENDF/B File 5 general evaporation spectrum. 

Keads ENDF/B formatted LIST records. 

Initializes the amount: of core storage (LEN) used for 
the data processing and closes the random access units 

- 
Reads the v array from logical unit 9 and 
writes it to logical unit 8 for future use. 
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Table 1. (continued) 

I_-- -_ 
Sub r ou t ine Function 

PNAB2 

PROBNA 

RDCONT 

RDMAIN 

RFI LE 3 

RFILE4 

RFILE5 

SHFLE 

SKIPF 

SKIPMT 

SORT 

SUMARR 

TAB 

TAB 1 

TAB2 

TERPO 

TERPP 

TERPSS 

WATT 

Writes ENDF/B MT's 102-114 to logical unit NPNAB 
for subsequent processing in routine PROBNA. 

Reads logical unit NPNAB and calculates the total. 
neutron disappearance array. 

Reads ENDF/B formatted CONTROL records. 

Reads the input data and initiates the processing 
of the ENDF/B files. 

The driver routine €or processing ENDF/B File 3 data. 

The driver routine for processing ENDF/B File 4 data. 

The driver routine for processing ENDF/B File 5 d a t a .  

Copies an array to another array for future processing. 

Reads ENDF/B formatted data to skip an entire file. 

Reads ENDF/B formatted data to skip  a particular MT. 

Sorts an array into ascending order. 

Sums two arrays of different lengths into a third a r r a y .  

Reads ENDF/B formatted TAB records. 

Reads ENDF/B formatted TAB1 records. 

Reads ENDF/B formatted TAB:! records. 

An interpolation routine used in calculating the total 
neutron disappearance array. 

An interpolation routine used in calculating the average 
photon yield per collision. 

An interpolation routine used in processing ENDF/A File 
15 data. 

Reads an ENDF/B File 5 energy dependent Watt spectrum. 
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Card 2: Format (816) 

INN 

IOUT 

NPNAB 

ISCR 

IGAM 

IGAMP 

ITABE 

OTAPE 

Input card unit. [5] 

Printed output uni-t. [6] 

Total neutron disappearance cross-section processing scratch 
unit. [61] 

Cross-section processing scratch unit. [62] 

Photon production cross-section processing scratch unit. 

Average photon production cross-section processing scratch 
unit. [64] 

Input cross section Library. [ 6 0 ]  

Output cross section Library. [65] 

[ 6 3 ]  

Card 3 :  FORMAT (916) 

NB8 

NL8 

NR8 

NB9 

NL9 

NR9 

NBlO 

NLlO 

NRlO 

Card 

Number of storage blocks for random access unit 8. [ 4 0 0 ]  

Block size for random access unit 8. [880] 

The associated variable for random access unit 8. [l] 

Number of storage blocks for random access unit 9 .  [loo] 

Block size for random access unit 9. [880] 

The associated variable for random access unit 9. [l] 

Number of storage blocks for random access unit 10. [ l o o ]  

Block size for random access unit 10. [880] 

The associated variable for random access uni-t 10. [l] 

4 :  Format (1016) 

NPRTOI. 1/0 - Print/Do not print ENDF/B File 1. [O] 

NPRTQ3 1/0 - Print/Do not print ENDF/B File 3 .  [O] 

NPRT04 1/0 - Print/Do not print ENDF/B File 4 .  [O] 

NPRTOS 1/0 - Print/Do not print ENDF/B File 5. [O] 

NPRTNU 1/0 - Print/Do not print Y array. [O] 
- 



1 3  

NPRTPY 

NPRTNA 

NPRTQA 

NPRT12 

NPRT13 

1/0 - Print/Do not  p r i n t  the  average photon production p e r  
c o l l i s i o n  a r r a y .  [ 0 ]  

1/0 - Print/Do not  print- t he  t o t a l  neutron disappearance 
a r r a y .  [ 0 ]  

1/0 - Print/Do no t  print .  the ENDF/B r e a c t i o n  Q-value a r r ay .  
[ O I  

1/0 - Print/Do n o t  p r i n t  ENDF/B F i l e s  12 and 1 3 .  [ o ]  

1/0 - Print/Do not  p r i n t  ENDF/B F i l e  1 5 .  [ O ]  

2.3 Input Data Notes 

MODE While RDNDF i s  w r i t t e n  t o  accept  e i t h e r  b inary  o r  BCD 

formatted input  da t a  f i l e s ,  t he  pre-processor  package only 

produces BCD d a t a  f i l e s .  Therefore MODE should always be s e t  

t o  1. 

NUSIC The d e f a u l t  value i s  se t  t o  zero because the  NEUTRON 

code expects  the  f i s s i o n  c ros s  sec t ion  s t o r e d  a s  uo 

Therefore s e t  NUSIG t o  0 .  

NB8,N89,NB10, The numbers used f o r  t hese  s i x  va r i ab le s  are 

NL8,NL8,NL10, dependent on the  mater ia l  being processed. A 

l a r g e  block s i z e  r equ i r e s  fever  blocks and also fewer I/O's. 

However, f o r  a l l  da t a  sets ,  l a r g e  amounts of  empty spaces a r e  

being t r a n s f e r r e d .  T r i a l  and e r r o r  i s  the  b e s t  way t o  optimize 

these  va lues  i f  I/O's become a problem. 

NPRTxx 

considerable  output  f o r  l a r g e  eva lua t ions .  

- 

f' 

Flagging a l l  the p r i n t  t r i g g e r s  on a t  once w i l l  produce 

... 
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2 . 4  q 0  ..... F i l e  Requirements 
___ ........ ._.I.________ _ _ _ _ - ~ - - -  ...__________ ... .......... .... 

F i l e  IJnit Descr ir, t ion Re q u ired 

I N N  

I O U T  

NPNAB 

ISCR 

I GAM 

I GAMF 

ITAPE 

OTAPE 

5 

6 

6 1  

62 

6 3  

6 IC 

6 0  

65 

Card Input 

Pr in ted  Output: 

Neutron Disappearance Array 
Scratch Unit 

Cross Sect ion Scratch Unit  

Photon Production Cross Section 
Scratch Unit 

Average Photon Production Array 
Scratch Unit  

Input Cross Sect ion Library 

Output; Cross Sect ion Library 

A l w a y s  

A l w a y s  

Always 

Always 

Always 

Always 

A l w a y s  

Always 
....... .......... __________ .......... ......... 

2 . 5  =Requirements 

The job  cont ro l  language (JCL) needed t o  run a RDNDF case a t  
X-10 i s :  

(Job ca rd ,  rou te  and jobparm cards)  
//RDNDF EXEC PGM=RDNDF,REGION=1024K 
//STEPLIB DD DSN=X.JOJ24337.PROG,DISP=SHR 
//FT05F001 DD SYSOUT=A 
//FT08F001 DD UNIT=SYSDA, SPACE=(CYL, ( / + , I ) )  ,DCB--=(DSORG=DA,RECFM-F) 
//FT09F001 DI) UNIT=SYSDA,SPACE=(CYT.~,(4,1)),DCB=(DSORG=DA,RECFM=~) 
//FTlOF001 DD UNIT=SYSDA,SPACE=(CYL,(4,1)),DCB=(DSORG-D~,RECF~=F) 
( D D  Cards f o r  the  Input Unit)  
(DD Cards f o r  Scratch Units)  
( D D  Cards F o r  the  Output TJnit) 
/ /SYSIN DD 
( Input  Cards) 
/;k 

// 
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2.6 Sample Problem 

A complete l i s t i n g  of  t he  J C L  and input  cards  f o r  the  s a m p l e  

problem i s  given i n  Figure 3 and some s e l e c t e d  output  i s  shown i n  

Figure 4 .  The problem demonstrates the processing of  the  hydrogen 

da ta  f i l e  with a l l  p r i n t  triggers turned o f f .  
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//JOJRDNDF JOB (24337,102),’50 JOHNSON 6025’,TIME=(0,10) 
/*ROUTE PRINT RMT84 
/*ROUTE PUNCH RMT84 
/;kJOBPARM LINECT=62 
//A EXEC PGM=RDNDF,REGTON=l024K 
//STEPLIB DD DSN=X.JOJ24337.PROG,DISP=SHR 
//FT05F001 DD DDNAME-SYSIN 
//FT06F001 DD SYSOUT-A 
//FT08F001 DD UNIT=SYSDA,SPACE=(CYL,(4,1)),DCB=(DSORG=D~,RECFM~F) 
//FT09F001 DD UNIT=SYSDA,SPACE=(CYI~,(4,l)),DCB-(DSORG~DA,RECFM=~) 
//FT10F001 DD UNIT=SYSDA,SPACE=(CYL,(4,l)),DCB=(DSORG=DA,RECFM~Fj 
//FT60F001 DD DSN=MEN.XlO.JOJ.HYDROGEN,DISP=SHR 
//FT61F001 DD UNIT=SYSDA,DISP=(NEW,DELETE), 
// DSN=&&NPNAB,SPACE=(Tru(,(30,10)), 
// D C B - ( R E C F M = V B S , L R E C L , B L K S I Z E - & 4 4 7 , B U F L = = 8 l 8 4 )  
//FT62F001 D1) UNIT=SYSDA, DISP=(NEW, DELETE) , 
// D S N ~ L & I S C R , S P A C E - ~ ( T F X , ( ~ O , ~ O ) ) ,  
// DCB=(RECFM=VBS , IRECL-X, BLKSIZE=6447, BUFL=8184) 
//FT63F001 DD UNIT=SYSDA,DISP-(NEIJ,DELETE), 
// DSN=&&IGAM,SPACE=(TRK,(30,10)), 
// DCR-(RECFM-VBS,LRECL-X,BLKSIZE=6447,BUFL=8184) 
//FT64F001 DD UNIT=SYSDA,DISP=(NEW,DELETE), 
// DSN=&&rGAMP,SPACE=(TEW,(30,10)), 
// DCB=(RECFM=VBS,LRECI.=X,BLKSIZE=6447,BUFL=8184) 
//FT65F001 DD UNIT=3330V,VOL=SER=VINTO9,DISP=(NEW,CATLG), 
// DSN-MEN.XlO.JOJ.RDNDF.H2,SPACE=(TFX,(5,2O),RLSE), 
// DCB=(RECFM=VBS,LRECL=X,BLKSIZE==6447,BUFL=8184) 
//SYSIN DD * 
1.OOOOOE-03 1.000OOE-02 300.0 1 1301 1 

400 880 1 100 880 1 100 880 1 
5 6 61 62 63 64 60 65 

0 0 0 0 0 0 0 0 0 0 
/;k 

// 

Figure 3. Complete Listing of JCL and Input for RDNDF Sample 
Prob lem.  



MT= 
HT= 
PIT= 
HT= 
HT= 
HT= 
HT= 
HT= 

PILE 3 - NEUTRON CROSS SECTIONS 
1 NUMBER OF CROSS SECTIONS= 135 
2 NUMBER OF CROSS SECTIONS= 130 

102 HUBBER OF CROSS SECTIONS= 225 
102 NUKBER OF CROSS SECTIONS= 225 ADDED TO ABSORPTION 
251 SKIPPED 
252 SKIPPED 
253 SKIPPED 
285 SKIPPED 

FILE 4 - ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS 
IT= 2 NUMBER OF IMCIDENT ENERGIES= 14 

FILE 5 - ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS 
FILE 12 - PHOTON PRODUCTION MlJLTIPLICITIES AND TRANSITION PROBABILITIES 

-- AND -- 
FILE 13 - PHOTON PRODUCTION CROSS SECTIONS 

HT= 102 PILE= 12 PHOTON PRODUCTION DATA 

FILE 19 - PHOTON ANGULAR DISTRIBUTIONS 
ALL PHOTONS ARE ASSUMED TO SCATTER ACCORDING TO AN ISOTROPIC ANGULAR DISTRIBUTION 

A CONTROL BLOCK ( A C E )  

NI LENGTH 
1 2987 

B CONTROL BLOCK IBCBI 

IEA ICB RECNO IRECNO 
1001 3 13 

I CONTROL BLOCK (ICB) 

Isun AWR TEMP 
2987 9.99171-01 3.0000E+02 

LENGAX NT NTS 
368 1 0 

TOL 
,0000E-03 

NQ 
66 

ANGTOL UHR FLG . OOOOE-02 0 

LENNAB 
0 9 5 0  

THRHLEN 

Figure 4 .  L i s t i n g  of Selected Output from RDNDF Sample 
Problem. 



THE DEFINITIONS OF THE VARIABLES WXITTEN IN THE O’JTPUT OF FILES 4. 5, 12, 13, 15, AtiD NUEIAR CAN 

BE POUND IN THE DATA PORRATS AND PROCEDURES W U A L  FOR THE EVALUATED NUCLEAR DATA FILE, ENDFIB-V: ENDF-102 

OUTPUT TAPE DICTIONARY (IDICT) FOR ELEHENT 

POSITION 

1 
6 

1 1  
16 
21 
26 
31 
36 
41 
46 
51 
56 
61 
66 
71 
76 
81 
86 
91 
96 
101 
106 
1 1 1  
1 1 6  
121 
126 
131 

LENGTH 

270 
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 

POSITION 

2 
7 
12 
17  
22 
27 
32 
37 
42 
47 
52 
51 
62 
67 
72 
77 
82 
87 
92 
97 
102 
107 
112 
117 
122 
127 
132 

LENGTH 

260 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

350 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1001 

POSITION 

3 
8 
13 
18 
23 
28 
33 
38 
43 
48 
53 
58 
63 
68 
73 
78 
83 
88 
93 
98 
103 
108 
113 
118 
123 
128 
133 

L8NGTH 

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 

POSITION 

4 
9 
14 
19 
24 
29 
34 
39 
44 
49 
54 
59 

64 
69 
74 
79 
84 
89 
94 
99 
104 
109 
119 
119 
124 
129 
134 

LENGTH 

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 

POSITION 

5 
10 
15 
20 
25 
30 
35 
40 
45 
5 0  
5 5  
60 
65 
70 
75 
8 0  

85 
90 
95 
100 
105 
110 
115 
120 
125 
130 

LENGTH 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

450 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Figure  4 .  (continued) 



DIRECTOR 
POSITION 1: 
POSITION 2: 
POSITION 3: 
POSITION 4: 
POSITION 5: 
POSITION 6: 
POSITION 7: 
POSITION 8: 
POSITION 9: 
POSITION 10: 
POSITION 1 1 :  
POSITION 12: 
POSITION 13: 
POSITION 14: 
POSITION 15: 
POSITION 16: 
POSITION 17: 
POSITION 18: 
POSITION 19: 
POSITION 20: 
POSITION 21: 
POSITION 22: 
POSITSOW 73: 
POSITION 24: 
POSITION 25: 
POSITION 26: 
POSITION 27: 
POSITION 28: 
POSITION 29: 
POSITION 30: 
POSITION 31: 
POSITION 32: 
POSITION 33: 
POSITION 34: 
POSITION 35: 
POSITION 36: 
POSITION 37: 
POSITION 38: 
POSITION 39: 
POSITION 40: 

Y OF THE OUTPUT TAPE DICTIONARY (IDICT) 
TOTAL CROSS SECTION (IT= 1 ) 

ELASTIC SCATTERING CROSS SECTION (MT= 2 
TOTAL INELASTIC SCATTERING CROSS SECTION (PIT= 4 1 
(N,ZN) CROSS SBCTION FOR 1ST EXCITED STATE (MT= 6 I 

(N,2N) CROSS SECTION FOR 2ND EXCITBD STATB (IT= 7 ) 

tN,2N) CROSS SECTION FOR 3RD EXCITED STATE (&IT= 8 
(N,2N) CROSS SBCTION FOR 4TH EXCITED STATE (MT= 9 1 
TOTAL (N,2N) CROSS SECTION (MT- 16 ) 

TOTAL (N.311) CROSS SECTION (IT= 17 1 
TOTAL FISSION CROSS SECTION (HT= 18 ) 

(N,N"A) CROSS SECTION (MT= 22 ) 

(N,2NA) CROSS SECTION (UT= 24 ) 

(N,N"P) CROSS SECTION (MT= 28 ) 

tN,ND) CROSS SECTION TO THE 1ST EXCITED STATE (HT= 51 ) 

(N,N") CROSS SECTION TO THE 2ND BXCITSD STATE (MT= 52 ) 

(N,N") CROSS SBCTION TO THE 3RD SXCITED STATE f%T= 53 ) 

(N,N") CROSS SECTION TO THE 4TH EXCITED STATB (MT= 54 ) 

(N.N") CROSS SECTION TO THE 5TH EXCITED STATE (UT= 55 > 
(N.N"l CROSS SECTION TO THE 6TH BXCITBD STATE (MT= 56 1 
(N,N") CROSS SECTION TO THLl 72H EXCITED STATE (KT= 57 ) 

(N,N") CROSS SECTION TO THB 8TH EXCITED STATE (MT= 58 ) 

(N.N") CROSS SECTION TO THE 9TH EXCITED STATE (PIT= 59 ) 

(N.N*) CROSS SECTION PO THP lOTH EXCITED STATE (PIT= 60 ) 

(NP,N") CROSS SECTION TO THE tlTH EXCITED STATE (MT= 61 ) 

(N,N") CROSS SECTION TO THE 12TH EXCITED STATK (HT= 62 1 
(N,N") CROSS SECTION TO THE 13TH EXCITED STATE (MT= 63 ) 

(N,N") CROSS SECTION TO THE 14TH EXCITED STATB (MT= 6 9  ) 

(N,N") CROSS SECTION TO THE 15TH EXCITED STATE (MT= 65 1 
(N,R") CROSS SECTION TO THE 16TH EXCITED STATE (XT= 66 ) 

(N,N") CROSS SECTION TO THE 17TH EXCITED STATE tMT= 67 
(N,N") CROSS SECTION TO THE 18TH BXCITBD STATB IMT= 68 > 
(N,N") CROSS SECTION TO THE 19TH EXCITED STATB (IT= 69 ) 

(N,N") CROSS SECTION TO THE 20TH KXCITED STATE (&IT= 70 1 
(N,N") CROSS SBCTION TO THE 21ST EXCITED STATE tMT= 71 1 
(N,N") CROSS SECTION TO THE 22ND EXCITED SPATB tMT= 7 2  1 
(N,N") CROSS SKCTION TO THE 23RD EXCITED STATE (MT= 73 1 
(N,N") CROSS SECTION TO THE 24TH EXCITED STATE (MT= 74 ) 

(N,N") CROSS SECTION TO THE 25TH EXCITED STATB (UT= 75 ) 

(N,N") CROSS SECTION TO THE 26TH EXCITED STATB (PIT= 76 I 
(l,U"! C"n35S S P t i l O t i  Vu THE 27TH BXCITED STATE (MT= 77 ) 

Figure 4 .  (continued), 



POSITION 
POSITION 
POS ITJON 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSIT ION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSIT ION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSIT ION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 

4 1 :  

42: 
43: 
44: 
45: 
46: 
47: 

49: 
50: 
51 : 
52: 
53: 
5 4 :  
5 5 :  
56: 
57: 
58: 
59: 
60: 
61: 
62: 
63: 
64: 
65: 
66: 
67: 
68: 
69: 
70: 
71 : 
72: 
3 3 :  
7 9 :  
75: 
7 6 :  
77: 
78: 
79: 
BO: 

48: 

LN,N"J CROSS SECTIUN TO TEE 2ETH EXCITED STATE (!IT= 78 1 
:N,N") CROSS SECTION TO THE 29TH EXCITED STATE (BIT= 79 1 
(N,N") CROSS SECTION TO THE 30TH EXCITED STATE (IT= 8 0  ) 

(N,N") CROSS SECTION TO THE 31ST EXCITED STATE (KT= 81 ) 

(N,N") CROSS SECTION TO THE 32ND EXCITED STATE (MT= 82 ) 

(N,N") CROSS SECTION TO THE 33RD EXCITED STATL (MT= 83 1 
(N,N") CROSS SECTION TO THE 34TH EXCITED STATE (BIT= E4 ) 

(N,N") CROSS SECTION TO THE 35TH EXCITED STATE (BIT= 85 ) 

(N.N-) CROSS SECTION TO THE 3 6 ~ ~  EXCITED STATE (IT= a 6  
(H,N") CROSS SECTION TO THE 3 7 ~ ~  EXCITED STATE (IT= a 7  
(N,N") CROSS SECTION TO THE 3ETH EXCITED STATE IMT= 88 1 
(N,N") CROSS SECTION TO THE 39TH EXCITED STATE (PIT= E9 ) 

(N,N") CROSS SECTION TO THE 4018 EXCITED STATE (BIT= 90 ) 

(N,N") CROSS SECTION TO THE CONTINUUM (BIT= 91 1 
(N,G) CROSS SECTION (BIT= 1021 
(N,Pl CROSS SECTION (MT= 103) 
(N,D) CROSS SECTION (BIT= 104) 
(N,T) CROSS SECTION (MT= 1 0 5 )  
(N.3HE) CROSS SECTION (IT= 1 0 6 )  

(N,A) CROSS SECTION (PIT= 107) 
IN,ZA) CROSS SECTION (IT= 108) 
(N,3A) CROSS SECTION (IT= 109) 
iN,2P) CROSS SECTION (MT= 1 1  7 ) 

(N,PAl CROSS SECTION (MT= 712) 
(N,T2A) CROSS SECTION (BIT= 1 1 3 )  

(BIT= 114) (N,DZA) CROSS SECTION 
ELASTIC SCATTERING ANGULAR DISTRIBUTZCJN (IT= 2 ) 

IN.2N) ANG. DIST. FOR 1ST EXCITED STATE, 1ST N (BIT= 6 ) 

(N,ZN) ANG. DIST. FOR 2ND EXCITED STATE, 1ST N (MT= 7 1 
(N.2N) ANG. DIST. FOR 3RD EXCITED STATE, 1ST N (BIT= E 1 
(N.2N) ANG. DIST. FOR 4TH EXCITED STATE, IST N (BIT= 9 ) 

TOTAL (N,2N) ANGULAR DISTRIBUTION (XT= 16 ) 

TOTAL (N,3N) ANGULAR DISTRIBUTION (MT= 17 
TOTAL FISSION ANGULAR DISTRIBUTION (MT= 1 8  1 
(N,N"A) ANGULAR DISTRIBUTION (MT= 22 ) 

(N.2NA) ANGULAR DISTRIBUTION (IT= 24 ) 

(N,N"P) ANGULAR DISTRIBUTION (BIT= 26 ) 

(N,2N) ANG- DIST. FOR 1ST EXCITED STATE, 2ND N (IT= 46 ) 

(N,2N) ANG. DIST. FOR 2ND EXCITED STATE, 2ND N (BIT= 47 1 
:N.ZN) ANG. DIST. FOR 3RD EXCITED STATE, 2ND N (BIT= 48 ) 

N 
3 

Figure 4 .  (continued). 



POSITION 81: (N.2N) W G .  DIST. FOR 4TH EXCITED STATE, 2ND N (IT= 49 ) 

POSITION 82: 
POSITION 83: 
POSITION 84: 
POSITION 85: 
POSITIOU 86: 
POSITION 87: 
POSITION 8 8 :  
POSITION 89: 
POSITION 90: 
POSITION 91: 
POSITION 92: 
POSITION 93: 
POSITION 94: 
POSITIOU 95: 
POSITION 96: 
POSITION 97: 
POSITION 98: 
POSITION 99: 
POSITION 100: 
POSITION 101: 
POSITION 102: 
POSITION 103: 
POSITION 104: 
POSITION 105: 
POSITION 106: 
POSITION 107: 
POSITION 108: 
POSITION 109: 
POSITION 110: 
POSITION 1 1 1 :  
POSITION 112: 
POSITION 1 1  3: 
POSITION 114: 
POSITION 115: 
POSITION 116r 
POSITION 117: 
POSITlON 118: 
POSITION 119: 
POSITION 120: 

(N,N") ANG. DIST. FOR THE 1ST EXCITED STATE 
(N,N"I ANG. DIST. FOR THE 2ND EXCITED STATE 
(N,H"I ANG. DIST. FOR THE 3RD EXCITED STATE 
(N,N") ANG. DIST. FOR THE 4TH EXCITED STATE 
(N,N"I ANG. DIST. FOR THE 5TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 6TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 7TH EXCITZD STATE 
1N.N") ANG. DIST. FOR THE 8TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 9TH EXCITED STATE 
tN,N") ANG. DIST. FOR THE 1OTH EXCITBD STATE 
(N,N") W G .  DIST. FOR THE 11TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 12TH EXCITBD STATE 
(N,W") ANG. DIST. FOR THE 13TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 19TH EXCITED STATE 
(N,N") A#G. DIST. FOR THE 15TH EXCITED STATE 
(U,U") ANG. DIST. FOR THE 16TH KXCITBD STATE 
lN,N") ANG. DIST. FOR THE 17TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 18TH EXCITLD STATE 
(N,N") ANG. DIST. FOR THE 19TH EXCITED STATE 
lN,N") ANG. DIST. FOR THE 20TH EXCITED STATE 
(N,N"> ANG. DIST. FOR THE 21ST EXCITKD STATE 
(N,N") ANG. DIST. FOR THE 22ND EXCITED STATE 
(N,N") ANG. DIST. COR THE 23RD EXCITED STATK 
fN,N") ANG. DIST. FOR THE 24TH EXCITED STATE 
(N,U") ANG. DIST. FOR THE 25TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 26TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 27TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 28TH EXCITED STATE 
(N,N*) ANG. DIST. FOR THE 29TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 30TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 31ST EXCITED STATE 
(N,N") ANG. DIST. FOR THE 32ND EXCITED STATE 
(N,N") AWC. DIST. FOR THZ 33RD EXCITED STATE 
(N,N") ANG. DIST. FOR THE 39TH EXCITED STATE 
(N,N") ANG. DIST. FOP TMX 35m1 EXCITED STATE 
(N,N*) ANG. DIST. FOR THE 36TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 37TH EXCITED STATE 
lN,N") ANG. DIST. FOR THE 381s EXCITED STATE 
(N.N"I ANG. DIST. FOR THE 39TH EXCITED STATE 

(PIT= 5 1  ) 

(IT= 52 1 
(IT= 53 1 
(IT= 59 ) 

lHT= 55 1 
(MT= 56 ) 

(IT= 57 ) 

(MT= 58 1 
(MT= 59 ) 

(PIT= 60 ) 

(MT- 61 ) 

(IT= 62 ) 

(IT= 63 ) 

lHT= 64 ) 

(HT= 65 ) 

fIT= 66 1 
(MT= 67 ) 

(PIT= 68 ) 

(IT= 69 ) 

(HT= 70 ) 

(IT= 71 ) 

(ZIT= 72 1 
(PIT= 73 ) 

(IT= 74 ) 

(@IT= 75 ) 

(IT= 76 ) 

(PIT= 77 ) 

(IT= 78 ) 

tHT= 79 ) 

(rn= 80 ) 

(PIT= 81 ) 

(IT= 82 ) 

(IT= 8 3  ) 

(IT= 84 ) 

(IT= 85 1 
(MT= 8 6  1 
<IT= 87 > 
(PIT= 88 I 
tMT= 89 f 

Figure 4 .  (continued) 



POSITION 121:  
POSITION 1 2 2 :  
PDSITIOW 123: 
POSITlON 12L;: 
POSITION 1 2 5 :  
POSITION 126: 
POSITION 127: 
PQSITIOW 128:  
POSITION 129:  
POSITION 130: 
POSITION 13:: 
POSITION i 32: 
POSITION $ 3 3 :  
POSITION 7 3 4 :  

(N,W") ANG. DILT. FOR THE 40TW EXCITED STATE (MT= 30 1 
IM.M") ANG. DIST. FOR THl3 CONTINUWE (MT= 9! ) 

TSTAL (M,ZM) BZCONDAR'I ENERGY DISTRPBUTION (PIT= 16 ) 

lMT= 1 7  1 ,JaAL ( N . 3 N I  SECOlDARY ENERGY DISTRIBUTIOH 
TOTAL FISSION SXCSNDARY EWEXSY DlS'PRIBUTION (BT= 18 I 

IN.N"A) SECONDARY ENERGY DISTRIBUTION iMT= 22 ) 

p- ". 

;N,ZIA) SECONDARY ENERGY DISTRIBUTION (MT= 24 I 

(N,I"P) SECONDARY ENERGY DISTRIBUTION (HT= 28 ) 

(N.2H) SEC E UIST FOR !ST EXCITED STATE, 2ND N (IT= 9 6  I 

(1.2N) SEC E DIST POR 2ND EXCITED STATE, 2ND N (MT= 47 I 

IH,2H) SEC E DIST FOR 3RD EXCITED STATE, 2ND N (IT= 48 1 
tN,2N) SEC E DIST FOR 4TB EXCITED STATE, 2ND N (MT= 49 ) 

(N,N"l SEC. ENERGY DIST. FOR THE CONTINUUX !XT= 91 1 
AVERAGE TOTAL NUMBER OF NEUTRONS PEB FISSION (XT= 452) 

PHOTOW PLlDDUCTION CROSS SECTION DICTIONARY (PITGAn) 

REACTION LENGTH REACTION LENGTH REACTION LENGTW REACTION 

102 460 

POINT XSEC WRITTEN OX UNIT 65 LENGTH= 2981 

LENGTB REACTION LBMG'1B 

Figure  4 (cont inued)  . 
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3.0 MICRO - A CODE FOR PROCESSING MICROSCOPIC 
CROSS SECTION DATA SETS 

3.1 .~ Code Description 

The program MICRO i s  designed t o  manipulate t he  c ros s  sec- t ion 

da t a  s e t s  c rea ted  i n  program RDNDF. A s  such, MICRO functi.ons a s  a 

microscopic c ross  sec t ion  u t i l i t y  program. In  p a r t i c u l a r ,  M I C R O  can  

combine t w o  da t a  s e t s ,  copy a l l  o r  p a r t  o f  a da t a  s e t ,  o r  copy i i  

data  s e t  and t h i n  the  da t a  s e t  p r i o r  t o  ou tput .  The p a r t i c u l a r  

func t ion  MICRO performs i s  dependent on the  input  parameter I T Y P .  

Because RDNDF is  p resen t ly  l imi t ed  t o  processing one mater ia l  at: a 

t ime, the  primary use f o r  program MICRO is  t o  combine RDNDF output 

da ta  s e t s  t o  form a microscopic cross sec t ion  l i b r a r y .  The maximum 

number of  elements on a da t a  s e t  cannot exceed 50 f o r  the  c,urrent 

ve r s ion  o f  t he  program. The l i m i t i n g  a r r ay  i s  the  B Control Block 

(BCD a r r a y ) .  

The subrout ine h ie rarchy  of  prograin MICRO i s  presented i n  F i g -  

ure  5 .  A l s o ,  a l i s t  o f  the  subrout ines  used i n  program MICRO along 

with t h e i r  func t ion  i s  given i n  Table 2 .  

3.2 Input Requirements 

The following input  cards  a r e  required i n  order  t o  execute a 

MICRO c a s e .  Default  values  a r e  i n  bracke ts  ( [ I ) .  

Card 1: Format (416) 

INN Input  card  u n i t  [ 5 ]  

I O U T  Pr in ted  output u n i t  [ 6 ]  

ITYP Job con t ro l  parameter. 



...... 

I .... 
THIN 

.... 
COMBIN COPY 

DIRECT ISOT? 

3 

1 

ISOTP 

Figure 5 .  Subroutine Hierarchy i n  Program M I C R O .  
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Table 2 .  Subroutine Functions i n  Program MICRO 

~- 

Subroutine Function 

COMBIN 

CONTRL 

COPOUT 

COPY 

CROP 

DIRECT 

ELEMNT 

F4THN 

ISOTP 

I S O T P l  

M A I N  

RDTHIN 

Reads i n  two da ta  s e t s  and combines them 
i n t o  a t h i r d  da ta  s e t .  

Reads i n  the  input  and i n i t i a t e s  the  u t i l i t y  
operat ion according t o  the  parameter I T Y P .  

Copies a da ta  s e t  from a sc ra t ch  log ica l  
u n i t  t o  an output l o g i c a l  u n i t .  

Copies an e n t i r e  da ta  s e t  from an input  l og ica l  
u n i t  t o  an output l o g i c a l  u n i t .  

Thins an a r r ay  using the  to le rance  TOL 

List o u t  the  d i r ec to ry  f o r  the  output 
neutron c ross  sec t ion  d ic t ionary  a r r ay  ( I D I C T ) .  

Se l ec t ive ly  copies spec i f i ed  elements 
from an input da ta  s e t  t o  an output da ta  s e t .  

Thins ENDF/B F i l e  4 angular d i s t r i b u t i o n  
da ta  by excluding some o f  the  inc ident  neutron 
energies  and t h e i r  assoc ia ted  tabula ted  
d i s t r i b u t i o n s .  

Reads i n  the I cont ro l  block (ICB) and 
the d ic t ionary  ( I D I C T )  f o r  each i so tope ,  and then 
wr i t e s  the  da ta  s e t  t o  an output l o g i c a l  u n i t .  

Reads i n  the I cont ro l  block ( I C E )  and 
the  d ic t ionary  ( I D I C T )  f o r  each i so tope ,  i n i t i a t e s  
thinning and then wr i t e s  the  data t o  an output 
l o g i c a l  u n i t .  

I n i t i a l i z e s  the  amount of core s torage  (LEN) used 
f o r  the  u t i l i t y  Operation implemented i n  rout ine  
CONTRL . 

Reads i n  the  input  da ta  a r r a y s ,  t h ins  the  
d a t a ,  updates the cont ro l  b locks ,  and wr i t e s  the  
da ta  t o  the output l o g i c a l  u n i t .  

... 
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Table 2 .  (continued) 

....... ........ .... ... _______ __ ___ ........ ____ _.___ _____._..._______ 

Subroutine Function 

RDWRRC Reads and wr i t e s  a r rays  o f  da ta  f rom the input  
logical. u n i t  t o  the  output logical.  u n i t .  

RDWRS C Reads and wr i t e s  a r rays  of da ta  from the 
input  l og ica l  u n i t  t o  a sc ra tch  log ica l  u n i t .  

THIN Copies an input da ta  s e t  t o  a s c ra t ch  l o g i c a l  u n i t ,  
t h ins  the d a t a ,  and wr i t e s  the da ta  s e t  t o  an output 
l o g i c a l  u n i t .  

...... ....... ....... .... ......... .- .......... ..__ .... __ ...... ___ _______ _____ 
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1 Combine two data sets. 
2 Copy a data set from one unit to another unit. 
3 Thin the data set and copy from one unit to another 
unit. 

NPRT 1/0 - Print/Do not print the BUF array [ O ]  

Note: Card 2 will depend on the value ITYP. 

Card 2 (ITYP=l): Format (316) 

ITAPEl The first input microscopic cross section data set unit. 
[ G O 1  

ITAPE2 The second input microscopic cross section data set unit; 
[611 

ITAPE3 The output combined microscopic cross section data set unit. 
[621  

Card 2 (ITYP=2): Format (416) 

ITAPEl The input microscopic cross section data set unit. [ 6 0 ]  

ISCR Scratch unit used in cross section processing (NELM > 0). [ 6 3 ]  

ITAPE3 The output microscopic cross section data set unit. [ 6 2 ]  

NELM O/N - Copy all/Copy N nuclides from unit ITAPE1. [ O ]  

Card($) 3 (NELM > 0): Format (1016) 

MATNO (I),I=l,NELM The nuclide identification numbers 
(in ENDF/B ZA format) to be copied to the output microscopic 
cross section data set on unit ITAPE3. 

Card 2 (ITYP=3): Format (516,E12.4) 

ITAPEl The input microscopic cross section data set unit. [GO] 

ITAPE2 Scratch unit used in cross section thinning process. [61] 

ITAPE3 The thinned output microscopic cross section data set unit. 
[621  

ISCR Scratch unit used in cross section processing. [ 6 3 ]  

I4THN 1/0 - Thin/Do not thin the ENDF/B File 4 angular distribution 
data. [ O ]  
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TOL Thinning to le rance  f o r  the output  inicroscopic c ross  sec t ions .  
[ 1.00-031 

3 . 3  Input D a t a - N o E  

NPRT Setti.ng NPRT=l w i l l  p r i n t  out  t:he f i r s t  t e n  values  o f  the 

da t a  s e t .  This is  pr imar i ly  used t o  make su re  the  code i s  pro-  

cess ing  the  da t a  c o r r e c t l y .  

MATNO The nucl ide i d e n t i f i c a t i o n  numbers a r e  read i n  the 

ENDF/B format = 1000*2 + A .  Some mater ia l s  a r e  processed using 

a MATNO = 1000*2. Therefore the  user  should look  on the RDNDF 

output t o  f i n d  the  co r rec t  MATNO. 

I4THN S e t t i n g  14THN=l w i l l  t h i n  the  ENDF/B f i l e  4 angular d i s -  

t r i b u t i o n  da ta  by de l e t ing  some of the inc ident  neutron ener -  

g i e s  and t h e i r  assoc ia ted  tabula ted  p robab i l i t y  d i s t r i b u t i o n  

func t ions .  This  i s  a crude form of  da ta  reduct ion and should 

be used with caut ion .  I f  more than one i n t e r p o l a t i o n  range i s  

given over the  range of  inc ident  neutron energ ies ,  chinning 

w i l l  not  be performed 

3 . 4  =File ____ Requirements ...... 

........ ~ ..... __.I. __ ..... .......... ....... 

Required ....... ........ F i l e  Unit  Descr ipt ion 

I N N  5 Card Input Always 

I OUT 6 Pr in ted  Output Always 

ITAPEl  60 Input Cross Sect ion Library Always 

ITAPE2 6 1  Input Cross Sect ion Library ITYPz2 

ITAPE3 6 2  Output C r o s s  Sect ion Library Always 

ISCR 63 Scratch Unit  f o r  Thinning ITYP+l  
......... ___ ___ __.I___ _._I._ 



. 

29 

3.5 JCL Requirements 

The job control language (JCL) needed to run a MICRO case at 
X-10 is: 

( Job  card, route and jobparm cards) 
//MICRO EXEC PGM-MICRO,REGION-l024K 
//STEPLIB DD DSN=X.JOJ24337.PROG,DISP=SHR 
//FT05F001 DD DDNAME-SYSIN 
//FT06F001 DD SYSOUT=A 
(DD cards for input units) 
(DD cards for scratch units) 
(DD cards for output unit) 
//SYSIN DD -X- 

A s  prescribed by ITYP 

/>? 

// 

3.6 Sample Problem 

A complete listing of the JCL and input cards f o r  the sample 

problem is given in Figure 6 and some selected output is shown in 

Figure 7. The problem demonstrates the combination option of the 

MICRO program by combining the RDNDF hydrogen and carbon data s e t s  

on logical units 60 and 6 1  respectively to form a third output data 

set on logical unit 62.  
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//JOJMICRO JOB (24337,IOI),’JO JOHNSON 6025’,TIME=(0,30) 
/;kROUTE PRINT RMT84 
/+<ROUTE PUNCH RMT84 
/>kJOBPAR!4 LINECT-62 
//A EXEC PGM=MICRO,REGION=1024K 
//STEPLIB DD DSN=X.JOL724337.PROG,DISP=SHR 
//FT05F001 DD DDNAME-SYSIN 
//FT06F001 DD SYSOUT=A 
//FT60F001 DD DSN=MEN.XlO.JOJ.RDNDF.H,DISP=SIIR 
//FT61F001 DD DSN=MEN.XlO.JOJ.RDNDF.C,DISP=SHR 
//FT62F001 DD UNIT-SYSDA,DISP-(NEW,DELETE), 
// DSN=&&OUT62,SPACE-(TEX,(30,10)), 
// DCB=(RECFM-VBS,LRECL=X,BLKSIZE-S447,BUFL=8184) 
//SYSIN DD ;k 

5 6 1 0 
60 61 62 

/* 
// 

Figure 6. Complete Listing of JCL and Input for MICRO Sample 
Problem. 



POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSIT ION 
POSITION 
POSITION 
POSITION 
POSIT I ON 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSLTIOEI 
POSITION 
BOSITION 
POSITION 
POSITION 
POSITIOW 

DIR 
1: 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 
10: 
1 1 :  
12: 
13: 
14: 
15: 
16: 
17: 

19: 
20: 
21 : 
22: 
23: 
24: 
25: 
26: 
27: 

29: 
30: 
31 : 
32: 
33: 
34: 
35 : 
36: 
37 : 
38: 
39: 
40: 

18: 

28: 

.ECTORY OF THE OUTPUT TAPE DICTIONARY (IDICT) 
TOTAL CROSS SECTION (MT= 1 1 
ELASTIC SCATTERING CROSS SECTION (MT= 2 ) 

TOTAL INELASTIC SCATTERING CROSS SECTION (MT= 4 1 
(N,2N> CROSS SECTIOU FOR 1ST EXCITED STATE (MT= 6 1 
(N,2Nl CROSS SECTION FOR 2ND EXCITED STATE (MT= 7 ) 

(N.2N) CROSS SECTION FOR 3RD EXCITED STATE tMT= 8 ) 

(N,2N) CROSS SECTION FOR 4TH EXCITED STATE (IT= 9 1 
TOTAL (N,2N) CROSS SECTION tMT= 16 ) 

TOTAL (N.3N) CROSS SECTION (MT= 17 1 
TOTAL FISSION CROSS SECTION (MY= 18 1 
(N,N"A) CROSS SECTION (IT= 22 I 

[N,28A) CROSS SECTION (MT= 24 1 
(N,N"PI CROSS SECTION tMT= 28 ) 

(N,N") CROSS SECTION TO THE 1ST EXCITED STATE (MT= 51 ) 

(N,N") CROSS SECTION TO THE 2ND EXCITED STATE (MT= 52 ) 

(N,N") CIlOSS SECTION TO THE 3RD EXCITED STATE (MT= 53 1 
(N,N") CROSS SECTION TO THE 4TH EXCITED STATE (MT= 54 1 
(N,N") CROSS SECTION TO THE 5TH EXCITED STATE (MT= 55 ) 

(N,N") CROSS SECTION TO THE 6TH EXCITED STATE (MT= 56 ) 

(N,N") CROSS SECTION TO THE 7TH EXCITED STATE (MT= 57 ) 

(N,N") CROSS SECTION TO THE 9TH EXCITED STATE (HT= 59 ) 

fN,N") CROSS BICTIGN TG THE I J T i  EXCITED STATE tHl= 6 0  ) 

(N,W") CROSS SECTION TO THE llTH EXCITED STATE (MT= 61 ) 

(N,N") CROSS SECTION TO THE 12TH EXCITED STATE (MT= 62 ) 

(N,N") CROSS SECTION TO THE 13TH EXCITED STATE (MT= 63 ) 

(N,N") CROSS SECTION TO THE 14TH EXCITED STATE (HT= 64 1 
(N,N") CROSS SECTION TO THE 15TH EXCITED STATE (MT= 65 1 
(N.N") CROSS SECTION TO THE 16TH EXCITED STATE (IT= 66 1 
(N,N") CROSS SECTION TO THE 17TH EXCITED STATE (IT= 67 f 

(N,N") CROSS SECTION TO THE l8TH EXCITED STATE (MT= 68 1 
(N,N") CROSS SECTION TO THE 19TH EXCITED STATE (MT= 69 ) 

(N,N") CROSS SECTION TO THE 20TH EXCITED STATE (MT= 70 ) 

IN,N") CROSS SECTION TO THE 21ST EXCITED STATE (MT= 71 ) 

(N.8") CROSS SECTION TO THE 22ND EXCITED STATE (MT= 72 1 
(N,N") CROSS SECTION TO TEE 23RD EXCITED STATE (W= 73 1 
(N,N") CROSS SECTION TO THE 29TH EXCITED STATE (MT= 79 ) 

(N,I"l CROSS SECTION TO THE 25TH EXCITED STATE (MT= 75 1 
(N,N") CROSS SECTION TO THE 26TH EXCITED STATE (MT= 76 ) 

(N.N") CROSS SECTION TO THE 27TH EXCITED STATE (MT= 77 ) 

~N,N*) CROSS SECTION TO THE BTH EXCITBD STATE (HT= 58 ) 

w 
t- 

Figure 7 .  Listing of Selected Output from MICRO Sample 
Problem - 



POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSIT ION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 
POSITION 

41 : 
42: 
43: 
49: 
45: 
46: 
47: 
48: 
49: 
50: 
S T :  
52: 
53: 
54: 
55: 
56: 
57: 
58: 
59: 
60: 
6 1  : 
62: 
63: 
64: 
65: 
66: 
67: 
68; 
69: 
70: 
71: 
72: 
73: 
74: 
75: 
1 6 :  

77:  
78: 
79: 
8 0 :  

(N,N") CROSS SECTICIN TO THE 28TH EXCITED STATE 
(N,N"I CROSS SECTION TO THE 29TH EXCITED STATE 
(N.N") CROSS SECTION TO THE 30TH EXCITED STATE 
(N,N") CROSS SECTION TO THE 31ST EXCITED STATE 
(N,N") CROSS SECTION TO THE 32ND EXCITED STATE 
(N,N") CROSS SECTION TO THE 33RD EXCITED STATE 
lN,N") CROSS SECTION TO THE 34TH EXCITED STATE 
(N,N") CROSS SECTION TO THE 35TH EXCITED STATE 
(N,N") CROSS SECTION TO THE 36TH EXCITED STATE 
(N,N") CROSS SLCTION TO THE 37TH EXCITED STATE 
(N,N") CROSS SECTION TO THE 38TB EXCITED STATE 
(N.N") CROSS SECTION TO THE 39TH EXCITED STATE 
(N,N") CROSS SECTION TO THE 40TH EXCITED STATE 
(N,N"l CROSS SECTION TO THE CONTINUUM 
(N,G) CROSS SECTION 
(N,P) CROSS SECTION 
(N.D) CROSS SECTION 
(N,T) CROSS SECTION 
(N.3HE) CROSS SECTION 
( N , A )  CROSS SECTION 
(N.7.A) CROSS SECTION 
(N.3A) CROSS SECTION 
(N.2P) CROSS SECTION 
(N,PA) CROSS SECTION 
(N,TZA) CROSS SECTION 
(N,D2A) CROSS SECTION 
ELASTIC SCATTERING ANGULAR DISTRIBUTION 
(N,2N) ANG. QIST. FOR 1ST EXCITED STATE, 
(N.2N) ANG. DIST. ?OR 2ND EXCITED STATE, 
(N.2N) ANG. QIST. FOR 3RD EXCITED STATE, 
(N,ZN) ANG. DXST. FOR 4TH EXCITED STATE, 
TOTAL (N.2N) ANGULAR DISTRIBUTION 
TOTAL (N.3N) ANGULAR DISTRIBUTION 
TOTAL n s s x o w  ANGULAR DISTRIBUTXOW 
(N,N"A) ANGULAR DISTRIBUTION 
(N.2NA) ANGULAR DISTRIBUTION 
(N.N"P) ANGULAR DISTRIBUTION 
(N,ZNJ ANG.  DIST. FOR 1ST EXCITED STATE, 
(N.2N) ANG. DIST. FOR 2ND EXCITED STATE, 
(N.ZN) ANG. DIST. FOR 3RD EXCITED STATE, 

02) 
03) 
04) 
05) 
06 1 
07) 
08 1 
09) 

(MT= 1 1 1 )  
(MT= 1 1 2 )  
(MT= 113) 
(IT= 114) 
(IT= 2 1 

1ST N (MT= 6 1 
1ST N (MT= 7 1 
1ST d (MT= 8 
1ST N (MT= 9 ) 

tMT= 16 1 
(MT= 17 ) 

(ET= 18 I 

(MT= 22 ) 

(MT= 24 ) 

(nT= 28 ) 

ZND N (MT= 46 ) 

2ND N (UT= 47 I 

2ND N (ET= 48 ) 

Figure 7 .  (continued). 



POSITION 82: 
POSITION 83: 
POSITION 84: 
POSITION 85: 
POSITION 86: 

POSITION 88: 
POSITION 89: 
POSIT101 90: 
POSITION 91: 
POSITION 92: 
POSITION 93: 
POSITION 98: 
POSITION 95: 
POSITION 96: 
POSITION 97: 
POSITION 98: 
POSITION 99: 
POSITION 100: 
POSITION 101: 
POSITION 102: 
POSITION 103: 
Pc)SIZIIBra 'Ob: 
POSITION 105: 
POSITION 106: 
POSITION 107: 
POSITION 108: 
POSITION 109: 
POSITION 110: 
POSITION 111 :  
POSITION 112: 
POSITION 1 1 3 : 
POSITION 1 1  4 : 
POSITION 115: 
POSITION 116: 
POSITION 117: 
POSITION 118: 
POSITION 119: 
POSITION 120: 

POSITION a ? :  

POSITION 81: (N,3N) ANG. DIST. FOR 4TH EXCITED STATE, 2ND N (HT= 49 1 
(N,N") ANG. DIST. FOR THE 1ST EXCITED STATE 
(N,N") ANG. DIST. FOR THE 2ND EXCITED STATE 
(1,N") ANG. DIST. FOR THE 3RD EXCITED STATE 
(N,N") ANG. DIST. FOR THE 4TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 5TH EXCITED STATE 
(N,N") ANG. DXST. FOR THE 6TH EXCITED STATE 
(N,N") ANG. DIST. ?OR THE 7TH EXCITED STATE 
1N.N") ANG. DIST. FOR THE 8TH EXCITED STATE 
(N,N") ANG. DIST. ?OR THE 9TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 1OTH EXCITED STATE 
tN,N') ANG. DIST. ?OR THE llTA EXCITED STATE 
(N,W") ANG. DIST. FOR THE l2TH EXCITED STATE 
(N,N") ANG. DIST. ?OR THE 13TH EXCITED STATE 
(N,N"I ANG. DIST. FOR THE 14TH EXCITED STATE 
(N,U") ANG. DIST. FOR THE 15TH EXCITED STATE 
( 1 . A " )  ANG. DIST. FOR T H E  16TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 27TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE l8TH EXCITED STATE 
(N.N") ANG. DIST. FOR THB 19TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 20TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 2lST EXCITED STATE 
(M,N") ANG. DIST. FOR THE 22ND EXCfTED STATE 
!N,w) .WG. Drop. FOR THE 2 3 ~ ~  EXCITED STATE 
(N,N") ANG. DIST. FOR THE 24TH EXCITED STATE 
(N,N') ANG. DIST. FOR THE 25TH EXCITED STATE 
(N,W") ANG. DIST. FOR THE 26TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 27TH EXCITED STATE 
(N,N") ANG. DIST. POR THE ZBTH EXCITED STATE 
(N.N") ANG. DIST. FOR THE 29TH EXCITED STATE 
(N.N") ANG. DIST. FOR THE 30TH EXCITED STATE 
(N,N") M G .  DIST. FOR THE 31ST EXCITED STATE 
(N,N") AFIG. DIST. ?OR THE 32ND EXCITED STATE 
(N,N") M G .  DIST. FOR THE 33RD EXCITED STATE 
(N,N") ANG. DIST. POR THE 39TH EXCITED STATE 
(N,N") M9G. DIST. ?OR THE 35TX EXCITKD STATE 
(N,N") A N G .  DIST. FOR THE 36TH EXCITED STATE 
(N,N") ANG. DIST. FOR THE 37TH EXCLTSD STATE 
(N,N") A N G .  DIST. FOR THE 38TH EXCITED STATE 
tN,N"I ANG. DIST. FOR THE 39TH SXCITED STATE 

(MT= 51 ) 

(HT= 52 I 

(IT= 53 1 
<HT= 54 ) 

(IT= 55 I 

IHT= 56 ) 

(HT= 57 ) 

(MT= 5 8  ) 

(IT= 59 I 
(HT= 60 ) 

(IT= 61 ) 

(MT= 62 1 
(HT= 63 1 
(MT= 64 ) 

(RT= 6 5  ) 

(MT= 66 ) 

tHT= 67 ) 

(IT= 68 I 
1HT= 69 ) 

tMT= 70 1 
(MT= 71 ) 

(BIT= 72 1 
(PIT= 73 ) 

(KT= 74 1 
(IT= 75 
(HT= 76 > 
(MT= 77 1 
(IT= 78 ) 

(MT= 79 1 
(IT= 8 0  1 
(MT= 81 ) 

(HT= 82 ) 

(MT= 83 1 
(IT= 84 1 
ttW= 85 > 
t M T =  86 ) 

(HT= 87 ) 

1HT= 88 ) 

(MT= 8 9  I 

w 
w 

Figure 7 .  (continued). 



POSITION 121 : 
POSITION 122: 
POSITION 123: 
POSXTIOW ?24: 
POSITION 125: 
POSITION 126: 
POSITION 1 27 : 
POSITION 128: 
POSITION 129: 
POSITION 130: 
POSITION 131: 
POSITION 132: 
POSITION 133 2 

POSITION 134: 

(N,N"> ANG. DIST. FOR THE 40TH EXCITED STATE (PIT= 90 ) 

(IT= 91 ) 1N.N') ANG.  DIST. POR THE CONTINUUX 
TOTAL (N,ZN) SECONDARY ENERGY DISTRIBUTION (HT= 16 1 
TOTAL (N,3N) SECONDARY ENERGY DISTRIBUTION lMT= 1 7  ) 

TOTAL PXSSIOW SECONDARY ENERGY DISTRIBUTION (&IT= 1 8  I 

(N,N"A) SECONDARY ENERGY DISTRIBUTIOI (PIT= 22 1 
(N,ZNA) SECONDUY ENERGY DISTRIBUTION (&IT= 24 1 
(N,N"P) SECONDARY ENERGY DISTRIBUTION (MT= 28 I 
(N.2N) SEC €3 DIST FOR 1ST EXCITSD STATE. 2ND N (MT= 46 ) 

(N.2N) SEC E DIST IOR 2ND EXCITED STATE, 2ND N (XT= 47 ) 

(N,2N) SEC E DIST FOR 3RD EXCITED STATE, 2ND N (PIT= 48 > 
(N.2N) SEC 1 DIST FOR 4TH EXCITED STATE, 2ND N (PIT= 49 ) 

(N,N") SEC. ENERGY DIST. FOR THE CONTINUUM (MT= 91 ) 

AVERAGE TOTAL NUHBER OF NEUTRONS PER FISSION IMT= 452) 

A CONTROL BLOCK (ACB1) 

NI LENGTH 
1 2987 

A CONTROL BLOCK (ACBZ) 

NI LENGTH 
1 19976 

A CONTROL BLOCX (ACE) 

NI LENGTH 
2 22963 

B CONTROL BLOCK (BCB1) 

IEA ICB RECNO 
1001 3 

B CONTROL BLOCR (BCB2) 

IZA IC8 RECNO 
6000 3 

B CONTROL BLOCK (BCB) 

IEA ICB RECNO 
1001 3 
6000 1 6  

Figure 7 

IRECNO 
13 

IRECNO 
41 

IRECNO 
13 
4 1  

(continued) 



X CONTROL BLOCK (ICBI 

ISUH AUR TEHP TOL 
2987 9.9917E-01 3.0000E+02 1 . 0 0 0 0 E - 0 3  

LENGM NT NTS 
388 1 0 

*Q 
66 

OUTPUT TAPE DICTIONARY (IDICT) FOR ELEXBNT 

POSITION LENGTH POSITION LENGTH 

1 
6 

1 1  
16 
21 
26 
31 
36 
41 
46 
51 
56 
61 
66 
71 
76 
81 
86 
91 
96 
101 
106 
1 1 1  
116 
121 
126 
131 

31 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 
7 

12 
17 
22 
27 
32 
37 
42 
47 
52 
57 
62 
67 
72 
7 7  
82 
81 
92 
9 7  
102 
107 
112 
117 
122 
127 
132 

260 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

350 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ANGTOL 
I.0000B-02 

'FHRELEN 
0 

1001 

POSITION 

3 
8 
13 
18  
23 
28 
33 
38 
43 
48 
53 
58 
63 
6 8  

1 3  

78 
83 
88 
93 
98 
103 
108 
113 
118 
123 
128 
133 

PHOTON PRODUCTION CROSS SECTION DICTIONARY (ITGAE) 

RKACTIOW LENGTH REACTION LENGTH RtACTION 

102 460 

Figure 7 .  (continued). 

UNR FLG 
0 

LENNAB 
4 5 0  

LENQTH 

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 

LENGTH 

POSITION 

4 
9 

14 
19 
24 
29 
34 
39 
44 
49 
5 4  
59 
64 
69 
1 4  
79 
84 
89 
94 
99 
I04 
109 
114 
119 
I a4 
129 
134 

REACTION 

LENGTH 

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 

LENGTH 

POSITION 

5 
10 
15 
20 

30 
35 
40 
45 
50 
5; 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
1 1 5  
120 
125 
130 

a5 

REACT IO11 

LENGTH 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

4 5 0  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

LENGTH 

w 
Ln 
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4 . 0  MACRO - A CODE FOR PRE-MIXING MACROSCOPIC TOTAL 
CROSS SECTION DATA SETS FOR PROBLEM MIXTURES 

4 . 1  Code Description 

The program MACRO i s  designed t o  read e i t h e r  a RDNDF o r  MICRO 

output  d a t a  s e t  and c r e a t e  the  macroscopic t o t a l  cross sec t ions  f o r  

the  problem mixtures i n  program NEUTRON. Program NEUTRON a l s o  

possesses  the  c a p a b i l i t y  oE mixing and th inning  the  macroscopic 

t o t a l  c ros s  sec t ions  p r i o r  t o  the  random walk. However, t h i s  could 

be expensive f o r  a problem with many i so topes  and l a r g e  c ros s  

s e c t i o n  s e t s .  Furthermore, mixing cross sec t ions  i n  program MEUTRON 

could be i n e f f i c i e n t  i f  a p a r t i c u l a r  problem is  run many times.  

Therefore MACRO gives  the  user  the opt ion  o f  pre-mixing the  

macroscopic t o t a l  cross sec t ions  only once f o r  a p a r t i c u l a r  problem. 

The subrout ine h ie rarchy  o f  program MACRO is  shown i n  Figure 8 .  

A l s o ,  a l i s t  of  the  subrout ines  used i n  program MACRO along with 

t h e i r  func t ion  i s  given i n  Table 3 .  

4 . 2  Input Requirements 

T h e  following input  cards  and t i t l e  cards  a r e  requi red  i n  order  

t o  execute a MACRO case .  Defaul t  values  are given i n  bracke ts  ( [ I ) .  

Card 1: Format ( 2 0 A 4 )  

TITLE Problem t i t l e  card  

Card 2 :  Format (516) 

I N N  Input  card  u n i t .  [ 5 ]  

IOUT Pr in t ed  output  u n i t .  [ 6 ]  

ITAPE Microscopic cross s e c t i o n  input  u n i t .  [ 6 0 ]  



3 8  

ORNL-  DWG 86- 15413 

Figure 8. Subroutine Hierarchy in Program MACRO. 



Table 3. Subroutine Functions in Program MACRO 

........___I -. 

Subroutine Function 

... 

CONTRL 

CROP 

EMESH 

ISOTP 

MAIN 

SI-IFLE 

TERPO 

WORK 

Reads in the input, initiates the mixing operation 
and writes the output. 

Thins an array using the tolerance TOL. 

An interpolation routine for calculating the 
composite energy mesh for the mixture. 

Reads in the I control block (ICB), the 
dictionary (IDICT), and the total cross section for 
each element in the mixture. 

Initializes the amount of core storage (LEN) 
used for the mixing operations. 

Copies an array to another array for future 
processing. 

An interpolation routine which assumes the 
data is linearly interpolable. 

The driver routine which performs all the 
functions necessary to produce the macroscopic 
mixtures. 

. .  
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OTAPE Macroscopic t o t a l  c ros s  sec t ion  output  u n i t .  [61] 

ICSCR Scratch u n i t  used i n  c ross  sec t ion  processing.  [ 6 2 ]  

Card 3 :  Format (216,E12.4) 

NMIX Number of  mixtures t o  be processed 

NPRT 1/0 - Print/Do not  p r i n t  t he  microscopic t o t a l  cross 
sec t ions .  [ 0 ]  

TOL Thinning to le rance  f o r  t he  output  macroscopic mixture 
c ros s  sec t ions .  [1.00-031 

Note: Card 4 repeated NMIX t i m e s ,  i s  followed each time by Card 5 
repeated NELM t i m e s .  

Card 4 :  Format (216) 

M I X N O  Mixture number 

N E W  Number of  nuc l ides  i n  mixture MIXNO.  

Card 5 :  Format (I6,E12.4) 

MATNO Nuclide i d e n t i f i c a t i o n  number ( i n  ENDF/B 1 O O O * Z  + A format) 
f o r  the  nth nucl ide i n  the  mixture.  

XAD The atom dens i ty  (atomsfi-cm) o f  the  nth nucl ide 
i n  the  mixture.  

N o t e :  Card 5 i s  repeated NELM times.  

4 . 3  ... Input Data Notes - 

NMIX The number of mixtures should correspond t o  the  number o f  

mixtures i n  the  input  da t a  f o r  program NEUTKON. 

MIXNO The mixture numbers should correspond t o  the  mixture 

numbers i n  the input  da ta  f o r  program NEUTKON. 

MATNO The nucl ide ident i . f ica t ion  numbers a r e  read i.n the 

ENDF/B format: = 1000*2 f A .  

Note: In genera l ,  the  mixing process i n  program MACRO should 

r e f l e c t  t he  mixing t a b l e  i n  program NEUTRON. 
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4 . 4  1/0 File Requirements 

Required -___- F i l e  Unit  Descr ipt ion 

I N N  5 Card Input Always 

I OUT 6 P r in t ed  Output Always 

ITAPE 60 Input  MLcroscopic C r o s s  Always 
Sect ion Library 

OTAPE 6 1  Output Macroscopic Cross Always 
Sect ion Mixture Library 

ISCR 62 Scratch Unit  Always 

4.5 JCL Requirements 

The job  c o n t r o l  language (JCL) needed t o  run a MACRO case a t  
X-10 i s :  

(Job c a r d ,  rou te  and jobparm cards)  
//MACRO EXEC PGM=MACRO,REGION=1024K 
//STEPLIB DD DSN=X.JOJ24337.PROG DISP=SHR 
//FT05F001 DD DDMME-SYSIN 
//FT06F001 DD SYSOUT=A 
(DD cards  f o r  input  u n i t )  
(DD cards  f o r  s c r a t c h  u n i t )  
(DD cards  f o r  output  u n i t )  
/ /SYSIN DD -X- 

( Input  Data) 
/$< 

// 

4.6 Sample Problem 

A complete l i s t i n g  o f  the J C L  and input  cards  f o r  the  sample 

problem i s  given i n  Figure 9 and some se l ec t ed  output: i s  shown i n  

Figure 10 .  The problem demonstrates the  mixing of  hydrogen and car-  

bon t o  c r e a t e  the macroscopic t o t a l  c ross  sec t ion  f o r  an NE102A 

p l a s t i c  s c i n t i l l a t o r .  
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//JOJMACKO JOB (24337,IOl),'JO JOHNSON 6025',TIME=(0,30) 
/WOUTE PRINT RMT84 
/$;ROUTE PUNCH RMT84 
/aJOBPARM LINECT-62 
//A EXEC PGM=MACRO,REGION=1024K 
//STEPLIB DD DSN-X.JOJ24337.PROG,DISP=SHR 
//FT05F001 DD DDNME=SYSIN 
//FT06F001 DD SYSOUT=A 
//FT60F001 DD DSN-MEN.X1O.JOJ . ICOM.MICROS,DISP=SHK 
//FT61F001 DD UNIT-SYSDA,DISP=(NEW,DELETE), 
// DSN=&&OTAPE,SPACE-(TRK,(30,10)), 
// DCB=(RECFM=VBS,LKECL=X,BLKSIZE=6447,BUFL=8184) 
//FT62F001 DD UNIT=SYSDA,DISP=(NEW,DELETE), 
// DSN=&&ISCR,SPACE=(TRK,(30,10)), 
// D C B = ( R E C F M = V R S , L R E C L = X , B L K S I Z E = ~ ~ ~ ~ , B U F I P = ~ ~ ~ ~ )  
//SYSIN DD 
=MACRO 
NE102A POLYVINYLTOLUENE PLASTIC SCINTILIATOR MACROS 

5 6 60 61 62 
1 0 1.0000E-03 
1 2 

1001 5.6873E-02 
6000 4.7394E-02 

/ >k 

// 

Figure 9 .  Complete L i s t ing  of JCL and Input f o r  MACRO Sample 
Probl-em . 



UIXTURE NUMBER 1 UACROSCOPIC TOTAL CROSS SECTION ARRAY OF LENGTH 415 

ENERGY XSECT ENERGY XSBCT ENERGY XSECT ENERGY XSECT KNKRGY XSSCT 

1.00000E-05 
1.904513-05 
3.455781-05 
6.69584E-05 
1.157221-09 
2.000001-04 
4.23482E-04 
8.40897E-04 
1.793371-03 
3.586741-03 
7.071 071-03 
1.867481-02 
2.927781-02 
6.076101-02 
1.45925E-01 
1.549481+00 
9.00000E+04 
1.300001+05 
2.80000E+05 
5.000001+05 
8.00000E+05 
1.300001+06 
1.775001+06 
2.05600E+06 
2.065001+06 
2.07000E+06 
2.075001+06 
2.080001+06 
2.085001+06 
2.09000E+06 
2.102001+06 
2.16000E+06 
2.560001+06 
2.790001+06 
2.81200E+06 
2.817001+06 
2.62600E+06 
2.900001+06 
2.94400E+06 

7.16901E+Ol 
5.19626E+01 
3.85874E+01 
2.773683+01 
2.11204E+01 
1.60930E+01 
1.1108ZE+Ol 
7.94668EtOO 
5.538723+00 
9.04101E+00 
3.03883E+00 

1.91269E+OO 
1.658211+00 
1.509151+00 
1.40976E+00 
l.l4715E+OO 
8.6506OE-01 
6.55331E-01 
5.10670E-01 
4.087521-01 
3.16405s-01 
2.63766E-01 
2.45195E-01 
2.570923-01 
2.88163E-01 
4.066740-01 
3.88161B-01 
2.96696E-01 
2.680121-01 
2.49537E-01 
2.37415B-01 
2.20229E-01 
2.276813-01 
2.373921-01 
2.448371-01 
2.33465E-01 
2.57329E-01 
2.852231-01 

2.32992E+OO 

1.15722E-05 
2.00000E-05 
3.86411E-05 
7.071071-05 
1.33917E-04 
2 . 3 1  4451-04 
5.OOOOOE-04 
1.00000E-03 
2.000001-03 
3.976351-03 
8.182811-03 
1.590601-02 
3.388091-02 
7.03142E-02 
2.006043-01 
4.478891+00 
5.50000E+04 
1.600001+05 
3.20000E+05 
5.50000E+05 
9.000001+05 
1.37500E+06 
1.90000E+06 
2.058OOE+06 
2.06600E+06 
2.071001+06 
2.076001+06 
2.08100E+06 
2.08600E+06 
2.09100Et06 
2.10600E+06 
2.200001+06 
2.620001+06 
2.80400E+06 
2.813001+06 
2.818001+06 
2.840001+06 
2.91500E+06 
2.948001+06 

6.66445E+01 
5.07069Et01 
3.64937E+01 
2.699531+01 
1.96404E+01 
1.496921+01 
1.02380E+01 
7.308811+00 
5.26482E+00 
3.862851+00 
2.870301+00 
2.270273+00 
1.848771+00 
1.62376E+OO 
1.479601+00 
1.39891E+00 
1.08220E+OO 
8.077441-01 
6.2045615-01 
4.891 eezs-01 
3.851771-01 
3.06724E-01 
2.53014E-01 
2.4636lE-01 
2.60502E-01 
3.01 6611-01 
4.351095-01 
3.61 36713-01 
2.882271-01 
2.649791-01 
2.47205E-01 
2.34261E-01 
2.200111-01 
2.2971 4E-01 
2.47372E-01 
2.38045E-01 
2.357521-01 
2.6706 1 E-0 1 
2.847071-01 

1.269053-05 

4.971648-05 

1.41421E-04 
2.67833s-04 
5.7861 21-04 
1.15722E-03 
2.31 445s-03 
4.60153s-03 
9.469351-03 
1.85502E-02 
3.920781-02 
8.136921-02 
2.68643E-01 
1.00000~i02 
7.00000E+04 
1.90000E+05 
3.60000E+05 
6.00000E+05 
1.000001+06 
1.50000E+06 
2.000003+06 
2.060001+06 
2.06?001+06 
2.07200E+06 
2.07700Yi+06 
2.0820OE+06 
2.087003+06 
2.093001+06 
2.11 200E+06 
2.28000E+06 
2.660001+06 
2.80800S+06 
2.81400E+06 
2.819001+06 
2.855001+06 
2.932001+06 
2.952001+06 

2.3ie4~1t-o~ 

8.ie281~-05 

6.36485Et01 
4.71396E+01 
3.392831+01 
2.51 001 1+01 
1.91145E+01 
1.39253E+Ol 
9.53172E+00 
6.8144OE+OO 
4.921 67E+00 
3.627461+00 
2.71604E+00 
2.16514E+00 
1.79160E+00 
1.59419E+00 
1.95986E+OO 
1.388536+00 
1.02648E+00 
7.599751-01 
5.9oia9~-01 
4.698091-01 
3.64491E-01 
2.915263-01 
2.449531-01 
2.480601-01 
2.64879E-01 
3.19790E-01 
4.979891-01 
3.39019E-01 
2.81493Z-01 
2.602351-01 
2.49809E-01 
2.29646E-01 
2.20957B-01 
2.30964E-01 
2.877121-01 
'2.355418-01 
2,393163-01 
2.797281-01 
2.82201*-01 

1.968581-05 
2.514871-05 
5.000001-05 
9.469343-05 
1.636561-04 
3.16228E-04 
6.695841-09 
1.339171-03 
2.678333-03 
5.325OOE-03 
1.095823-02 
2.13008E-02 
4.53723E-02 
9.91624B-02 
4.163211-01 
1 .157221+04 
9.ooooos+o4 
2 . 2 0 0 0 0 3 + 0 5  
4.000003+05 
6.50000E+05 
1 . lOOOOL1+06 
1.57500B+06 
2.02500E+06 
2.062001+06 
2.068001+06 
2.07300E+06 
2.07800E+06 
2.083001+06 
2.08800Et06 
2.095001~06 
t.l200OE+06 
2.400001t06 
2.7200015+06 
2.810003+06 
2.815001+06 
2.820001+06 
2.870001+06 
2.93600E+06 
2.956008+06 

5.916921+01 
4.522491+01 
3.20868E+01 
2.333681+01 
1.777663+01 
1.282761+01 
8.876201+00 
6.356181+00 
4.604463+00 
3.410?9E+OO 
2.575281+00 
2.079361+00 
1.7*1581+00 
1.568381+00 
1.43911E+OO 
1.30647E+00 
9.632461-01 
7.39351X-Cl 
5.633971-01 
4.521946-03 
3.467011-01 
2.833871-01 
2.433111-01 
2.505791-01 
2.70592E-01 
3.437081-01 
4.400291-01 
3.2 1 30 1 E-0 1 
2.760661-01 
2.567243-03 
2.426811-01 
2.242391-01 
2.22418E-01 
2.329391-01 
3.67179E-01 
2.349121-01 
2.43876E-01 
2.823001-01 
2.77252L-01 

1.64575E-05 
2.986271-05 
5.78612E-05 
1.000001-04 
1.893871-04 
3.65946E-04 
7.74859E-04 
1.549721-03 
3.099431-03 
6.162221-03 
1.268101-02 
2.530001-02 
5.150593-02 
1.089671-01 
7.466161-01 
2.500001+04 
1.100001+05 
2.90DOC14OS 
4.600001+05 
7.000001+05 
1.2OOOOE+O6 
1.700001+06 
2.05000E+06 
2.064001+06 
2.06900Ei06 
2.074001+06 
2.079001+06 
2.084001+06 
2.089001+06 
2.098OOL+06 
2.140001tO6 
2,48OOOE+O6 
2.760001+06 
2.811001+06 
2.816001+06 
2.82200Ei06 
2.88500E+06 
2.94000B+06 
2.960001+06 

5.58956S+01 

2.983231+01 
2.271303+01 
1.653331+01 
1.193611+01 
8.26796L+00 
5.931791+00 
4.311451+00 
3.21159X+UO 
2.44691#+00 
1.983981+00 
1.69730X+OO 
1.545871+00 
1.4218lE+OO 
1.22392E+OO 
9.101721-01 
6 9601 2X-01 
5.3031 88-0 1 
9.365581-01 
3.306491-01 
2.70644E-01 
2.434301-01 
2.594091-01 
2.781191-01 
3.735871-01 
4.16724E-01 
3.074751-01 
2.716591-01 
2,529361-01 
2.394971-01 
2.21 7211-01 
2.29857E-01 
2.340101-01 
2.709681-01 
2.335581-01 
2.497351-01 
2.8426OE-01 
2.69659L-01 

a.i5063~+01 

c 
13 

Figure 10. Listing of Selected Output from MACRO Sample 
Problem. 



2.96400E+06 
2.9880OEtO6 
3.02000E+06 
3.20000E+06 
3.46000E+06 
3.78000E+06 
4.130001tO6 
4.24OOOStO6 
4.300003+96 
4.520009+06 
4.85000E+06 
4.936701+06 
4.95460E+06 
5.30000Et06 
5.37100E+06 
5.42000E+06 
5.80000B~06 
6.2 1 OOOE-~06 
6.285001+06 
6.33000Et06 
6.42000E+06 
6.57000E+06 
6.657501+06 
l.l0000E+06 
7.250003+06 
7.82000Et06 
7.725001t06 
7.86000Et06 
8.12000Et06 
8.400003+06 

9.1B000%+06 
9.55000Et06 
9.700001+06 
1.02500E+07 
I. 10000%t07 
1.1 8000Et07 
1.2250033+07 
1.31200%+07 
1.41820E+07 

e.geoo0~+06 

2.59640s-04 
1.97iai~-ai 
7.84652E-01 
2.196243-01 
2.43462E-01 
2.23584E-01 
1.922573-01 
2.085041-01 
2.085691-01 
1.77359E-01 
1.55259~3-01 
1.88138E-01 
1.53179E-01 
1 .UO507E-Oi 
1.76487E-01 
1.468623-01 
1.344963-03 
1.40861E-01 
I .94640E-01 
i.59930B-01 
1.28151E-01 
1.?2705E-01 
1.17819E-03 
1.06278E-01 
1.1722OE-01 
1.541448-01 
1.69570B-01 
1.61031E-01 
1.51 688E-01 
1.162143-01 
l.lO471E-07 
1.1986633-01 
1.13216E-01 
1.14633s-01 
1.03504B-01 
1.15165E-01 
1.093153-01 
1.09172E-01 
1.0591QE-01 
4.003333-01 

2.96800&+06 
2.99200Et06 
3.030003t06 
3.260003t06 
3.SOOOOE+06 
3.96000E+06 
4.15000I3t06 
4.25000E+06 
4.33000Et06 
4.58000E+06 
4.90000E+06 
4.938501+06 
4.95890St06 
5.330003+06 
5.37800E+06 
5.44OOOEtO6 
6.00000Et06 
6 . 2 2 0 0 0 E + 0 6  
6.295003+06 
6.34000S+06 
6.44000E+06 
6.58000E-t06 
6.66500E+06 
7.14000Et06 
7.27000E+06 
7.62000E+06 
7.7450033+06 
7.93000Et06 
8.21000%+06 
8.45OOOBtO6 
9.00500B+06 
9.25000E+06 
9.59OOOE-tO6 
9.740003+06 
I.O3000E+07 
1.1100OEt07 
1.19090Et07 
7.23000E+07 
1.330003+07 
1.44190E+07 

2.47904E-01 
1.920751-01 
1.866213-01 
2.278701-01 
2.43633B-01 
2.04052E-01 
1.929941-01 
2.10003E-01 
2.03538E-01 
1.72247E-01 
i.534ca~-oi 
1.86974E-01 
7-527023-01 
1.406201-01 
1.68954E-01 
1 .43537E-01 
1.34050E-01 
1.42911E-01 
1.992631-01 
1.53905E-01 
1.2841211-01 
1.1 11938-Ol 
1.17282E-01 
1.067193-01 
1.222781-01 
1.50876E-01 
1.788903-01 
1.56930E-01 
1.33587E-07 
1.142831-01 
3.117571-01 
1.19284E-01 
1.137673-01 
1.127811-01 
1.03759E-01 
i.i73e5~-oi 
1.1 131 3E-01 
1.078251-01 
1.046886-01 
1.00029E-07 

2.97600E+06 
2.996001+06 
3.08000%+06 
3.320003~06 
3.560OOSt06 
4.03000E+06 
4.17000Et06 
4.26000%+06 
4.38OOOEi06 
4.66000E+06 
4.91940E+06 
4.939503tO6 
4.96980E+06 
5.335003+06 
5.39000E+06 
5.460003t06 
6.125003t06 
6.230003t06 
6.30300E+06 
6.370001t06 
6.47000B+06 
6.59000Et06 
6.68000E+06 

7.34000Et06 
7.650003+06 
7.75000E+06 
8.005401+06 
8.24000Et06 
8 . 5 2 0 0 0 1 + 0 6  
9.020001+06 
9.30000E+06 

7.ieooo~+o6 

.630003+06 

.00030%t07 

.0553OEt07 

.11700E+07 

.20000E+07 

.240001+07 

.35400St07 

.4566OE+07 

2.23546E-01 
1.884958-01 
1.98177E-01 
2.347808;-01 
2.419988-01 
1.97312E-01 
7.94870E-01 
2.108241-01 
1.94604E-01 
1.664603-01 
1.54198E-01 
1.78172E-01 
1.51506E-01 
4.412911-07 
1.593251-01 
1.41632E-01 
7.341 581-0: 
1.46371S-O! 
1.94423E-01 
1.40598E-01 
1.294841-01 
1. 103961-01 
1.1502213-01 
1.08485E-01 
1.487i9E-01 
1.520803-01 
1.79846E-01 
7.551731-01 
7.28893E-01 
1.12475E-07 
1.14038E-01 
1.213901-01 
1.1191 5E-01 
1.09276E-01 
1.07539E-01 
1.140521-03 
1.13777E-01 
1.06551E-01 
1.054188-01 
1.004693-01 

2.98000E+06 
3.00000at06 
3.10000Et06 
3.38000E+06 
3.62000Et06 
4.08000E+06 
4.190OOE+O6 
4.27OOOEtO6 
4.420008t06 
4.76000E+06 
4.93450E+06 
4.94320Et06 
5.03000Bt06 
5.34000Et06 
5.400003+06 
5.50000Et06 
6.16000E+06 
6.24000Et06 
6.31000Et06 
6.400001t06 
6.49000Et06 
6.60000Et06 
6.70000E+06 
7.20000Et06 
7.350001t06 
7.68OOOEt06 
7.77000Et06 
8.08000Et06 
8.28000E+06 
8.70750Et06 
9.03000Et06 
9.36000E+06 
9.64000Et06 
1.00530Et07 
1.06200Et07 
1.140001+07 
1.205308t07 
3.25000Et07 
1.37000Et07 
1.46940Ei-07 

2.129083-01 
1.86153E-01 
2.02983E-01 
2.399553-01 
2.38483E-01 
1.936233-01 
1.980393-01 
2.11039R-07 
1.885588-01 
1.60204E-01 
1.60127E-01 
1.62831E-03 
1.491051-01 
1 . 4 4 3 1 3 1 - 0 1  
1.53743B-01 
1.3972OE-01 
1.347401-01 
1.50804E-01 
1.80990E-01 
1.31 552E-01 
1.28824E-01 
1.11012E-01 
1.13418E-01 
1.10033E-01 
1.51479E-01 
1.56141E-01 
1.74619E-01 
1.5502011-01 
1.284528-01 
1.106&2E-01 
1.14934E-01 
1.183943-01 
1 .l 1 866E-01 
1.083091-01 
1.104171-01 
1.131843-01 
1.15881E-01 
1.05989E-Ol 
1.01968E-01 
1.03574B-01 

2.98400L+06 
3.010001+06 
3.1 4000E+06 
3.920001+06 
3.680001+06 
4.11000E+06 
9.230001+06 
4.28000S+06 
4.460001t06 
4.820001+06 
4.935501+06 
4.948101+06 
5.20000E+06 
5.362008t06 
5.41000E+06 
5.70000r+06 
6.180001+06 
6.25000E+06 
6.32000E+05 
6.410001+06 
6.510001+06 
6.640001+06 
7.000001+06 
7.225001+06 
7.37000I1+06 
7.700001+06 
7.81000E+06 
8.105001+06 
8.33000E+06 
8.94000B+06 
9.08000Et06 
9.45000E+06 
9.680001+06 
1.017001+07 
1.09400E+07 
1.17000E+07 
1.210001+07 
1.299001+07 
1.39650B+07 
1.47500a+07 

2.049811-01 

2 . 1 0 3 1  7&-01 
2.422251-01 
2.33627E-04 
1.923728-01 
2.0674?3-01 
2.106751-01 
1 -83542E-01 
1.56709B-01 
1.765313-01 
1.56085E-01 
1.43150B-01 
1.691131-01 
1.491273-01 
1.35548E-07 
1.3619OE-01 
1.53467X-01 
1.68319Z-01 
1.292373-0? 
1.25802E-01 
1.16562g-01 
1.063843-01 
1.316801-01 
1.53694E-01 
1.60272E-07 
1.66128Z-O> 
1.536783-01 
1.20352E-01 
1.097541-01 
1.15402s-01 
1.154281-01 
.14262E-O1 
.045641-01 
.17076E-01 
.092163-01 
. 1 5  1071-01 
. O B ?  8411-01 
.017851-01 
.02@783-01 

q.839ax-01 

1.476701t07 1.029571-01 1.4812OEtO7 1.05074E-01 1.483701+07 1.07042E-01 1.486301t07 1.07827E-01 1.492701+07 1.043643-01 
1.50060Bt07 1.03832s-01 1.525OOEtO7 1.04940E-01 1.5553OE+O7 1.05483E-01 1.6068OEtO7 1.05812E-01 1.669501+07 1.03018S01 
1.71380B+07 9.880713-02 1.73010E+07 9.80371%-02 1.746703tO7 9.792521-02 1.79010Et07 9.093701-02 1.827303+07 9.887801-02 
1.883308t07 9.79893%-02 1.9053OEtO7 9.79991E-02 1.91850E+07 9.82891E-02 1.951108+07 9.981271-07 2.000001+07 9.838091-02 

Figure 10. (continued). 
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5.0 NEUTRON - A CONTINUOUS ENERGY MONTE CARLO CODE FOR TRANSPORTING 
NEUTRON RADIATION INCIDENT ON AN IONIZATION CHAMBER 

5.1 Code Description 

The program NEUTRON is a continuous energy and angle Monte 

Carlo code written specifically for analysis of ionization chamber 

responses to neutron radiation environments. NEUTKON solves the 

Boltzmann transport equation using detailed energy and angular data 

from the ENDF/B-V data base. 

respect to representing the cross sections is to mirror ENDF/B data 

to within a prescribed tolerance. The cross sections are 

represented by vectors of linearly interpolable data-energy pairs. 

The angular scattering distributions for elastic and discrete 

inelastic interactions are represented by probability tables. Above 

the thermal energy region, the scattered neutron energy is 

determined from exact energy-angle formulas. In the thermal region, 

the free gas model is employed to obtain the scattered neutron 

energy. For all continuous energy reactions i,e., continuum 

inelastic scattering, (n,2n), (n,3n) (n,n’,a), etc., ENDF/E 

expresses the information in terms of  post-collision laboratory 

energy. 

Here the neutron exit energy selection is based on the use o f  

ENDF/B-V data as probability tables or an evaporation spectrum. A l l  

charged particle production i. e. , protons, deuterons, tritons, 31-le 

ions and alpha particles, from either inelastic scattering o r  from 

absorption is assumed isotropic in the laboratory system with the 

energy determined from a general evaporation spectrum. The recoil 

The approach in program NEUTRON with 

Therefore the exact energy-angle formulas cannot be used. 
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heavy ion and/or charged p a r t i c l e  parameters produced a t  each 

i n t e r a c t i o n  of  the  neutron r a d i a t i o n  a r e  determined w i . t h  mass, 

energy, and momentum balances.  

The random walk procedure emgl.oyed i n  NEU'L'RON is  based on the 

integral .  emergent p a r t i c l e  dens i ty  formalism of the Roltzmann 

t r anspor t  equat ion.  This equation introduces the neutron i n t o  the 

system according t o  the n a t u r a l  source func t ion .  The neutron 

t r a v e l s  t o  the s i t e  of i.ts f i r s t  c o l l i s i o n  as determined by the 

t r anspor t  ke rne l .  A t  the  c o l l i s i o n  s i t e ,  the  p a r t i c u l a r  i so tope  the  

neutron i n t e r a c t s  with j s  determined. The non-absorption 

p robab i l i t y  array i s  then used t o  determine whether a sca . t te r ing  

r eac t ion  o r  absorpt ion r eac t ion  has occurred. The p a r t i c u l a r  

r eac t ion  is s e l e c t e d  and the e x i t  neutron parameters a r e  determined 

( i f  appropr ia te )  from the  c o l l i s i o n  kerne l  f o r  subsequent t r anspor t  

using the  t r anspor t  ke rne l .  A t  each c o l l i s i o n  s i t e ,  the r e c o i l  

heavy ion parameters a r e  determined and s t o r e d  f o r  subsequent: 

t r anspor t  i n  t he  HEAVY code. Furthermore, a t  each c o l l i s i o n  s i t e ,  a 

check is  made t o  determine i f  a secondary photon i s  generated.  I f  

app l i cab le ,  a secondary photon is  generated and s to red  f o r  

subsequent t r anspor t  i n  the  PHOTON code. The t r anspor t  and 

co1l.i-sion kerne ls  a r e  appl ied successively u n t i l  the neutron i s  

absorbed, escapes,  o r  reaches a spec i f i ed  energy o r  age c u t - o f f .  

NEUTRON represents  a unique computational t o o l  i n  the f i e l d  o f  

neutron r a d i a t i o n  t r anspor t .  Even though i t  i s  spcc i f  i c a l l y  written 

f o r  i on iza t ion  chamber response a n a l y s i s ,  t he  program i s  appl icable  

t o  any problems where charged p a r t i c l e  production and secondary 
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photon production are of interest. Some special features o f  NEUTRON 

include : 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

10 .  

Utilizes all of  the dat:a available in ENDF/B-V nuclear 
data files. 

Calculates the physics of all partial cross section 
reactions currently considered in ENDF/B-V. 

Generalizes the specification of  the neutron source 
through input arrays and/or user supplied subroutines. 

Incorporates a combinatorial geometry package for detailed 
geometry modeling. 

Includes untested programming for splitting, Russian 
roulette, and exponential transform. 

Mixes macroscopic total cross sections o r  reads them in 
from a MACRO tape. 

Uses FIDO input for a11 data arrays except the 
combinatorial data input. 

Accesses data arrays through use of the cross section data 
dictionary array (IDICT). 

Incorporates subroutine BANKR to provide additional 
analysis of  the neutron transport processes. 

Couples to the high energy transport code HETC3 to process 
neutrons with energies less than 20 MeV generated via 
transport of high energy particles. 

The subroutine hierarchy f o r  program NEUTRON i s  shown in 

Figure 11. The following tables (Tables 4 through 19) describe the 

subroutines along with their functions, the main variables and their 

storage locations, and the common blocks and their associated 

variables used in the random walk process employed in program 

NEUTRON. 
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Figure 11. Subroutine Hierarchy in Progran NEUTKON. 
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Figure 11. (continued). 
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Table 4. Subroutine Functions in Program NEUTRON 

.I- 
Function 

111-.- 

Subroutine 

ALBERT 

ALOCAT 

ANGLDF 

ANGLE 

BANKR 

BARIER 

BATCH 

B F I N  

BUFNMT 

CHECKG 

CHECKR 

CLEAR 

CMLABE 

Processes arbitrary polyhedron body data. 

ASSEMBLER routine which dynamically 
allocates core storage for problem execution 

Reads the input angular distribution files 
and converts them to a normalized cumulative 
distribution function. 

Selects the scattering angle at a collision 
site. 

This is a dummy routine usually supplied by 
the user to perform additional analysis of the data 

Calculates the coulomb barrier for a collision 
involving charged particle emission. 

Performs the process,ing of batches of particles 
during the random walk process. 

A buffer routine called by routine BUFNMT. 
This routine is only used at O W L ,  

Initiates the system routines required to 
read a HETC buffered output tape. This routine 
is only used at ORNL. (Call from REDNMT if 
logical unit number of tape 2 58). 

Checks the contents of the secondary photon 
production tape by printing the tape contents 

Checks the contents of the recoil heavy ion 
and charged particle tape by printing the tape contents. 

Initializes an array to zero. 

Converts the neutron scattering angle from 
center of  mass to laboratory coordinate system 
and calculates the neutron and recoil heavy ion 
exit parameters for an elastic scattering 
reaction. 
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Table 4 .  (Continued) 

.I.__- 
____I. I_ ___.._ 

... Function .__.. __ Subroutine 
___..I 

CMLABI 

COLISN 

CONTRL 

DATE 

DEEBUG 

DIREC 

DIRECT 

EUCLID 

EVAP 

EVAPLR 

EVAP 1 

FFPACK 

FFKEAD 

Converts the neutron scattering angle from 
center of  mass to laboratory coordinate system and 
calculates the neutron and recoil heavy ion exit 
parameters for an inelastic scattering reaction. 

Called at each collision to determine the 
type o f  collision and the post collision 
parameters. 

The driver routine for the random walk 
process; calling the input routines, initializing 
the random walk, and summarizing the run results 
through calls to the output routines. 

Computes the day, month, date, and year. 

Used to trouble-shoot errors in the program. 

Function which calculates the cosine of the 
angle between the flight direction and the most 
important direction. 

List out the directory for the output neutron 
cross section dictionary array (IDICT). 

Determines the number of mean-free-paths 
between two points in the geometry. 

Samples an exit energy from an evaporation 
spectrum for a two-body reaction. 

Samples an exit energy from an evaporation 
spectrum for a (n,n’x) reaction using 
ENDF/B LK flags. 

Sampl-es an exit energy from an evaporation 
spectrum for a (n,n’x) reaction. 

Used to input a character into a string 
o f  characters at a given position. 

Acts as a free and fixed field card 
image translator. 



Table 4. (Continued) 

.- 

Subroutine Function 

FIDAS 

FLTRNF 

G E N I  

GETETA 

GETNT 

GETEJU 

GETRN 

GETSG 

GG 

GOMST 

GRNDST 

GTMED 

Reads f r e e  and f ixed  f i e l d  input  da ta  
blocks i n t o  a r b i t r a r y  a r r ays .  

Random number package w r i t t e n  i n  
ASSEMBLER. 

Outputs the geometry input  information and 
places  the  combinatorial da t a  i n  the proper s torage 
loca t ions  i n  blank common. 

Calculates  the  number of mean-free-paths ( e t a )  
f o r  t he  next f l i g h t .  

Has two en t ry  po in t s :  GETNT which r e t r i e v e s  
values  from the  neutron bank and stores them i n  common 
NUTRON, and STORNT which s t o r e s  values from common 
NUTRON in to  the neutron bank. 

Se lec t s  the average number of neutrons ( Y )  
born from a f i s s i o n  r eac t ion .  

Has t w o  en t ry  po in t s :  GETRW which r e t r i e v e s  values  
from the  r e c o i l  heavy ion and charged p a r t i c l e  bank and 
s t o r e s  them i n  common RECOIL,  and S T O W  which s tores  values 
from common RECOIL i n t o  the  r e c o i l  heavy ion and charged 
p a r t i c l e  bank. 

H a s  t w o  en t ry  poin ts :  GETSG which r e t r i e v e s  values  
from the  photon bank and s t o r e s  them i n  common GAMMA, 
and STORSG which s t o r e s  values from common GAMMA 
i n t o  the  photon bank.. 

The workhorse of the combinatorial  geometry package - 
computes d is tances  t o  i n t e r sec t ions  f o r  a l l  body types.  

Determines boundary crossings between the  
present  and next c o l l i s i o n  s i t e .  

Calculates  the charged p a r t i c l e  and r e c o i l  heavy 
ion parameters f o r  a two body r eac t ion  t o  ground s t a t e .  

Determines the c ross  sec t ion  media number 
corresponding t o  the  geometry media number. 

__l_l 

.... 



Table 4 .  (Continued) 

~. .__ ___ - ... ___ ___---- .......... ___._.______ ..-____I. ___.___.. ....... .... 

Subroutine Function 

GTVLIN 

G 1  

INPUT1 

INPUT2 

INSERT 

INTERP 

INTSCH 

ISOTPE 

IWEEK 

JOMINl 

JOMIN2 

LABNF 

LOOKZ 

LRNORM 

Reads in or calculates the volume of each 
region in the geometry. 

The control routine for the combinatorial geometry 
package. 

Controls the processing of all input data and 
sets up and initializes all arrays used in the random 
walk process. 

Summarizes the core storage requirements and 
identifies the array parameters in common POINT. 

Inserts characters from an array into a 
character string. 

A general interpolation routine capable of 
executing the five ENDF/R interpolation schemes. 

Determines the ENDF/B interpolation scheme. 

Determines which isotope in the media has 
undergone a collision. 

Looks up the date and fills in the integer 
values for MONTH, IDAT, and IYEAR. 

Reads in the geometry data input and calculates 
the amount of storage needed for the geometry arrays. 

Calculates the beginning locations o f  the 
geometry arrays in storage. 

Calculates the exit parameters for a neutron 
born from a fission reaction. 

Returns the combinatorial geometry zone of 
point ( X , Y  ,Z) so tracking can be initiali-zed. 

Adjusts the neutron cross section used to 
calculate photon multiplicity when the inelastic 
resolved data contains IW-flags designating 
charged particle emission. 
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Table 4. (Continued) 

Subroutine Function 

LR2BOD 

MAIN 

MOR 

MSQURC 

NDBTCH 

NGHEVY 

NN2BOD 

NSIGTA 

NXTCOL 

N2NN3N 

OUTPUT 

Calculates the charged particle and r eco i l  
heavy ion parameters for a two body reaction 
resulting from the break-up of a nucleus left in 
an excited state by an inelastic scattering collision 
designated by an =-flag. 

Reads the first FIDAS data block and sets up 
default values for the input parameters. 

Calls routine CONTRL. 

The executive routine for the generation and 
storage of the source parameters at the start of  
each batch. 

Called at the end of each batch to perform 
calculations of batch statistics. 

Calculates the exic parameters for the recoil 
heavy ion resulting from the (n,7> reaction. 

Calculates the charged particle and recoil 
heavy ion Parameters for a two body reaction 
resulting from the break-up of a nucleus left in 
an excited state by an inelastic 
scattering collision. 

Determines the macroscopic total cross 
section for a media. 

Determines the particle spatial coordinates, 
block and zone number, and age at the next collision 
site and at every boundary site along the flight path. 

Calculates the neutron and recoil heavy ion 
exit parameters for a (n,2n) or (n,3n) reaction. 

A multipurpose routine which calculates and 
prints average source, parameters for a batch, 
calculates and updates batch results, and 
summarizes results for the counters. 
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Table 4 .  (Continued) 

~~ ...... _...____..___ ___ ..... ___ ......... ..___.. ~ ~ _ _ _ _  __- .......... 

Subroutine 

OUTPTl 

OUTPT2 

PARTXS 

PHOTON 

PR 

PRTDCT 

PRTGCB 

PRTGE 

PRTGX 

PRTGXT 

PRTMX 

PRTNA 

PRTNE 

Fimc tion 
.......... ___ ____..___ 

Prints the reaction type number counters 
and the element collision number counters for 
the problem. 

Prints the number and weight counters 
indicati-ng the results of Russian roulette, 
splitting, and scattering for the problem. 

Samples from the photon production partial 
distribution data to obtain the secondary 
photon energy from a neutron reaction. 

Controls the generation and storage 
of  all secondary photons produced by the 
neutron reactions. 

Called from various locati.ons in the 
combinatori.al geometry package whenever 
intermediate output or debugging output 
is required. 

Prints the neutron cross section 
dictionary (LDICT) . 

Prints the photon data control 
block array (LGCB). 

Prints the photon secondary energy 
distributions. 

Prints the secondary photon 
production partial cross sections. 

Prints the secondary photon 
production total cross sections 

Prints the macroscopic total cross 
sections for the mixtures. 

PrinCs the neutron angular dis ti-ibutions . 

Prints the neutron secondary energy 
distributions. 



Table 4 .  (Continued) 

Subroutine Function 

PRTNP 

PRTNU 

PRTNX 

PRTPP 

PRTQ 

REDNMT 

RITEG 

RITER 

RNDWLK 

SECEGY 

SECLFl 

SECLF5 

SECLF7 

SECLF9 

Prints the total neutron disappearance 
array. 

Prints the avgrage number of neutrons 
per fission ( v )  array. 

Prints the microscopic neutron cross 
sections. 

Prints the average secondary photon 
production per collision array. 

Prints the Q-value, LR-flag, and S-value 
arrays for the neutron partial reactions. 

Reads an output history tape from the 
HETC code system. 

Writes the secondary photon output tape 
for subsequent transport in program PHOTON. 

Writes the recoil heavy ion and charged 
particle output tape for subsequent transport 
in program HEAVY. 

Performs the random walk for all 
particles. 

Selects a partial energy distribution from 
which to sample an exit energy. 

Samples an exit energy from a tabulated 
distribution. 

Samples an exit energy from a general 
evaporation spectrum. 

Samples an exit energy from a simple 
fission spectrum. 

Samples an exit energy from an 
evaporation spectrum. 

... 
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Table 4 .  (Continued) 

. . .... .. .. .... 
_I 

Sub rout  ine Function 

s ECLl. 1. 

SHIFT 

SORIN 

SOURCE 

SOURH 

STBTCH 

TBSPLT 

TERP 

TMRMS c 

THRS EL 

TIMER 

TWOBOD 

W W  

Samples an e x i t  energy from an energy 
dependent Watt spectrum, 

Transfers  da ta  from one array t o  
another a r r ay .  

Converts the  input  r e l a t i v e  source 
frequency ar ray  t o  a cumulative d i s t r i b u t i o n  
funct ion and ca l cu la t e s  a biased source spectrum. 

Determines the  i n i t i a l  parameters 
f o r  all .  primary p a r t i c l e s .  

Determines the i n i t i a l  parameters f o r  a l l  
primary p a r t i c l e s  read from an HETC generated 
source tape .  

I n i t i - a l i z e s  a r rays  t o  zero used i n  
accumulating ana lys i s  q u a n t i t i e s  during a ba tch .  

Determines a cross sec t ion  a t  a given 
energy from a cross  sec t ion  versus  energy 
t ab le  using a t ab le  s p l i t t i n g  method. 

Performs l i n e a r  i n t e rpo la t ion .  

Controls s e l e c t i o n  of the  neutron 
e x i t  energy i n  the thermal range. 

Se lec ts  neutron e x i t  energy and 
s c a t t e r i n g  from S ( a , p )  da ta .  

Performs a v a r i e t y  of funct ions 
assoc ia ted  with the  1-oca1 and global  c locks ,  

Calculates  the charged p a r t i c l e  and 
r e c o i l  heavy ion  e x i t  parameters For  a 
two-body c o l l i s i o n .  

Used t o  ove r - r ide  the  source input  
d i r e c t i o n  cosines f o r  a problem. 



Table 4 .  (Continued) 

______I--_ 

-__-__---llll 
__li 

~ 

Func tion -_ Subroutine 

XSEC Determines a cross section at a given 
energy from a cross section versus energy 
table. 

XSECl Reads the second record off the 
input microscopic cross section unft and 
sets up the ICOM array. 

XSEC2 Reads the remaining data on logical unit 
MICROS, selects the elements needed, and 
stores the microscopic data in core. 

XSEC3 Mixes and thins the macroscopic total 
cross sections according to the mixing table 
if pre-mixing was not performed. 

XSEC4 Reads the premixed macroscopic total cross 
sections on logical unit MACROS and stores the 
data in core. 

XSEC5 Reads the secondary photon production 
partial distributions for each reaction listed 
in the GCB arrays and sums them to create a 
total secondary photon production array f o r  each 
react ion. 

XY Z Used to over-ride the source input spatial 
coordinates for a problem. 



62 

Table 5 .  General L a y o u t  of Blank Common 
i n  Program NEUTRON 

-- ._ ._- 
____.I- ....... ......... 

S t a r t  i ng Variable N a m e  L e n g t h  
L o c a t i o n  __ _I.__ 

LFP8 
LFP9 
LFPlO 
L F P l l  
LFP12 
L F P l 3  
LFP14 
LFP15 
LFP16 
LFP17 
LFP18 
LFP19 
LFP20 
LFP21 
LFP2 2 
LFP2 3 
LFP24 
LFP25 
LFP26 
LFP27 
LFP 2 8 
LFP29 
LFP30 
LFP31 
LFP3'2 
LFP33 
LFP34 
LFP35 
LFP 3 6 
LFP37 

LFP38 
LFP39 
LFP4O 

LFP41 
LFP42 
LFP43 
L F P U  
LFP45 
LFP46 
LFP47 

LFP48 

RREL , WTHI , WTLO , 'WTAV 
PATH 
KM 
KE 
RHO 
KZ 
FS 
BFS 
I N  
I COM 
IREC 
Geometry Data 
IGAMS 
LGAM 
INABS 
LNAB 
ITHRMS 
LTHRM 
IDICTS 
LDICT 
NTX 
NT S 
IGCBS 
LGCB 
ISIGTS 
LS IGT 
AN7 

Q,LR,QLR 
Current Weight S t a n d a r d s  
S p l i t t i n g  and Russian 
Roule t te  C o u n t e r s  
N e u t r o n  Bank 
P h o t o n  Bank 
Recoi l  Heavy Ion and 
Charged P a r t i c l e  Bank 
NSEI , NAET 
NSCA 
M i c r o s c o p i c  C r o s s  S e c t i o n s  
M a c r o s c o p i c  C r o s s  S e c t i o n s  
IGCBS2 
LGCB2 
T o t a l  M i c r o s c o p i c  P h o t o n  
P r o d u c t i o n  C r o s s  S e c t i o n s  

MAXGP+3*MAXGP*MXREG 
MAXGP*MXREG 
NMIX 
NMIX 
NMIX 
NMIX 
2*NGPFS 
NGPFS 
NMIX 
NNIJC 
N I  
NADD 
NNUC 
NNUC 
NNUC 
NNUC 
NNUC 
NNUC 
NNR*NNUC 
NNRANNUC 
NNUC 
NNUC 
NGR*NNUC 
NGRANNUC 
MEDIA 
MEDIA 
NNUC 
3*NQ*NNUC 
3*MAXGP;kMXREG 
8;WAXGP*MXREG 

14*NMOST 
13*MOSTG 
24;tMOSTR 

2 7tNNUC 
2&*MEI):CA 
P r o b l e m  Dependent: 
P r o b l e m  D e p e n d e n t  
NGR;kNNUC 
NGR7kNNUC 
P r o b l e m  D e p e n d e n t  

Next Available C o r e  L o c a t i o n  



Table 6. Definit ions 02 Variabies in Random Walk 
Blank Common in Progratn NEUTRON 

... ... ___ _ -- __-.---.-____I- ....... .... . 

Variable Definition 

RREL (MAXG P ) 

WTHI (MAXGP , NXREG) 

WTLO(MAXGP,MXREG) 

WTAV(MAXGP , MXREG) 

PATH(MAXGP,MXREG) 

KM( NMIX) 

KE (NMIX) 

RHO (NMIX) 

KZ (NMIX) 

FS (NGPFS ) 

BFS (NGPFS) 

IN (NMIX) 

ICOM(NNUC) 

IREC (NI ) 

IGAMS (NNUC) 

LGAM (NNUC) 
__ 

Lower energy limits i n  eV of i.nt:ervals f o r  
constant weight standard. 

Weight aboTre which splitting is performed. 

Weight below which Russian Roulette 
is performed. 

Weight to be assigned Russian Roulette 
survivors. 

Exponential. transform parameters. 

Mixing table medium numbers. 

Mixing table element identifiers 

Mixing table element number densities. 

Mixing tab1.e element charge numbers. 

Unbiased source spectrum; unnormalized 
fraction o f  source particles in each 
energy bin - transformed into a cumulative 
distribution function in routine SORIN. 

Biased source spectrum; relative 
importance of each energy group-transformed 
into a biased cumulative distribution function 
in routine SORIN. 

Mixing table isotope numbers 

Microscopic cross section B - control. block 
(RCB) location numbers for the elements used 
in the problem. 

Microscopic cross section I ~ control block 
(ICB) record nutnbers on logical unit MICROS 

Starting locations of average photon 
production arrays. 

Lengths of average photon production arrays. 
___I 
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Table 6. (Continued) 

.... -.._________-- .... 

... 
Definition ___.. _._. Variable 

... 

INARS(NWUC) 

LNAB (NNUC) 

ITHRMS(NNUC) 

LTHKM (NNUC) 

IDICTS(NNR,NNUC) 

LDICT (NNR , NNUC ) 

NTX( NNUC) 

NTS (NNUC) 

TGCBS(NGR,NNUC) 

LGCB (NGR , NNUC) 

ISIGTS(MED1A) 

LSIGT (MEDIA) 

AWR (NNUC) 

Q (NQ, NWC) 

I,K (NQ , NNUC ) 

QLR(NQ,NNUC) 

NSPL(MAXGP,MXREG) 

WSPL(MAXGP,MXREGj 

Starting locations of total neutron 
disappearance arrays. 

Lengths of total neutron disappearance arrays. 

Starting locations o f  thermal scattering 
data arrays. 

Lengths o f  thermal scattering data arrays. 

Starting locations of  microscopic 
cross section arrays. 

Lengths o f  microscopic cross section arrays. 

Number of  secondary photon production cross 
section arrays. 

Number o f  secondary photon energy distribution 
arrays. 

Starting locations of secondary photon 
production cross section and energy 
distribution arrays. 

Lengths of secondary photon production cross 
section and energy distribution arrays. 

Starting locations of macroscopic total 
cross section arrays. 

Lengths o f  macroscopic total cross 
section arrays. 

Atomic mass ratio defined in ENDF/B. 

ENDF/B Q-value array. 

ENDF/B I&- flag array. 

ENDF/B Q-value associated with the LR-flag. 

Splitting counter. 

Weight associated with NSPL i.e., 
the sum of the weights which have split. 
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Table 6. (Continued) 

~ ._ ......... 

Variable Definition 

NOSP(MAXGP,MXREG) 

WNOS (MAXGP ,MXREG) 

RRKL(MAXGP ,MXREG) 

WRKL(MAXGP,MXREG) 

RRSU(MGP,MXREG) 

WRSU (MAXGP , MXREG) 

NSEI (NNUC) 

NAEI(NNUC) 

NMT2(MEDIA) 

NMTh(MED1A) 

NMTlG(MED1A) 

NMT17(MEDIA) 

NMT18(MEDIA) 

NMT22(MEDIA) 

NMT23(MEDIA) 

NMT24 (MEDIA) 

NMT28(MEDIA) 

NMT5 1 (MEDIA) 

NMT91(MEDIA) 

NMT102(MEDIA) 

NMT103(MEDIA) 

Counter f o r  full bank when splitting 
was reques red. 

Weight associated with NOSP. 

Russian roulette death counter. 

Weight associated with RRKL. 

Russian roulette survival counter. 

Weight associated with RRSU. 

Element scattering collision counter. 

Element absorption collision counter. 

Elastic scattering counter. 

Inelastic scattering counter. 

(n,2n) reaction counter. 

(n,3n) reaction counter. 

Fission reaction counter. 

(n,n'a) reaction counter. 

(n,n'3a) reaction counter. 

(n,2na) reaction counter. 

(n,n'p) reaction counter. 

Discrete inelastic scattering counter. 

Continuum inelastic scattering counter. 

(n,r) reaction counter. 

(n,p) reaction counter. 

...... 
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Table 6 .  (Continued) 

-~ ~ . I 

Variable Definition 

NMT104 (MEDIA) 

NMTlOS(MED1A) 

NMTlOG(MED1A) 

NMT107(MEDIA) 

NMT108(MEDIA) 

NMTlO9 (MEDIA) 

NMTlll(MED1A) 

NMT112(MEDIA) 

NMT113 (MEDIA) 

NMT114 (MEDIA) 

NSCA(MED1A) 

TGCBS2(NGR,NNUC) 

LGCB2(NGR,NNUC) 

(n,d) reaction counter. 

(n,t) reaction counter. 

(n,11e3) reaction counter. 

(n,a) reaction counter. 

(n,2a) reaction counter. 

(n,3a) reaction counter. 

(n,2p) reaction counter. 

(n,pa) reaction counter. 

(n,t2a) reaction counter. 

(n,d2a) reaction counter. 

Total interaction counter. 

Starting locations of total secondary 
photon production cross sections. 

Lengths of total secondary photon 
production cross sections. 



T a b l e  7 .  Definitions of Variables i n  MASS Common 
i n  Program NEUTRON 

._ -- 
Defin i t ion(cur ren t  values s e t  i n  M A I N )  - Variable 

ZN Neutron mass in e V .  ( 9 . 3 9 5 1 2 4 E + 0 8 ) a  

ZP Proton mass i n  eV. (9 .387298E-t-08)  

ZD Deuteron mass i.n eV. ( 1 . 8 7 6 0 1 7 7 3 + 0 9 )  

ZT Tr i ton  mass i n  e V .  (2.8092727E-tO9) 

ZHE3 Helium 3 mass in e V .  (2.8092539E-t-09) 

ZA A l p h a  particle mass i n  e V .  (3 .7281883E-t-09)  

AN Neutron mass i n  AMU. (1 ,009062)  

AP Proton mass i n  AMU. ( 1 . 0 0 8 2 2 1 )  

AD Deuteron mass i n  MIU. ( 2 . 0 1 4 8 9 4 )  

AT Tr i ton  mass i n  -MU.  ( 3 . 0 1 7 2 3 6 )  

AHE 3 Helium 3 mass i n  AFlIJ. ( 3 . 0 1 7 2 1 5 )  

AA A l p h a  p a r t i c l e  m a s s  i n  AMU. ( 4 , 0 0 4 1 7 6 )  
__..___I__ 

1111___- 

a 
Read as 9 . 3 9 5 1 2 4  x l o 8 .  
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Table 8 .  Def in i t ions  of Variables i n  CONST Common 
i n  Program NEUTRON 

-. -__ -- ..__________ .... 

Variable Definition (Current values set i n  MAIN) 

NNR 

NQ 

NGK 

NTSTW 

NGPREG 

MGPl 

M1M 

NI 

NNUC 

NCOL 

Number of neutron records p e r  isotope on unit 
MICROS ( 1 3 4 ) .  

Number of ENDF/B Q-values p e r  isotope on unit 
MICROS (66). 

Number of photon records per isotope on unit 
MICROS (60). 

Sum of NKILL+NPAST. 

Product o f  number of weight standard groups 
(MAXGP) and regions (MXREG). 

Equal to MAXGP+1. 

Equal to (MAXGP+l)+MXREG. 

Number of isotopes in data set on unit MICROS. 

Number of  different elements used in the 
mixing table. 

Neutron collision counter. 
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Table 9. Definitions of Variables in APOLL Common 
in Program NEUTRON 

..- __I _I-- .. . . .- 
l__l_ ~ .- 

Variable  Def in i t ion  

- ..... 

ETA 

ETATH 

ETAUSD 

DEADWT(5) 

XTRA (10) 

ITERS 

I FR 

I FG 

ITSTR 

NEWNM 

NGEOM 

NMEM 

NMEMR 

NMEMG 

INALB 

NDEAD(5) 

Number of mean-free-paths between c o l l i s i o n s .  

Distance i n  cent imeters  t o  the next  c o l l i s i o n  
i f  the  p a r t i c l e  does not  encounter a change i n  t o t a l  
c ros s  s e c t i o n .  

F l i g h t  path i n  mean-free-paths t h a t  has been used 
s ince  the  l a s t  event .  

The summed weights of the  p a r e i c l e s  a t  dea th .  
The four  deaths  a r e :  Russian r o u l e t t e ,  escape,  energy, 
and age l i m i t .  The f i f t h ,  DF.ADWT(S), i s  unused. 

Used f o r  temporarily s t o r i n g  alphanumeric 
information on "tirrie used" immediately before  
p r i n t i n g .  

Current batch number. 

Switch ind ica t ing  r e c o i l  heavy ion  and charge p a r t i c l e  
bank i s  f u l l  i f  > 0. 

Switch ind ica t ing  secondary photon bank i s  f u l l  i f  > 0 .  

S w i t c h  i nd ica t ing  secondary f i s s i o n s  a r e  t o  be the 
source f o r  the  next batch i f  > 0 .  

Name of  las t  p a r t i c l e  i n  bank. 

Length of geometry da t a  a r r a y s .  

The loca t ion  o f  the  next p a r t i c l e  i n  the  neutron 
bank t o  be processed. 

The loca t ion  of the  next p a r t i c l e  t o  be s t o r e d  
i n  the r e c o i l  heavy ion and charged p a r t i c l e  bank. 

The loca t ion  of the next  p a r t i c l e  t o  be s to red  
i n  the  secondary photon bank. 

A switch ind ica t ing  t h a t  an albedo sca t te r i -ng  has 
occurred i f  > 0 .  

Number of  deaths  of  each type given i.n DEADWT. 
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Table 9 .  (Continued) 

. ~ I _ _  

Variable . . Definition .. ... . -. 

NPSCL(13) An array of counters of events for each batch: 
(1) sources generated 
(2) splittings occurring 
(3) fissions occurring 
( 4 )  secondary photons generated 
(5) real collisions 
(6) albedo scatterings 
(7) boundary crossings 
(8) escapes 
(9) energy cutoffs 
(10) time cutoffs 
(11) Russian roulette kills 
(12) Russian roulette survivals 
(13) secondary photons not stored because the 

secondary photon bank was full. 
___________ __ _ __ 
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Table 10. Definit ions of Variables in NUTRON Common 
in Program NEUTRON 

Variable Definition 

NAME 

NAMEX 

E 

EOLD 

NMED 

MEDOLD 

NREG 

u,v,w 

UOLD,VOLD,WOLD 

X , Y , Z  

XOLD,YOLD,ZOLD 

WATE 

OLDWT 

WTBC 

BLZNT 

BLZON 

AGE 

OLDAG E 

Particle first name. 

Particle family name. 

Current energy. 

Previous energy. 

Medium number at current location. 

Medium number at previous location. 

Region number at current location. 

Current direction cosines. 

Previous direction cosines. 

Current Location. 

Previous location. 

Current weight. 

Previous weight. 

Weight j u s t  before current collision. 

Current zone number. 

Previous zone number. 

Current age. 

Previous age. 

... 
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Table 11. Defini t ions of Variables i n  GAMMA Common 
i n  Program NEUTRON 

. .... .-.... . .. ~ 

Variable Def in i t ion  

NAMEXG P a r t i c l e  family name. 

MTNG ENDF/B neutron r eac t ion  type number. 

NMEDG Medium number a t  p a r t i c l e  l oca t ion .  

NCOLG Neutron c o l l i s i o n  number. 

EG P a r t t c l e  energy. 

XG , Y G ,  ZG P a r t i c l e  l oca t ion .  

UG,VG,WG P a r t i c l e  d i r e c t i o n  cos ines .  

WAT EG Par t i -c le  weight:. 

AGEG P a r t i c l e  age.  
__. . ... . . . . 
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Table 12. Defin i t ions  of Variables in RECOIL Common 
in Program NEUTRON 

Variable Def in i t ion  

NAMEXR 

MTNR 

NZR 

NCOLR 

AR 

ER 

UR , V R ,  WR 

XR,YR,ZR 

WATER 

AGER 

ENIR 

P a r t i c l e  family name. 

ENDF/B neutron r eac t ion  type number. 

P a r t i c l e  charge.  

Neutron c o l l i s i o n  number. 

P a r t i c l e  atomic weight. 

P a r t i c l e  energy. 

P a r t i c l e  d i r e c t i o n  cos ines .  

P a r t i c l e  1ocat:ion. 

P a r t i c l e  weight. 

P a r t i c l e  age. 

P r e - c o l l i s i o n  neutron energy. 

UNIR,VNIR,WNIR Pre -co l l i s ion  neutron d i r e c t i o n  cos ines .  

ENOR P o s t - c o l l i s i o n  neutron energy. 

UNOR,WOR,WNOR P o s t - c o l l i s i o n  neutron d i r e c t i o n  cosines .  

WTNR Neutron weight:. 

QR ENDF/B Q-value assoc ia ted  with the neutron reac t ion  
type number. 

- 
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Table 1 3 .  Def in i t ions  of Variables i n  PAREM Common 

...._.. ______ ....___.__ . . _... ._... .... __I...I___ 

Variable  Def in i t ion  

XB(3) 

WB(3) 

lJP(3) 

XP(3) 

RTN 

ROUT 

PINF 

DIST 

IR 

IDBG 

IRPRIM 

NAS C 

LSURF 

NBO 

LRI 

LRO 

KLOO P 

Coordinates of t he  s t a r t i n g  po in t  o f  t he  
present  path.  

Di rec t ion  cosines  of  p a r t i c l e  t r a j e c t o r y ,  
(Equal t o  U ,  V I  W) . 

Teiiiporary s torage  o f  IJB( 3 ) .  

Temporary s torage  of XB(3). 

Distance t o  en t ry  ca l cu la t ed  i n  rou t ine  G G .  

Distance t o  e x i t  ca l cu la t ed  i n  rout ine  G G .  

Machine i n f i n i t y .  (1.00E+20) 

Distance from XB(3) t o  present  po in t .  

Combinatorial zone of present  p a r t i c l e  
p o s i t ion .  

S e t  non-zero t o  i n i t i a l i z e  a debug 
p r i n t o u t .  

Next region t o  be entered a f te r  a c a l l  o f  
rou t ine  G 1 .  

Body number o f  l a s t  ca l cu la t ed  i n t e r s e c t i o n .  
Se t  negat ive t o  ind ica t e  source o r  c o l l i s i o n  
poi.nt no t  on a body sur face .  

Surface o f  body NASC where i n t e r s e c t i o n  
occurred. Pos i t i ve  i f  p a r t i c l e  i s  enteri-ng 
the body and negative when e x i t i n g .  

Body number and a s ign  used t o  def ine  zones.  
Input i n  zone desc r ip t ion  as p o s i t i v e  when zone 
i s  contained i n  body and as negat ive i f  zone i s  
ou t s  i.de body. 

Entry sur face  ca l cu la t ed  i n  rout ine  G G .  

Exi t  sur face  ca l cu la t ed  i n  rout ine  G G .  

Tra jec tory  index of present  path incremented 
i n  rou t ine  G1. 
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..... 

Table 13. (continued) 

Variable Definition 

LOOP INEXT of last trajectory calculated for 
body NBO. If M O P  is equal t o  KLOOP, 
routine GG returns immediately with old values 
in R I N ,  ROUT, LRI, and LRO.  

ITYPE Body type of body NBO (indicates BOX, 
SPH, etc.). 

NOA Not used. 

JTYl(l5) Alphanumeric title for geometry input. 
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Table 14. Definitions of Variables in ORGl Common 

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

V a r  i ab I e Definition 

DISTO Distance from point X B ( 3 )  to next scattering 
point. Used in routine G 1  to avoid calculating 
the next zone if a scattering event occurs before 
the intersection. 

MAENG Set to 1 in routine G 1  if trajectory end point is 
reached before next intersection, otherwise set to 0 .  

NMEDG Zone number IR from a LOOKZ call 

NBLZ Packed word containing both input zone and 
code zone numbers. 

BLZOLD Packed word containing input and code zone 
numbers for the previous collision. 
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Table 15. Definitions of Variables in DBG Common 

Variable Definition 

N Starting location i n  MA array of data for zone IRP. 

NUM Ending location in MA array of data for zone I R P .  

LOCAT Location in MA array of address where data f o r  
current body is located in the FPD array. 

ISAVE Index in MA array cf next body intersected 
(N i ISAVE 5 NUM). 

INEXT Pointer to f i r s c  zone searched in MA array 
for next body (Equal to ISAVE -t 2). 

IRP Next zone searched to determine which zone 
the current body is in. 

SMIN Distance t o  intersection 

INEX Pointer to next zone searched in MA array 
if INEXT is not the zone intersected 
(Equal to INEXT + 1). 

-.__I_ 

.... 
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Table 16. General Layout of Neutron Bank 
(NBANK Common) in Program NEUTRON 

P o i n t e r  Variable Name 

LNPl us 

LNP2 

LNP3 

vs 

ws 

LNP4 xs 

LNP 5 YS 

U P 6  

LNP7 

ZS 

WATES 

LNP 8 AGES 

LNP9 BLZNTS 

LNPlO 

LNPll 

LNP12 

ES 

NAMES 

NAMEXS 

LNP13 NMED S 

LNP14 NREGS 
___...... ......___. ~ 
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Table 17. General, Layout of Secondary Photon B a n k  
(GBANK Common) f.n Program NEUTRON 

Poin te r  V a r i a b l e  Name 

LGPl 

U P 2  

LGP3 

LGP4 

LGP5 

LGP6 

LGP7 

LGP8 

LGP9 

LGPlO 

LGPll 

LGP12 

LGP13 

EGS 

XG S 

YGS 

ZG S 

UGS 

VGS 

WGS 

WATEGS 

AGEGS 

NAMXGS 

NCOLGS 

MTNGS 

NMEDGS 
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Table 18. General Layout of Recoil Heavy Ion and Charged 
Particle Bank (RBANK Common) in Program NEUTRON 

--.._.___ ~ - _ _ _ _ _  

........- ~ 

Variable Name 
.^_____ 

P o i n t e r  

LRP 1 ERS 

TAP2 X R S  

LRP 3 YRS 

LKP4 

LRP 5 

ZRS 

URS 

LRP 6 VRS 

LRP 7 

LRPB 

IJR S 

WATERS 

LKP 9 AGERS 

LRPlO 

LRPll 

LRP 12 

ARS 

NAMXRS 

NCOLRS 

LRP13 MTNRS 

LRP14 

LRP15 

LRP 1 6  

NZRS 

ENIRS 

UNIRS 

TJzP17 VNIRS 

LKPl.8 

LRP19 

TJP20 

WNIKS 

ENORS 

UNORS 

U P 2 1  VNORS 

LRP22 lJNORS 

LRP23 WTNRS 

LRP24 QRS 
. . . .. . . . .. --- .. ... .. ... . ...._.... . . .. ..._. - .. .. . . .. . 



81 

Table 1 9 .  Def in i t ions  of Subroutine BANKR Arguments for 
Additional Analysis i n  Program NEUTRON 

.___I_-____.___ .- -I--I __.__lll_ 

Location of  c a l l  i n  random walk ___ BANKR argument Cal led from 

- 1  CONTRL Af te r  ca l l s  t o  INPUT1 and INPUT2 - t o  
s e t  parameters f o r  new problem. 

-2 BATCH A t  the  beginning of each batch o f  NSTRT 
p a r t i c l e s .  

-3  BATCH A t  t he  end of each batch of NSTRT p a r t i c l e s .  

-4 CONTRL A t  the  end of each s e t  of NITS batches - 
a new problem i s  about t o  begin.  

1 MSOURC A t  a source event .  

2 RNDWLK A f t e r  a s p l i t t i n g  has occurred 

3 COLISN A f t e r  a f i s s i o n  has occurred. 

4 

5 

PHOTON 

RNDWLK After a r ea l  c o l l i s i o n  has  occurred - 

After  a secondary photon has  been generated.  

pos t  c o l l i s i o n  parameters are ava i l ab le .  

6 RNDWLK Af te r  an albedo s c a t t e r i n g  has occurred - 
pos t  c o l l i s i o n  parameters are ava i l ab le .  

7 NXTCOL Af te r  a boundary c ross ing  has occurred - 
t he  t r a c k  has  encountered a new geometry medium 
other  than an albedo o r  a void  media. 

8 NXTCOL Af te r  an escape has  occurred - the  
geometry has encountered medium zero.  

9 RNDWLK Af te r  t he  p o s t - c o l l i s i o n  energy reaches 
the energy cu t -o f€ .  

10 RNDWLK A f t e r  the  p o s t - c o l l i s i o n  age reaches the  
age c u t - o f f .  

11 RNDWLK A f t e r  a Russian r o u l e t t e  k i l l  has occurred 

1 2  RNDWLK A f t e r  a Russian r o u l e t t e  su rv iva l  has 
occurred. 

1 3  STORSG Af ter  a secondary photon has  been generated 
bu t  the  s torage  bank i s  f u l l .  
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5.2 Input -Requirements 

The following input  a r r ays  and t i t l e  cards  a r e  requi red  i n  

order  t o  execute a NEUTRON case. Default  values  are i n  brackets  

( [ I ) .  

CARD 1: FORMAT (20A4) 

TITLE Problem t i t l e  card .  

CARD 2 :  FORMAT (212) 

RANDOM S t a r t i n g  random number seed. 

FIDAS DATA BLOCK 1 

1 $ Array [lo entries] 

NCASE 

NSTRT 

NMOST 

NMOSTG 

NMOSTR 

NITS 

NQUIT 

NPHOTN 

NHEAVY 

NSOUR 

Case number f o r  run. 

Number of p a r t i c l e s  per  ba tch .  ( I f  reading a 
HETC tape NSTRT must be 2 t o  the  maximum number o f  05K 
Neutrons i n  any ba tch . )  

Maximum number of neutrons allowed f o r  i n  the neutron bank. 

Maximum number of secondary photons allowed f o r  i n  the photon 
bank. 

Maximum number of r e c o i l  heavy ions and charged p a r t i c l e s  
allowed f o r  i n  the r e c o i l  heavy ion and charged p a r t i c l e  bank. 

Number of batches per  s e t .  ( I f  reading a HETC tape 
NITS must be 5 t o  the  number of HETC batches completed.)  

Number of s e t s  o f  NITS batches t o  be run wi-thout new input  
d a t a .  

0/1 - No e f f e c t / P r i n t  out  the  contents  o f  t he  secondary 
photon production tape .  

0/1 - No e f f e c t / P r i n t  out  the contents  of the  r e c o i l  heavy 
ion and charged p a r t i c l e  production t ape .  

0/1 - Fixed source problem/Source due t o  Eissions generated i n  
a previous batch.  
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2 $ Array [ 6  entries] 

NSPLT 0/1 - No effect/Particle splitting allowed 
NKILL 0/1 - No effect/Russian roulette allowed. 

NPAST 0/1 - No effect/Exponential transform invoked. 
NOLEAK 0/1 - No effect/Nonleakage option invoked 

XEBIAS 0/1 - No effect/Energy biasing invoked. 

MAXGP Number of energy intervals for which Russian roulette, 
splitting, or exponential transforms are to be performed. 

3 $ Array [ 6  entries] 

MEDIA Number of cross section media. 

NMIX Number of mixing operaeions (element times atom density 
operations) to be performed. 

MXREG Maximum number of regions described by geometry input 

ISOUR 0/1 - Input source distribution/Mono-energetic source with 
energy equal to ESOUR. 

NGPFS Number of energy, probability pairs for which the source 
spectrum is to be defined. 

ISBIAS 0/1 - No effect/source energy biasing invoked. 
4 $ Array [lo entries] 

INN Card input unit. [5] 

IOUT Printed output unit. [ 6 ]  

MGEOM Geometry data input scratch unit. [16] 

MGAMMA Secondary photon production output unit. [17] 

MWEAVY Recoil heavy ion and charged particle 
produccion output unit. [18] 

MICROS Microscopic cross section input unit. [ 7 4 ]  

MACROS Premixed macroscopic total cross section input unit. [ 7 5 ]  

MGSCR Secondary photon production scratch unit. [ 1 9 ]  

MRSCR Recoil heavy ion production scratch unit. [ 2 0 ]  
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MHETC HETC output source input unit. [ o ]  

5 $ Array [ 8  entries] 

IPRTNX 

IPRTNA 

I PRTNE 

IPRTPP 

IPRTNPF 

IPRTGX 

IPRTGE 

IPRTMX 

0/1 - N o  effect/Print neutron microscopic cross sections. [0] 

0 /1  - No effect/Prfnt neutron angular distributions. [0] 

0/1 - No effect/Print neutron secondary energy distri-butions. 
I O 1  

0/1 - N o  effect/Print average photon production per collision 
array. [ O ]  

0/1 - No effect/Print total neutron disappearance array. [0] 

0/1 - No effect/Print secondary photon production microscopic 
cross sections. [0] 

0 /1  - N o  effect/Print photon secondary energy distributions. 
[ O I  

0/1 - No effect/Print mixture macroscopic total cross 
sections. [ O ]  

6 Array [9 entries] 

UINP 

VINP 

WINP 

XSTRT 

YSTRT 

ZSTRT 

WTSTRT 

AGSTRT 

ESOUR 

Starting 

Starting 

Starting 

Starting 

Starting 

Starting 

S tiarting 

Starting 

Starting 

source 

source 

source 

source 

source 

s oiirce 

source 

source 

source 

particle X-direction cosine. 

particle Y-direction cosine. 

particle 2-direction cosine. 

particle X-coordinate. 

particle Y-coordinate. 

particle Z-coordinate. 

particle weight. 

particle age. 

particle energy in eV if ISOUR > 0. 

7 Jc Array [ 6  entries] 

TMAX Maximum C.P.U. time in minutes allowed for problem execution. 

TCUT Age in seconds at which particles are retired; if TCUT = 0, 120 

time kill is performed. 



ECUT 

ETHERM 

TEMP 

TOL 

Energy i n  eV below which p a r t i c l e s  a re  r e t i r e d ;  i f  ECUT = 0 ,  no 
energy k i l l  is performed. 

Thermal energy breakpoint i n  eV t o  invoke Free Gas Model 
s c a t t e r i n g .  

Temperature i n  degrees Kelvin used i n  Free G a s  Model, t o  
ca l cu la t e  thermal c ross  sec t ion .  

Frac t iona l  thinning tolerance used i n  mixing operat ions ( i f  
MACROS = 0 ) .  

T Data Block 1 Terminator 

FIDAS DATA BLOCK 2 

8 * Array [MAXGP + 3*MAXGP*MXREG] required if NSPLT + NKILL f NPAST 
> 0. 

RREL(I), I = l,MAXGP, Lower energy l i m i t s  i n  eV of energy 
i n t e r v a l s  o f  constant  weight s tandards.  
( Input  i n  descending o r d e r . )  

WTHI(I,J), I = l,MAXGP, Weight above which s p l i t t i n g  
J = 1,MXEtEG w i l l  occur.  

WTLO(I,J), I = l,MAXGP, Weight below which Russian 
J - 1,MXREG r o u l e t t e  i s  allowed. 

WTAV(I,J), I = l,MAXGP, Weight given those p a r t i c l e s  
J = 1,MXREG surviving Russian r o u l e t t e .  

9 9: Array [MAXGPWXREG] required if NSPLIT + NKILL + NPAST > 0. 

PATH(I,J), I - 1,MAXGP Path length s t r e t c h i n g  parameters 
J = 1,MXREG f o r  use i n  exponential  transform. 

10 $ Array [NMIX] 

KM(I), 1 = 1 , N M I X  Mixing t a b l e  medium numbers. 

11 $ Array [NMIX] 

KE(I), I = 1 , N M I X  Mixing t a b l e  element i d e n t i f i e r s ,  

12  * Array [NMIX] 
RHO(I), I = 1 , N M I X  Mixing t ab le  atom d e n s i t i e s  (atoms/b-cm). 

13 $ Array [NMIX] 

KZ(I), I = 1 , N M I X  Mixing t ab le  element charge numbers. 
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14 Jc Array [2*NGPFS] required if ISOUR = 0. 

ES(I),FS(I), I = 1,NGPFS Energy (in eV), probability pairs 
of source particles input in ascending energy 

15 * Array [NGPFS] required if ISOUR = 0 and ISBIAS = 1. 

RFS(I), I = 1,NGPFS The relative importance of a source 
particle at energy E S ( 1 ) .  

T Data Block 2 Terminatar 

COMBINATORIAL GEOMETRY INPUT INSTRUCTIONS 

CARD CGA: Format (215,10X,lOA6) 

IVOPT 

IDBG 

JTY 

Option which defines the method by which region volumes 
are determined; if 

0, volumes set equal to 1, 

1, concentric sphere volumes are calculated, 

2, slab volumes (1-di.m. ) are calculated, (not 
operational ) 

3 ,  volumes are input by card. 

If IDBG > 0, subroutine PR is called to print. results of 
combinatorial geometry calculations during execution. Use only 
for debugging. 

Alphanumeric title for geometry input (columns 21-80). 

CARDS CGB: Format (2X,A3,1X,I4,6Dl0.3) 

ITYPE Specifies body type or END to terminate reading of body 
data (for example BOX, RPP, ARB, etc.). Leave blank for 
continuation cards. 

IALP Body number assigned by user (all input body numbers must 
form a sequence set beginning at 1). If left bl.ank, numbers 
are assigned sequentially. Either assign all or none of the 
numbers. Leave blank for continuation cards. 

FPD(1) Real data required for the given body as shown in 
Table 20. This data inust be in centimeters. 

Note: One set of CGB cards is required for each body and for the 
END card (see Table 20). Leave columns 1-6 blank on all. 
continuation cards. 
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CARDS CGC: Format (2X,A3,15,9(A2,15)) 

IALP IALP must be a nonblank f o r  t he  f i r s t  card  of each s e t  o f  
cards  def in ing  an input  zone. If IALP i s  blank,  t h i s  card i s  
t r e a t e d  a s  a cont inua t ion  o f  t he  previous zone ca rd .  
IALP = END denotes the  end of zone desc r ip t ion .  

NAZ To ta l  number o f  zones t h a t  can be en tered  upon leaving any 
o f  t he  bodies def ined f o r  t h i s  input  region (some zones may 
be counted more than once).  Leave blank f o r  cont inua t ion  
cards  f o r  a given zone. ( I f  NAZ 5 0 on the  f i r s t  card  o f  
t he  zone card s e t ,  then it  i s  s e t  t o  5 . )  This i s  used t o  
a l l o c a t e  blank common. Al te rna te  IIBIAS(1) and J T Y ( 1 )  f o r  
all bodies def in ing  t h i s  input  zone. 

IIBIAS(1) Specify the ''OR" operator  i f  requi red  f o r  the  
J T Y ( 1 )  body, 

JTY( I) Body number with the (+) o r  ( - )  s ign  as requi red  f o r  
the  zone desc r ip t ion .  

Note: Input  zone s p e c i f i c a t i o n  cards .  One s e t  of cards  requi red  
f o r  each input  zone, with input  zone numbers being assigned 
sequen t i a l ly .  

CARDS CGD: Format (1415) 

MRIZ(1) M R I Z ( 1 )  i s  the  medium number i n  which t h e  " I th"  input  
zone i s  contained ( I  - 1, t o  the  number of  input  zones) .  
Region numbers must be sequen t i a l ly  def ined from 1. 

Cards CGE: Format (1415) 

MMIZ(1) MMIZ(1)  i s  the  medium number i n  which the  " I t h "  input  
zone i s  contained ( I  = 1, t o  the  number o f  input  zones) .  
Medium numbers must be sequen t i a l ly  def ined from 1. (Media 0 
i s  used f o r  an ex terna l  void and inedia 1000 i s  used f o r  
i n t e r n a l  v o i d s . )  

Cards CGF: Format (7D10.5) (Omit i f  IVKOPT f 3) 

VNOR(1) Volume of the  " I t h "  region ( I  = 1 t o  MXREG, the  number 
o f  r eg ions ) .  
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Table 20. Combinatorial Geometry Body Data Input 
Requirements in Program NEUTRON 

.... -- l_.__l .._ ~ _ . I  

Card Columns 

Bodv rvDe 3-5 7-10 11-20 21-30 31-40 41-50 51-60 61-70 Cards Needed 

....- _.. . .. . . 
ITYPE IALP Real Data Defining Particular Body Number of 

Box 

Right Parallele- 
piped 

Sphere 

Right Circular 
Cylinder 

Right Elliptic 
Cylinder 

Ellipsoid 

Truncated 
Right Cone 

Right Angle 
Wedge 

Arbitrary 
Polyhedron 

Termination of 
Body Input Data 

BOX 

RPP 

SPH 

RCC 

REC 

ELL 

TRC 

WED 

ARB 

END 

IALP is Vx 
assigned H2x 
by the Xmin 
user or 
by the 
c d e i f  Vx 
left 
blank. Vx 

n 

vx 
Rlx 

V l x  
L 

vx 
L1 

v x  
H2x 

V l x  
v3x 
v5x 
v7x 

v z  
H2z 
Ymin 

v z  

v z  

v z  
Rlz 

Vlz 

VZ 

v z  
H2z 

Vlz 
v3z 
v5z 
v7z 

Hlx  
H3x 
Ymax 

R 

Hx 

Hx 
R2x 

v2x 

H X  

Hlx 
H3x 

v2x 
v4x 
V6x 
V8x 

H l z  
H3z 
Zmax 

Hz 

Hz 
R2z 

v2z 

Hz 

Hlz  
H3z 

v2z 
v4z 
V6z 
V8z 

Face Descriptions (see note below) 

1 o f 2  
2 of 2 
1 

1 

1 o f 2  
2 of 2 

10f2 
2 of 2 

1 of 2 
2 of 2 

1 o f 2  
2 of 2 

10f2 
2 of 2 

10f5 
2 of 5 
3 of 5 
4 of 5 

NOTE: Card 5 of the arbitrary polyhedron input contains a four-digit number for each of the six faces of an ARB 
body. The format is 6D10.3, beginning in column 11. See the ARB write-up in Ref. 4 for an example. 
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. .  

5.3 Input Data Notes 

All the input arrays except the title card, random number seed, 

For and the combinatorial geometry input use the FIDO input system. 

completeness, a description of  FIDO formats and operators is given 

in Appendix B. 

NSTRT When reading a HETC tape, NSTRT must be greater than or 

equal to the maximum number of 0 5 R  neutrons in any batch. 

NMOST, NMOSTG, NMOSTR The choice for these three parameters is 

problem dependent and usually requires a small sample run to 

optimize available core space. If biasing i.e. Russian 

roulette, splitting, etc., i s  not involved, NMOST can be set to 

NSTRT+l. NMOSTG is determined by the number o f  secondary 

photons produced per source neutron. NMOSTR is determined by 

the number of collisions per source neutron. 

parameters are dependent on available core space. In most 

problems, multiple scattering will dominate the neutron 

interaction process, and therefore NMOSTR will determine NMOST, 

NMOSTG, and subsequently NS'CRT. 

NITS When reading a HETC tape, NITS must be less than or equal 

to the number of HETC batches completed. 

NPHOTN, NHEAVY These two print triggers are used to check the 

contents of the secondary photon production and recoil heavy 

i on  and charged particle production tapes. 

with caution since large amounts o f  output are possible. 

2$ Array The contents of  this array set up the parameters used 

in the various biasing schemes present in most Monte Carlo 

All three 

They should be used 
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codes. The programming for these biasing schemes is included 

in this version o f  MICAP but has not been tested. 

MEDIA 

from the macroscopic total cross section input unit. 

MGSCR, MRSCR These t w o  input/output units are not used i n  

standard problem execution. Therefore job control language 

(JCL) is not required. 

MHETC The current version requires MHETC to be greater than or 

equal to 58 if a buffered METC tape is to be processed. IF 

MHETC is less than 58, a standard FORTRAN 1/0 tape is read. 

Typically, MHETC = 59 implies buffered tape and MHETC = 9 

irnpl.ies standard FORTRAN 1/0 tapes. IF an HETC tape is not 

being processed be sure MHETC !-= 0 .  

5$ Array Setting any of these parameters to one provides 

printed output of that portion of the microscopic cross section 

data set. Caution must be used with some of the f l a g s  due to 

large amounts of output. 

U I N P ,  V I N P ,  W I N P ,  U W  These parameters can be over-ridden in 

subroutine if the problem requires more than a mono-direc tional 

source. 

XSTRT, YSTRT, ZSTRT These parameters can be over-ridden i.n 

subroutine XYZ if the problem requires more than a point 

source. 

lo$, ll$, 12*, and 13$ Arrays The mixing tab1.e must. mirror 

the mixing operations performed on the pre-mixed macroscopic 

total cross section data set (if pre-mixing was perforined) . 

This parameter should match the number of media read in 
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14$ Array The first probability must be equal to zero. 

5.4 1/0 Pile Requirements 

- 
File Unit Description Required 

INN 

IOUT 

MGEOM 

MGAMMA 

MHEAVY 

MICROS 

MACROS 

MG S CR 

MRS CR 

MHETC 

5 

6 

16 

17 

18 

7 4  

7 5  

19 

20 

9 or 59 

Card Input 

Printed QuLput 

Geometry Data Scratch Unit 

Secondary Photon Production 
Output Unic 

Recoil Heavy Ion and Charged 
Particle Production Output: Unit 

Microscopic: Cross  Section 
Input Unit 

Macroscopic Cross Section 
Input Unit 

Secondary Photon Production 
Scratch Unit 

Recoil Heavy Ion and Charged Particle 
Production Scratch Unit 

HETC Source Input Tape 

Always  

Always 

Always  

Always 

A l w a y s  

Always 

IF > 0 

I F  > 0 

IF > 0 

IF > 0 

5.5 JCL Requirements 

The j o b  control language (JCL) needed to run a NEUTRON case at 
X-10 is: 

(Job card, route and jobparm cards) 
//NEUTRON EXEC PGM=NEUTRON,REGIOPJ”=2048K 
//STEPLIB DD DSN=X.JQJ24337.PROG,DTSP-SHR 
//FT05F001 DD DDNAME-SYSIN 
//FT06F001 DD SYSOUT=A 
(DD cards for logical units 16, 1 7 ,  18, 7 4 )  
(DD cards for logical unit 75 if pre-mixing is performed) 
(DD cards for logical unit 9 or 59 if a HETC tape is processed) 
//SYSIN DD * 
(Input Cards) 
/* 
// 



5 . 6  KampAe Problem 

A complete listing of the JCL and input cards for the sample 

problem is given in Figure 12 and some selected output is shovn in 

Figure 13. The saiiiple problem demonstrates the calculation of an 

ionization chamber in a 2 5 2 C f  neutron source field. The problem 

further demonstrates the user over-ride capability for the input 

s o u r  c e d i s t r i bu t i o n  . 
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//JOJNUTRN JOB (24337,102),'50 JOHNSON 6025',TIME=(0,10) 
/:?ROUTE PRINT RMT84 
/:WOUTE PUNCH RMT84 
//A EXEC FORTQCLG,REGION=2048K 
//FORT. SYSIN DD ik  

SUBROUTINE XYZ(XSTRT,YSTRT,ZSTRT,X,Y,Z) 
DATA xMAx/3.2131/,YMAx/3.2131/,RMAx/3.2131/ 

20 R=FLTRNF(O) 
X = m - 2 . O * m A R  
R=FLTKNF(O) 
y=yw- 2 . O3:W;kR 
IF((F;:*2+Y**2) .GT. ( R M A X > W 2 ) ) G O  TO 20 
Z=ZSTRT 
RETURN 
END 

/ ;? 
//LKED.LMOD DD DSN=X.JOJ24337.PROG,DISP=SHR 
//LKED.SYSIN DD 9: 

INCLUDE LMOD(NEUTR0N) 
ENTRY W I N  

//GO.FT05F001 DD DDNAME=SYSIN 
//FT06F001 DD SYSOUT=A 
//FT16F001 DD UNIT-SYSDA,DISP-(NEW,KEEP), 
// DSN=&&GEOM,SPACE=(TRK,(40,20)), 
// DCB=(RECFM=VBS,LRECL=X,BLKSIZE=6447,BUFL=8184,BUFNO=l) 
//FT17F001 DD UNIT=SYSDA,DISP-(NEW,KEEP), 
// DSN=&&GAMMA,SPACE-(TRK,(50,10)) ,  
// DCB=(RECFM=VBS,LRECL=X,BLKSIZE=6447,BUFL=8184,BUFNO=l) 
//FT18F001 DD UNIT=SYSDA,DISP=(NEW,KEEP), 
// DSN-&&HEAVY,SPACE-(TRK,(50,10)), 
// DCB-(RECFM=VBS,LRECL-X,BLKSIZE-6447,BUFL=8184,BUFNO=l)  
//FT74F001 DD DSN-MEN.X1O.JOJ.ICOM.MICROS,DISP-SHR 
//FT75F001 DD DSN=MEN.X10.JOJ.TE50.WCROS,DISP=SHR 
//SYSIN DD ;? 

AB54C7879122 
1 $ $  1001 200 210 100 600 5 1 0  0 0 
2$$0 0 0 0 0 0 
1 3 $ $  6 1 9  1 0  52 0 
4 $ $  5 6 16 17 18 7 4  75 19 20 0 
5$$0 0 0 0 0 0 0 0 
6:?* 0.0 0.0 1.0 0 . 0  0 . 0  0.0 1.0 0 . 0  0 . 0  
7:?* 10.0 0.0 1.00E-05 0.0 300.0 0.001 
'r 

AFRRI SOCC TE-TE IONIZATION C W B E R  IN NBS CF-252 FIELD 

1 0 $ $ 1 2  2 2 2 3 3 3 3 3 3 4 4 5 5 5 6 6 6 
11$$ 13027 1001 6000 7014 8016 1001 6000 7014 8016 9019 20000 

1001 6000 7014 8016 18000 1001 6000 8016 

Figure 12. Complete Listing of JCL and Input for NEUTRON 
Sample Problem. 
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1 2 7 k ; t  6 . 0 2 6 8 - 2  6 . 9 3 6 7 - 5  2 .6024-5  1 . 7 1 2 9 - 6  1 . 7 4 3 8 - 5  
6 . 8 7 1 1 - 2  4 . 3 4 1 6 - 2  1 . 7 4 5 2 - 3  2 . 5 0 3 9 - 3  6 .0758-4  3 . 0 4 9 4 - 4  
4 .9054-2  4 . 9 0 5 4 - 2  4 . 2 0 2 8 - 5  1 . 1 2 7 5 - 5  2 . 5 0 2 6 - 7  
4 . 2 0 6 1 - 2  5 . 0 4 7 3 - 2  8 . 4 1 2 2 - 3  

1 3 $ $ 1 3  1 6  7 8 1 6  7 8 9 20 1 6  7 8 1 8  1 6  8 
14;ta 

1..0000E-11 0 . 0  1.0000E+03 1 .0741E-05 3.0000E+03 
4 .5124E-05  5.0000E+03 6 .4463E-05  7.0000E+03 7 .9202E-05 
1.0000E-t-04 1 .4169E-04  3.0000E+04 1 .4497E-03  5.0000Et-04 
2 .0999E-03  7.0000E+04 2 .6145E-03 1.0000E+05 4 .7506E-03  
2.0000Et-05 2 .1850E-02 2.5000E+05 1.39!+8E-02 3.0000E+05 
1 .5266E-02  4.0000E+05 3 .2319E-02 5.0000E+05 3 .3717E-02  
6.0000E+05 3 .4282E-02 7.0000E+05 3 .4265E-02 8.0000E+05 
3.3831E-02 1.0000E+06 6 .6338E-02 1.2000E+06 6.404OE-02 
1.4000E+06 6.0781E-02 l a5000E+06  2.8991E-02 1.6000E+06 
2 . 7 9 6 9 s - 0 2  1.8000E+06 5 .2706E-02 2.0000E+06 4 .8399E-02 
2.2000E+06 (+.4196E-02 2.3000E+06 2 .0576E-02 2.4000E-1-06 
1 .9597E-02  2.6000E+06 3.6379E-02 2.8000E+06 3 .2837E-02 
3.0000E+06 2 .9558E-02 3.4000E+06 5 .0330E-02  3.7000E+06 
3 .1046E-02 4.2000E+06 4 .1259E-02 4.6000E+06 2 .5342E-02 
5.0000E+06 1 .9968E-02 5.5000E+06 1 .9036E-02 6.0000E+06 
1 .4007E-02  6.5000E+06 1 .0195E-02  7.0000E+06 7 .3399E-03 
7.5000E.i-06 5 .2700E-03 8.0000E+06 3 .7751E-03 8.5000E+06 
2 .6983E-03  9.0000E+06 1 .9251E-03  9.5000E+06 1 .3712E-03  
1.0000E+07 9.7522E-OLt 1.1000E+07 1 .1842E-03  1.2000E+07 
5 .9483E-04  1.3000E+07 2 .9768E-04 1.4000E+07 1 . 4 8 4 8 E - 0 4  
1.6000E-t07 1 .1051E-04  1.8000E+07 2 .7117E-05 

T 
0 0 AFRRI 50CC IONIZATION CHAMBER (0.OCM BUILD-IJP C A P )  

RPP 1 -10 .0  10.0 -10.0 10.0 0.0 2 0 . 0  
SPH 2 0.0 0.0 1 0 . 0  3 . 2 1 3 1  
S PH 3 0.0 0.0 1 0 . 0  2 .49936  
SPH 4 0 . 0  0.0 1 0 . 0  1 . 5 0 1 1 4  
RCC 5 0 . 0  0 . 0  1 0 . 0  - 6 . 3 5  0 . 0  0 . 0  

RC C 6 - 1 . 2 7  0 . 0  1.0.0 - 1 . 2 7  0 . 0  0 . 0  

RC C 7 -2 .38125  0 . 0  10 .0  - 1 , 1 9 0 6 2 5  0 . 0  0 . 0  

RCC 8 - 2 . 5 4  0 . 0  1 0 . 0  - 1 . 6 6 6 8 7 5  0 .0  0 . 0  

RC C 9 - 3 . 3 3 3 7 5  0 . 0  1 0 . 0  -1 .349375  0 . 0  0 . 0  

RCC 10 -2 .460625  0 . 0  1 0 . 0  - 0 . 9 5 2 5  0 . 0  0 . 0  

RCC 11 -4.52Lt375 0 . 0  1 0 . 0  -0 .555625  0 . 0  0 . 0  

RCC 1 2  -5 .000625  0.0 1 0 . 0  -0 .714375  0 . 0  0 . 0  

0 . 1 5 8 7 5  

0 . 4 7 6 2 5  

0 . 3 1 7 5  

1 . 7 4 6 2 5  

0 . 6 3 5  

0 . 4 7 6 2 5  

0 .555625  

0 , 3 9 6 8 7 5  

Figure 12. (continued). 



RCC 

RC c 

13 -4.1275 
1.666875 

0.873125 

0.635 

0.635 

1.666875 

0.79375 

0.635 

0.47625 

0.873125 

1.74625 

14 - 3.175 

15 -2.460625 

16 -4.60375 

17 -4.92125 

18 -4.60375 

19  -5.87375 

20 -5.000625 

21 -2.2225 

22 -4.1275 

23 -500.0 

0.0 10.0 -0.873125 0 . 0  0.0 

0.0 10.0 -1.031875 0 .0  0.0 

RC C 0.0 10.0 -0.73375 0.0 0.0 

RCC 

RCC 

0.0 10.0 -1.34937s 0 . 0  0.0 

0 . 0  10.0 -0.47625 0 . 0  0.0 

RCC 0.0 10.0 -1.74625 0.0 

0 . 0  

0.0 

0.0 RC c 0.0 10.0 -0.47625 

RCC 0 . 0  10.0 -0.9525 0 .0  0 . 0  

RCC 0.0 10.0 -1.031875 0.0  

0 . 0  

0.0 

KCC 0.0 10.0 -2.2225 0.0 

RPY 
END 
AIR 
WAL 
GAS 
COL 
ROD 
POL 

500.0 -500.0 500.0 -500.0 500.0 

OOR 1 
OOR 2 
OOR 3 
OOR 4 
0 5 
OOR 9 
OR 12 

OOR 13 
0 16 
OOR 19 
OOR 17 
0 23 

-2 -8 -220R 22 - 13 
- 3  - 14 -210R 8 - 14 
-4  -6 -1SOR 21 - G  
-50R 6 -5 -100R 7 

- 17 
- 21 
- 14 
-5 

- 18 
- 22 
- 15 

-5 -7 -160K 10 -5 
-5 
-9 - 17 -180R 14 -9 
-11 - 19 - 20 
-5OR 20 -5 - 11 - 12 

-16OR 18 -9 - 16 - 1 9  
-1 

- 70R 11 -5 

10 INS 
BKS 
LUC 
s LV 
VD 
END 
1 
5 

/ >t 
// 

- lOOR 15 

1 1 1  
3 2 3 

1 1 1 1 1 1  
1 4 6 1 6 1 

1 
0 

Figure 1 2 .  (continued). 



AFRRI 50CC TE. 
1 s  ARRAY 
23 ARRAY 
3s ARRAY 
43 ARRAY 
53 ARRAY 
6. ARRAY 
7 8  ARRAY 
OT 
10s ARRAY 
11s ARRAY 
12. ARRAY 
1 3 8  ARRAY 
141 ARRAY 
OT 

-TE IOllIEATION CHAMBER IN NBS CF-252 FIELD 
10 ENTRIES READ 
6 ENTRIES READ 
6 ENTRIES READ 
9 ENTRIES READ 
8 ENTRIES READ 
9 ENTRIES READ 
6 ENTRIES READ 

19 ENTRIES READ 
19 ENTRIES READ 
1 9  ENTRIES READ 
1 9  ENTRIES READ 

104 ENTRIES READ 

AFRRI 50CC TE-TE IONIZATION C W B E R  IN NEB CP-252 FIELD 
1 s ARRAY 

NCASE 

NSTRT 

M O S T  

MOSTG 

MOSTR 

NITS 

NQUIT 

NPHOTN 

NHEAVY 

NSOUR 

CASE NUMBER FOR RUN 

NUHBER OF PARTICLES PER BATCH 

HAXIMUM NUMBER OF NEUTRONS PER BATCH ALLOWED 

MAXIMUM NUMBER OF SECONDARY PHOTONS PER BATCH ALLOWED 

MAXIHUH NUMBER OF RECOIL HEAVY IONS PER BATCH ALLOWED 

NUMBER OF BATCHES PER SET 

NUHBXR OF SETS OF BATCHES 

SECONDARY PXOTON PRODUCTION TAPE CHECK INDICATOR 

RECOIL HEAVY ION PRODUCTION TAPE CHECK INDICATOR 

PIXED SOURCE INDICATOR 

WEDNSSDAY, AUGUST 27 .  1986 

WEDNESDAY, AUGUST 27. 1986 

1001 

a 0 0  

21 0 

100 

600 

5 

1 

0 

0 

0 

ic) 
m 

Figure 1 3 .  L is t ing  of Selected Output from NEUTRON Sample 
Problem. 



ATRRI 50CC TB-TE IONIIATION CXAWBER IN NBS CF-252 FIELD 
2 t ARRAY 

NSPLT SPLITTING INDICATOR 

RKILL RUSSIAN ROULETTE INDICATOR 

NPAST EXPONENTIAL TRANSFORM INDICATOR 

NOLEAK NOW-LEAKAGE INDICATOR 

IIBIAS SNERGY BIAS INDICATOR 

MAXGP NUMBER 01 GROUPS FOR RR. SPLITTING, OR EXPFORM 

AFRRI 50CC TE-TE IONIEATION CHAMBER IN NBS CF-252 FIELD 
3 t ARRAY 

MEDIA NUMBER OT CROSS GECTION MEDIA 

NMIX NUMBER OT MIXING OPERATIONS 

=REG NUMBER OF REGIONS 

IGOUR MONOENBRGETIC SOURCE INDICATOR 

NGPFS NUMBER OF INPUT SOURCE GROUPS 

ISBIAS SOURCE ENSRGY BIAS INDICATOR 

WEDNESDAY, AUGUST 27, 1986 

WEDNESDAY, AUGUST 27, 1986 

6 

19 

1 

0 

52 

0 

Figure 13. {continued). 



AFRRI 50CC TE-TE IONIZATION CWAnBER IN NBS CF-252 FIELD 
4 I ARRAY 

INN INPUT UNIT 

IOUT PRINTED OUTPUT UNIT 

HGEOW GEOMETRY DATA INPUT SCRATCH UNIT 

MGCAIIIU. SECONDARY PHOTON OUTPUT UNIT 

W E A V Y  RECOIL NEAVY ION OUTPUT UNIT 

MICROS WICROSCOPIC CROSS SECTION INPUT UNIT 

MACRO6 PREMIXED TOTAL CROSS SECTION INPUT UNIT 

HGSCR SECONDARY PHOTON SCRATCH UNIT 

PlffSCR RECOIL HEAVY ION SCRATCH UNIT 

AlRRI SOCC TX-TE IONIZATIOM CHAMBER IN NBS CP-252 FIELD 
5 8 ARRAY 

IPRTNX PRINT NEUTRON CROSS SECTIONS 

IPRTNA PRINT NEUTRON ANGULAR DISTRIBUTIONS 

IPRTNE PRIYT NEUTRON SECONDARY ENERGY DISTRIBUTIONS 

IPRTPP PRINT AVERAGE PHOTON PRODUCTION ARRAY 

IPRTNP PRINT TOTAL NEUTRON DISAPPSARANCB ARRAY 

IPRTGX PRINT PHOTON CROSS SECTIONS 

IPRTGE ORXNT PHOTON SECONDARY ENERGY DISTRIBUTIONS 

IPRTHX PRINT MIXTURE MCROSCOPIC TOTAL CROSS SECTIONS 

WEDNESDAY, AUGUST 2 1 ,  1986 

5 

6 

1 6  

1 7  

18 

7Y 

7 5  

19 

20 

WEDNESDAY, AUGUST 27, 1986 UJ 
m 

Figure 13. (continued) 



AFRRI 5oCC TI-TI IONIZATION CHAMBER IN NBS CF-252 PIKLD 
6 * ARRAY 

UINP SOURCE X-DIRECTION COSINE 

VIlP SOURCE Y-DIRSCTION COSINE 

WINP SOURCK E-DIRKCTION COSINE 

XSTRT SOURCE X-COORDINATK 

YSTRT SOURCE Y-COORDINATE 

ZSTRT SOURCE Z-COORDINATE 

WTJTRT SOURCE PARTICLK WEIGHT 

AGSTRT SOURCg AGE 

ESOUR SOURCE ENERGY 

AFRRI 50CC TE-TK IONIZATION CHAMBER IN NBS CF-252 FIELD 
7 * ARRAY 

TUAX NAXIMUM IBH CPU TINE 

TCUT PARTICLE AGE CUT-OFF 

ECUT PARTICLE ENERGY CUT-OFP 

ETHERM THERMAL ENERGY DEFINITION POINT 

TEMP TEIIPKRATURE (DEGRSES KELVIN) 

TOL THINNING TOLSRANCE FOR MIXING 

WEDNESDAY, AUGUST 27, 1986 

0.0 

0.0 

1.oooos+oo 

0.0 

0.0 

0.0 

1.0000E+00 

0.0 

0.0 

1.00001+01 

0.0 

1.0000B-05 

0.0 

3.0000E.tO2 

1.0000E-03 

WEDNESDAY, AUGUST 27, 1986 

Figure 13. (continued). 



APRRI 5OCC TE-TE IOMIZATION CHAXBER IN NES CP-252 FIELD 
10 2 ,  1 1  $, 1 2  * ,  AND 13 L ARRAYS 

CROSS SECTION HIXXNG TABLE 

nmxun 

1 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

4 

4 

5 

5 

5 

6 

6 

6 

BLEHBNT 

1 3 0 2 7  

1001 

6000 

7 0 1 4  

8016 

1001 

6000 

701 0 

8 0 1 6  

9 0 1 9  

zoooo 

IO01 

6000 

7 0 1 4  

B O 1  6 

18000 

1001 

6 0 0 0  

8016 

NUMBER DENSITY 

6 . 0 2 6 8 E - 0 2  

6.936713-05 

2 . 6 0 2 4 E - 0 5  

1.712913-06 

1 . 7 4 3 8 1 - 0 5  

6.877113-02 

4 . 3 4 1 6 1 - 0 2  

3 . 7 4 5 2 1 - 0 3  

2 . 5 0 3 9 1 - 0 3  

6 . 0 7 5 8 E - 0 4  

3 . 0 4 9 9 E - 0 4  

4.9054E-02 

4 . 9 0 5 4 3 - 0 2  

4 . 2 0 2 8 E - 0 5  

1 . 1 2 7 5 1 - 0 5  

2 . 5 0 2 6 ~ - 0 7  

4.2061E-02 

5.04731-02 

8 . 4 1  2235-03 

Figure 13. 

Z-NWXBER 

1 3  

1 

6 

7 

8 

1 

6 

7 

8 

9 

20 

7 

6 

7 

8 

1 5  

1 

6 

8 

(continued) . 

WEDNESDAY, AUGUST 27, 1 9 8 6  
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RCC 19 -5.87375000+00 0.0 1.OOOOOOOD+O1 -4.7625OOOD-01 0.0 0.0 
6.35OOOOOD-01 

4.7625000D-01 

8.73125000-01 

1.7462500D+00 

RCC 20 -5.0006250D+00 0.0 

RCC 21 -2.22250OOD+OO 0.0 

RCC 22 -4.1275000D+00 0.0 

1.OOOOOOOD+O1 -9.52500000-01 0.0 

1.OOOOOOOD+O1 -1.0318750D+OO 0.0 

1.0000Q00Di01 -2.2225000DiOO 0.0 

0 . 0  

0 . 0  

0 . 0  

6 1  

70 

79 

88 

PPB 23 -5.0000000D+02 5.000000QD+02 -5.0000000D+O2 5.OOOOOOOD+O2 -5.0000000D+O2 5.0000000D+O2 197 
BND 24 0.0 0.0 

NUHBKR OF BODIES 23 
0 .0  0 . 0  

LENGTH 01 IPD-ARRAY 210 

APRRI 50CC IONIZATION CHAEBER to.ocn BUILD-UP CAP) 

XNSBUT EONE DATA 

AIR OOR 
WAL OOR 
GAS OOR 
COL OOR 
ROD 0 
POL OOR 

OOR 
INS OOR 
BRS 0 
LUC OOR 
SLV OOR 

END 0 
vn o 

1 
a 
3 
4 
5 
9 
12 
1 3  
16 
1 9  
17 
23 

0 

-2 
-3 
-4 
-50R 
0 

-5 
- 5  
-9 

-1 1 
-50R 

-160R 
-1  

0 

-8 
- 1 4  

-6  

6 
0 

-7 
0 

-1 7 
-1 9 
20 
18 
0 
0 

NUMBER 01 INPUT ZOHES 1 1  

NUHBER O? CODE ZONES 23 

LENGTH OF INTEGER ARRAY 575 

-220R 
-210R 
-150R 

-5 
0 

- 160R 
0 

-180R 
-20  
-5 
- 9  

0 
0 

22 
8 

21 
-1OOR 

0 
10 
0 
14 
0 

-1 1 
- 1 6  

0 
0 

-13 
-14 
-6 
7 
0 

-3 
0 

-9 
0 

-1  2 
- 1 9  

0 
0 

-1 7 
-21 
-1 4 
-5 
0 

-7OR 
0 

-1 OOR 
0 
0 
0 
0 
0 

-18 
-22 
-1 5 

0 
0 

1 1  
0 

15 
0 
0 
0 
0 
0 

0.0 0.0 205 

011 
0 2 3  
0 6 5  
0 6 7  
0 E 10 

-5 E 1 1  
0 6 1 4  

- 1 0  6 I5 
0 E 18 
0 Z 19 
0 6 21 
0 Z 23 
0 6 24 

t-J 
0 c- 

Figure 13. (continued). 



AFRRI 50CC IONIZATIOW CHMBSR tO.OCM BUILD-UP CAP) 

CODE ZONE INPUT ZONE ZONE DATA LOCATIONS NUMBKR OF BODIES 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
1 3  
14  
1 5  
16 
17 
18 
19 
20 
21 
22 
23 

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

9 
9 

10 
10 
11 

e 

162 
179 
196 
21 3 
230 
24 7 
264 
273 
286 
295 
300 
31 7 
330 
339 
3 4 P  
365 
378 
387 
409 
41 3 
430 
439 
456 

4 
4 
4 
4 
4 
4 
2 
3 
2 
1 
4 
3 
2 
2 
11 

3 
2 
9 
2 
4 
2 
4 
2 

REGION NUMBER 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

S 
S 
3 
3 
2 
2 
3 
3 
3 
1 
4 
4 
4 
4 
€ 
6 
6 
1 
6 
6 
1 
1 
0 

Figure 13. (continued) 



AFPRI 50CC IONIZATION CHAUBER tO.OCU BUILD-WP CAP) 

I 
1 
2 
3 
9 
5 
6 

7 
8 

9 
10 
1 1  

KR1 (I) KPZ(1) 
1 2 
3 9 
5 6 
7 9 

10 10 
1 1  14 
15 1 7  
18 18 
19 20 
21 22 
23 23 

MORSE REGION IN INPUT ZONE(1) ARRAY URIZ(I),I=l,ll) 

1 1 1 1 1 1 1 1 1 1 1  

HORSE UEDIA IN INPUT ZONEII) ARRAY ?lMIZ(1),1=1,11) 

5 3 2 3 1 4 6 1 6 1 0  

OPTION 0 WAS USED IN CALCULATING VOLUMES FOR 1 REGIONS 

0-SKT VOLUULIS = 9 ,  1-CONCENTRIC SPHERES, 2-SLABS, 3-INPUT VOLUUES. 

VOLUUES (CM**) USED IN COLLISION DENSITY AND TRACK LENGTH ESTIUATORS. 

REGION 1 
VOLUUE l.OOOD+OO 

Figure 13. (continued). 



AFRRI 50CC TE-TE IONIZATION CHMBER IN NBS CF-252 FIELD 

TOTAL CORE STORAGE SPACE AVAILABLE= 

LENGTH OF NON CROSS SECTION DATA= 

LENGTX O? GEOMETRY DATA ARRAYS= 

LENGTH OF 1-D CROSS SECTION ARRAYS= 

LENGTH OF ANGULAR DISTRIBUTIONS= 

LENGTH OF SECONDARY ENERGY DISTRIBUTIONS= 

TOTAL LENGTH OF MICROSCOPIC DATA ARRAYS= 

LENGTH OF PHOTON PRODUCTION ARRAYS= 

LENGTH OF NEUTRON DISAPPEARANCE ARRAYS= 

LEPlGTH O? THERHAL DATA ARRAYS= 

LENGTH OF PHOTON CROSS SECTION ARRAYS= 

LENGTH OF PHOTON SECONDARY ENERGY DIST.= 

LENGTH O? HIXTURE CROSS SECTION DATA= 

TOTAL LENGTH OF MACROSCOPIC DATA= 

TIME REQUIRED ?OR INPUT WAS LESS THAN ONE SECOND. 

U3366U 

25959 

1202 

52378 

67914 

4643 

236126 

6912 

10914 

0 

63771 

30094 

12654 

12654 

WEDNESDAY, AUGUST 27, 7986 

Figure B-13. (continued). 



AFRRI 50CC TE-TI IONIEATION CHAFIBER IN NBS CF-252 FIELD WEDNESDAY, AUGUST 27, 7986 
____-_______________---_---------- START BATCH NUMBER 1 RANDOM NURBER= AB54C7879122 .................................. 
AVERAGE SOURCE PARAMETERS FOR THE BATCH 

AVERAGE AVERAGS 
WEIGHT X-DIRECTION 

AVERAGE AVERAGS 
Y-DIRECTION Z-DIRECTION 

AVERAGE 
AGE 

1.0OOOE+00 0 . 0  0 . 0  9.0000E+00 0 . 0  
AVERAGE AVERAGE AVERAGE AVERAGE 

Y-COORDINATE I-COORDINATE ENERGY X-COORDINATE 

2.31 04E+06 4.02951-02 -9.4087E-02 0.0 

SUMUARY COUNTERS OF EVENTS FOR THE BATCH 

SOURCES SPLITTINGS FISSIONS GAMUA RAYS 
GENERATED OCCURRING OCCURRING GENERATED 

200 0 0 1 
PARTICLE ENERGY TIME RUSSIAN ROULETTE 
ESCAPE S CUTOFFS CUTOFFS KILLS 

198 1 0 0 

TIME REQUIRED FOR THE PRECEEDING BATCH WAS LESS THAN ONE SECOND. 

t- 
0 
03 

REAL ALBEDO BOUNDARY 
COLLISION6 SCATTERINGS CROSSINGS 

302 0 80 1 
RUSSIAN ROULETTE GAHHA RAYS 

SURVIVORS NOT STORED 

0 0 

Figure 13. (continued). 



AVERAGE SOURCE PARAMETERS FOR THE BATCH 
AVERAGE AVERAGE AVERAGE 
WEIGHT X-DIRECTION Y-DIRECTION 

AVERAGE AVERAGE 
Z-DIRECTION AGE 

1.0000E+00 0 . 0  0 . 0  1.0000E+00 0 .0  
AVERAGE AVERAGE AVERAGE AVERAGE 
ENERGY X-COORDINATE Y-COORDINATE Z-COORDINATE 

2.27241+06 9.5567E-02 -8.9154E-02 0.0 

SUXMARY COUNTERS OF EVENTS FOR THE BATCH 

SOURCES SPLITTING8 FISSIONS GAMMA RAYS REAL ALBEDO BOUNDARY 
GENERATED OCCURRING OCCURRING GENERATED COLLISIONS SCATTERINGS CROSSINGS 

200 0 0 1 291 0 824 
PARTICLE ENERGY TIME RUSSIAN ROULETTE RUSSIAN ROULETTE G A E W  RAYS 
ESCAPES CUTOFFS CUTOFFS KILLS SURVIVORS NOT STORED 

199 1 0 0 0 0 

TIME REQUIRED FOR THE PRECEEDING BATCH HAS L8SS THAN ON8 SECOND. 

Figure 13. (continued). 



AVERAGE SOURCE PARAUETERS FOR THB BATCH 
AVBRAGE AVERAGE AVERAGE 
WEIGHT X-DIRECTION Y-DIRECTION 

AVERAGE 
L-DIRECTION 

AVERAGE 
AGE 

1.0000E+00 0 . 0  0 . 0  1 .0000Et00 0 . 0  
AVERAGE AVERAGE AVERAGE AVERAGE 
ENERGY X-COORDINATE Y-COORDINATE Z-COORDINATE 

1.8533E+06 2 . 0 6 1 4 3 - 0 2  - a . 8 5 7 i B - 0 2  0.0 

SUUIYARY COUNTERS OF EVENT6 FOR THE BATCH 

SOURCES SPLITTINGS PI SSIONS GAKUA RAYS REAL ALBEDO BOUNDARY 
GENERATED OCCURRING OCCURRING GENERATBD COLLISIONQ SCATTERING6 CROSSINGS 

200 0 0 0 31  7 0 81 1 
PARTICLE ENERGY TIUE RUSSIAN ROULETTE RUSSIAN ROULETTE G M H A  RAYS 
ESCAPES CUTOFFS CUTOFFS KILLS SURVIVORS NOT STORED 

1 9 9  1 0 0 0 0 

TIME REQUIRED FOR THE PRBCEBDING BATCH WAS LESS THAN ONE SECOND. 

Figure 13. (continued}. 
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AFRRI 50CC TE-TB IONIZATION CHMBER IN NBS CF-252 FIELD WEDNESDAY, AUGUST 27, 1986 
.................................. START BATCH NUMBER 5 RANDOH NUXBER= 54AC95A4EACA .................................. 
AVERAGE SOURCE PARAXETERS FOR TXE BATCH 

AVERAGE AVERAGE 
WEIGHT X-DIRECTION 

AVERAGE 
Y-DIRECTION 

AVERAGE 
Z-DIRECTION 

AVERAGE 
AGE 

1.0000E+00 0.0 0.0 1.00OOEt00 0.0 
AVERAGE AVERAGE AVERAGE AVERAGE 
ENERGY X-COORDINATE Y-COORDINATE 8-COORDIHATE 

2.0629E+06 -8.94271-02 8.19421-02 0.0 

SUWXLLRY COUNTERS OF EVENTS FOR THE BATCH 

SOURCES SPLITTINGS FISSIONS GAPMA RAYS REAL ALBEDO BOUNDARY 
CROSS INGB GENERATED OCCURRING OCCURRZNG GENERATED COLLISIONS SCATTERINGS 

200 0 0 1 349 0 854 
PARTICLE ENERGY TIMB RUSSIAN ROULETTE RUSSIAN ROULETTE G m  RAYS 

NOT STORED SURVIVORS ESCAPES CUTOFFS CUTOFFS KILLS 

199 0 0 0 0 0 

TIWE REQUIRED FOR THE PRECEEDING BATCH WA$ LESS THAN ONE SECOND. 
TIME REQUIRED FOR THE PRECEEDING 5 BATCHES WAS 4 SECOHDS. 
THE NEXT RANDOM NUXBER If 9AAAOFBP135A 

AFRRI 5OCC TE-TE IONIZATION CHAHBER IN NBS CP-252 FIELD 

NEUTRON DEATHS NUXBER 

KILLED BY RUSSIAN ROULETTE 0 

ESCAPED THE SYSTEX 994 

REACHED ENERGY CUTOFF 4 

REACHED TIMB CUTOFF 0 

WEIGHT 

0.0 

9.94003+02 

4.0000E+00 

0.0 

WEDNESDAY, AUGUST 27, 1986 

P 
P 
N 

Figure 13. (continued) 



AFRRI 50CC TE-TI( IONIIATION CHAMBER IN NBS CF-252 FIELD 

NUMBER OF INT8RACTIONS (BY MEDIUM) 
MWIUM NUMBER 

1 4 

2 1 

3 1514 

4 16 

5 3 

6 27 

AFRRI 50CC TE-TE IONIZATION CHAMBER IN NBS ‘3-252 FIELD 

SUMMARY REACTION RATE COUNTERS FOR THE RUN 
ST 3 XT-5 

MEDIUM REACTION REACTION 

1 
2 
3 1 
4 
5 
6 

3 
1 

51 1 
16 
3 

27 

AFRRI 50CC TI-TE IONILATION CHAMBER IN NBS ‘3-252 FIELD 

SUMHARY REACTION RATE COUNTERS FOR THE RUN 
MT-16 MT-1 7 

MEDIun REACTION REACTION 

IT-Si 
REACTION 

MT-22 
REACTION 

WIDNEBDAY, AUGUST 27, 1986 

WEDNESDAY, AUGUST 2 1 ,  1986 

m - 9 1  MT-18 
REACTION REACTION 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

WEDNESDAY, AUGUST 27, 1986 

MT-23 MT-24 
REACTION R8ACTION 

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

MT-28 
RBACTION 

Figure 1 3 .  (continued). 



AFRRI SOCC TE-TE ION%ZATION CHAMBER IN N5S CP-252 FIELD 

5UXMAXY REACTION RATE COUNTERS FOR THE RUH 
MT-102 IT-1 03 

ninnrn REACTION REACTTOX 

APRR3 SOCC TE-TE IONIZATION CHAXBlR IN NBS CP-252 FIELD 

BWHMARY REACTION RATE COUNTERS POR THE RUN 
PIT-iOB MT-109 

I E D I U f i  REACTION REACTION 

MT-104 
REACT ION 

0 
0 
0 
0 
0 
0 

UT-1 1 1  
REACTION 

WEDNESDAY, AUGUST 27, 1986 

MT-105 Ha-1 06 HT-107 
REACTION PlACTION REACT S ON 

WEDNESDAY, AWGUST 27, 1986 

MT-112 MT-113 MT-714 
REACTION REACTIOM REACTION 

Figure 1 3 .  (continued). 
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. . ..,. 

6.0 RECOMB - A CODE FOR GENERATING RECOMBINATION DATA SETS 

6.1 Code Description 

The program RECOMB provides a capability for calculating 

saturation effects present in the ionization chamber. The 

nonlinearity of the energy deposition i.e., the signal observed, L, 

is not in direct proportion to the energy deposited due to 

saturation, is taken into accourt using Birk's law:5 

dE 
dx 
- 

= dL 
dE dx 1 + KB dx 

- 

or 

The ionization energy l o s s ,  dE/du, used in evaluating Eq. 1 ori- 

ginates from a code written by Armstrong and Chandler6 and 

corresponds to the ionization energy l o s s  used in calculating the 

stopping powers and ranges in program HEAVY. Program RECOMB assumes 

a linear relationship holds between the signal observed and the 

energy deposited i.e., L-E, for electrons and positrons. It should 

be noted that while saturation effects are important, these effects 

are generally small for the low density media i . e . ,  tissue 

equivalent gas,  C02, etc., used in ionization chambers. 

The subroutine hierarchy of program RECOMB is shown in F i g u r e  

Also, a list of the subroutines used in program RECOMB a long  14. 

with their function is given in Table 21. 
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ORNL - DWG 86 - 15418 

Figure 14. Subroutine Hierarchy in Program RECOMB. 



1 1 9  

.... 

T a b l e  21 .  Subroutine Functions in P r o g r a m  RECOMB 

Subroutine Function 

ADEL 

DEDXG 

DXDE 

MAIN 

PREP 

SCINT 

SHELL 

SLIGHT 

ZFOI 

Computes asymptotic density effect 
correction in the dE/dx equation. 

Computes the dE/dx for the charged 
particles and recoil heavy ions. 

Incorporates the shell and density effect 
corrections to the dE/dx equation. 

Sets the default values for logical units 
IN, IO, and IPUN equal to 5, 6, 
and 17 respectively, and calls 
subroutine SCINT. 

Reads in most of the input and sets up the 
variables needed in the dE/dx computations. 

Reads in the rest of the input, and acts 
as the control subroutine for output. 

Computes the shell correction in the 
dE/dx equation. 

Performs the integration of the dE/dx 
equation to generate the saturation data curves. 

Function to yield the ionization 
potentials for the elements in the media. 

... 



7.20 

6 . 2  ... Input Requirements .._ 

The following input  cards  a r e  required i n  order  t o  execute a 

RECOMB case .  Default  values a r e  given i n  bracke ts  ( [ I ) .  

Card 1: Format (2312.4) 

E H I  Upper energy l i m i t  i n  MeV f o r  which dE/dx w i l l  be 
ca l cu la t ed .  [ 5  x 10'1 

ELOW Lower energy l i m i t  i n  MeV f o r  which dE/dx w i l l  be 
ca l cu la t ed .  [1 x 

Card 2 :  Format (216) 

MXMAT Number of d i f f e r e n t  media. [ l ]  

M2FLG 0/1 - Gas/Solid f l a g  f o r  the a c t i v e  media. [ O ]  

Note: Card 3 repeated MXMAT times,  i s  followed each time by Card 4 
repeated NEL t imes.  

Card(s) 3:  Format (16,2E12.4) 

NEL The number of nucl ide types o ther  than hydrogen i n  the 
medium. 

DENH The dens i ty  (atoms/b-cm) of hydrogen i n  the medium 

AVDEN The average dens i ty  (gm/cm3) of the medium. 

Card(s) 4 :  Format (3E12.4) 

22 The charge number of the  llnth" nucl ide o ther  than hydrogen 
i n  the medium. 

A The mass number oE the "nth" nucl ide o ther  than hydrogen i n  
the medium. 

DEN The atom dens i ty  (atoms/b-cm) o f  the  l lnth"  nucl ide other  
than hydrogen i n  the medium. 
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Note: Card 4 is repeated NEL tiazes. 

Card 5: Format (3E12.4,316) 

KB 

EM1 

EMA 

NPTS 

NSUB 

NOLC 

Saturation constant (gm/cm*/MeV) in Birks ' law. 

Minimum energy in MeV for which light curves are 
calculated. , 

Maximum energy in MeV for which light curves are 
calculated. 

Number of  energy points f o r  which light curves are 
calculated. [ 5 0 0 ]  

Number of integration points between energy points 
[Use 30001 

Number of light curves generated. 

Card(s) 6: Format (216,2E12.4) 

MED 

ITYP 

z 

XM 

The medium number. [l] 

The type of particle for which the light curves will be 
calculated. 

1 for recoil heavy ions (mass number > 1) 

2 for protons 

The charge number of  the recoil heavy ion. 

The mass number (in amu) of  the recoil heavy ion. 

Card 7: Blank card 

6.3 Input Data Notes 

MXMAT 

curves f o r  16 different media. Program HEAVY, however, expects 

saturation curves only f o r  the active media and therefore MXMAT 

should always equal one. 

Program RECOMB is capable of  calculating saturatjon 
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NEL The cur ren t  array dimensions i n  Program RECOMB requi re  NEL 

510. 

KB The sa tu ra t ion  constant  i s  determined from experimental 

da t a .  I n  general., the  l a r g e r  the  value of KB, the  g rea t e r  the  

s a t u r a t i o n  e f f e c t s .  For KB = 0 ,  there  a r e  no s a t u r a t i o n  

e f f e c t s  and the  s igna l  observed is d i r e c t l y  proport ional  t o  the  

energy deposi ted.  

NPTS Program HEAVY requi res  NPTS 5 500. This y i e l d s  adequate 

representa t ion  o f  the  s a t u r a t i o n  curves.  

NOLC The number of sa tu ra t ion  curves generated i s  not  r e s -  

t r i c t e d  i n  program RECOMB. Program HEAVY, however, requi res  

NOLC 5 1 5 .  This has been determined t o  be a suff ic i -ent  number 

f o r  ion iza t ion  chamber ca l cu la t ions .  The p a r t i c l e  types f o r  

which sa tu ra t ion  curves a re  ca lcu la ted  should be input  i n  the  

foll.owing order ;  protons followed by r e c o i l  heavy ions i n  

increasing Z ,  i . e . ,  P ,  D ,  T, 3He, a ,  'OB, "B, . . . .  

ITYP When the  p a r t i c l e  type i s  a proton ( ITYP = 2 ) ,  no addi-  

t i o n a l  da ta  i s  needed on t h a t  input card .  

6.4 I,/O F i l e  Requirements ..... 

-.. ..... ....... ....... ~. ......... .-I.____________ 

F i l e  Unit Description Required 

I N  5 Card Input Always 

___ ...... ~. _. ._. . - 

I O  6 Pr in ted  Output Always 

I PUN 1 7  Sa tura t ion  Curve Output Always 
........ ........ .......... ......... ~ ........ ........ ........ __ 
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6.5 JCL Requirements 

The job  c o n t r o l  language (JCL) needed t o  run a RECOMB case a t  
X - 1 0  i s :  

(Job Card, rou te  and jobparm cards)  
//RECOMB EXEC PGM=RECOMB,REGION==1020K 
//STEPLIB DD DSN=X.JOJ2h337.PROG,nISP-SHR 
//FT05F001 DD DDNAME-SYSIN 
//FT06F001 DD SYSOUT=A 
(DD Cards f o r  Unit  17) 
//SYSIN DD * 
( Input  Cards) 

/* 
// 
6.6 Sample Problem 

A complete l i s t i n g  of t he  JCL and input  cards  f o r  t he  sample 

problem is given i n  Figure 1 5  and some se l ec t ed  output  are shown i n  

Figure 1 6 .  The problem demonstrates t he  c a l c u l a t i o n  of  s a t u r a t i o n  

curves €or two p a r t i c l e  types i n  a NE102A p l a s t i c  s c i n t i l l a t o r  with 

KB = 0.02 .  Due t o  the  amount of da t a  p r i n t e d ,  only s e l e c t e d  p o r -  

t i o n s  o f  t he  output  are shown in  Figure 16 



/ / JOJRECOM J O B  (24337,IOl) , ’JO JOHNSON 6025’,TIME=(0,30) 
/*ROUTE PRINT RMT84 
/*ROUTE PUNCH MT84 
/*JOBPARM LINECT-62 
//A EXEC PGM=RECOMB,REGION=1024K 
//STEPLIB DD DSN-X.JOJ24337.PROG,DISP=SIIK 
//FT05F001 D1> DDNAME=SYSIN 
//FT06F001 DD SYSOUT=A 

// D S N = M E N . X 1 0 . J O J . K B 0 2 . N E l O ~ A , S P A C E = ( T R K , ( ~ ~ , 5 ) , R I ~ S E ) ,  
// DCB=(RECFM-FB,LRECL=80,BLKSIZE=3200) 
//SYSIN DD * 

1 1 
1 5.6873E-02 1.0400E+00 

//FT17F001 DD U N I T - ~ ~ ~ O V , V O T F = S E R = V I N T O ~ , D I S P - ( N E W , G A T L G ) ,  

5.0000E+01 1.0000E-06 

6.0000E+00 1.2011E+O1 4.7394E-02 
2.0000E-02 1.0000E-03 2.0000E+Ol 500 3000 2 

1 2 
1 1 6.0000E+00 1.2011E-t-01 

(Blank Card) 

/* 
// 

Figure 15. 
Sample Problem. 

Complete Listing of JCL and Input for RECOMB 



INPUT FOR SUBROUTINE PREP 
B i z =  5.0000E+01 USOW= 1.OOOOE-06 

THE NIJUBXR OF DIFFERENT MEDIA (HXMAT)= 1 
MEDIUM= 1 WEL= 1 DENH= 5.68731-02 AVDSN= 1.04OOEtOO 

E= 6.0000E+00 A= 1.2011E+01 DEN= 4.73941-02 

INPUT FOR SCINTILLATION LIGHT CURVES 

KB = 2.00008-02 (GI/CW**Z)/MEV 
MAXIMUU ENERGY = 2.0000E+01 IEV 
MXNIUUH ELIXRGY = f.0000E-03 MEV 
NUHBER O? POINT5 - 500 
IIUIBSR OF INTEORATIOYS 
BETWEEN ENERGY POINTS = 3000 

NUMBER OF LIGHT CURVES = 2 

- 

Figure 1 6 .  L i s t ing  of Selected Output from RECOMB Sample 
Problem. 



HEDIWH 1 
PARTICLE TYPE= PROTONS 

ENERGY 
( IEV ) 

9.99999931E-04 
1.02004502E-03 
1.040491973-03 
1.06134778E-03 
1.08262245E-03 
1 .:0432412E-03 
1.12645980E-03 
1.149039953-03 
1.17207225E-03 
1.19556603E-03 

1.672839361+01 
1.706372073+01 
1.740576171+01 
1.77546387E+01 
1.81105347E+OI 
1.84735718E+01 
1.884387211+01 
1.922158811+01 
1 . 9 6 0 6 8 8 7 8 E + O I  
1.99999084E+01 

LIGHT PIE) DE/DX 
(nEv ) VALUE OF INTEGRAND (MEV/CI#) 

4.131 37488E-04 
9.179482353-04 
4.22790879E-04 
4.276654223-04 
4.32571862B-04 
4.37510666E-04 
4.42480901E-04 
4.474832681-04 
4.52517765E-04 
4.57584858E-04 

7.26409149E+00 
7.473060613+00 
7.68751907E+00 
9.90757942E+00 
8.13340282E+00 
8.365117073+00 
8.60283375E+OO 
8.846723563+00 
9.09693146E+00 
9.35359859E+00 

2.41615176E-01 
2.389441493-01 
2.353073361-01 
2.322012193-01 
2.29125798E-04 
2.26082861E-01 
2.23074615E-01 
2.20094264E-01 
2.17147291E-01 
2.14233041E-07 

6.212933063-01 
6.250870231-01 
6.28866255E-01 
6.32629991d-01 
6.363787651-07 
6.40111685E-01 
6.43827796E-01 
6.47526920E-01 
6.51 20893715-01 
6.548737291-01 

1.6321 8267E+02 
1.66080414E+02 
1.68987595B+02 
1.919437263+02 
1.74949570!3+02 
1.78004166E+02 
1.81105850E+02 
1.84262375E+02 
1.87468756E+02 
1.90726303E+02 

3.169681 11E+Ol 
3.118844608+01 
3.06885223L+01 
3.01965637E+01 
2 . 9 9 1  2371 8E+01 
2.92358551E+Ol 
2.8766967811+01 
2.830555731+01 
1.785148626+01 
2.78046631 BTOI 

Figure 16. (continued) 



Z= 6.0000E+00 
MEDIUM 1 

xx= 1.20111+01 

ENERGY 
( MBV ) 

9.999999311-09 
1.02004502K-03 
1.04OQ91973-03 
1.0613477812-03 
1.08262245E-03 
1.10432412E-03 
1.1264598OE-03 
1.14903995B-03 
1.17207225E-03 
1 . lq556603E-03 

1.6728393681+01 
1.70637207L+01 
1.74057617E+Ol 
1.77546387B+01 
1.811053471+01 
1.84735718E+01 
1.88438721E+01 
1.92215881!3+01 
1.96068878B+Ol 
1.999990841+01 

LIGHT 
( ULV 1 

6.083578341- 
6.16737874E-04 
6.251 968443-04 
6.337349773-04 
6.423532031-04 
6.51050825L-04 
6.59827609L-04 
6.68684486E-09 
6.776212251-04 
6.85537125E-OU 

1.08962917E-01 
1.115277411-01 
1.141660811-01 
1.16879582E-01 
1.196709281-01 
1.2254294133-01 
1.25496387E-01 
1.28535748E-01 
1.31663084B-01 
1.34881139E-01 

F(1) 
VALUL OF INTSGRAMD 

4.202375411-01 
4.1594243OE-01 
4.115708471-01 
4.07292902E-01 
4.029544OOE-01 
3.98665309E-01 
3.94421518E-01 
3.901 48938B-01 
3.859275581-01 
3,et592827~-01 

7.619861511-03 
7.682399241-03 
7.796063171-03 
7.81086832E-03 
7.87683209L-03 
7.9939804OE-03 
8.01231712B-03 
8.081872023-03 
8.15265998E-03 
B.22471082E-03 

7. 73957823+01 
7.30173035B+Ol 
1.93451496E+Ol 
7.56722565L+01 
1.7096875OB+Ol 
1.843522641+01 
1.9838689 1 B+O 1 
B.l2829860E+01 
8.27803412L+Ol 
4l.U23519301+01 

6.772269530+03 
6.71672266E+03 
6.66108594E+03 
6.60539062B+03 
6.549636723+03 
6.49383594E+03 
6.83e00781~+03 
6.38215234E+03 
6.3262851 6B+03 
6.2704 10 16E+03 

**********COUPLETION OF SCINTILLATION LIGHT CURVES********** 

Figure 16. (continued). 
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7 . 0  HEAVY - A CONTINUOUS ENERGY MONTE CARLO CODE FOR 
TRANSPORTING RECOIL HEAVY IONS AND CHARGED PARTICLES 

PRODUCED VIA NEUTRON INTERACTION IN AN 
IONIZATION C W B E R  

7.1 Code Description 

The program HEAVY is  a continuous energy Monte Carlo code 

w r i t t e n  s p e c i f i c a l l y  f o r  ana lys i s  o f  i on iza t ion  chamber responses t o  

r e c o i l  heavy ions and charged p a r t i c l e s  produced v i a  neutron 

i n t e r a c t i o n s .  HEAVY solves  the  Boltzmann t r anspor t  equat ion using 

d e t a i l e d  s topping powers and range/energy t a b l e s  f o r  t h e  r e c o i l  

heavy ions and charged p a r t i c l e s .  There i s  c u r r e n t l y  a lack  of  

recoi l  heavy i o n  and charged p a r t i c l e  c ros s  s e c t i o n  da ta  ava i l ab le  

f rom ENDF/B o r  o the r  sources .  Therefore,  the  approach i n  HEAVY i s  

t o  r ep resen t  t h e  physics  o f  t h e  r e c o i l  heavy ion and charged 

p a r t i c l e  i n t e r a c t i o n  i n  the  media through the  use o f  s topping powers 

and range/energy t a b l e s  €or the  d i f f e r e n t  types o f  r e c o i l  heavy ions 

and charged p a r t i c l e s  generated v i a  the  neutron i n t e r a c t i o n s .  

Employing the  s topping powers and range/energy t a b l e s  i n  the  recoi-1 

heavy ion and charged p a r t i c l e  t r anspor t  w i l l  y i e l d  t h e  ion iza t ion  

energy l o s s  of  the  r e c o i l  heavy ion and charged p a r t i c l e  i n  the  

media. This energy l o s s  t r a n s l a t e s  d i r e c t l y  i n t o  charge (o r  

cu r ren t )  deposi ted i n  the ion iza t lon  chamber through the  use o f  the  

work func t ions  which def ine  t h e  average energy requi red  t o  produce 

an ion  p a i r .  

s i g n a l  observed i s  not i n  d i r e c t  Froport ion t o  t he  energy deposi. ted 

due t o  s a t u r a t i o n ,  then t h i s  e f f e c t  can be accounted f o r  along each 

I f  the  energy depos i t ion  behaves nonl inear ly  i . e . ,  the 

r e c o i l  heavy ion o r  charged p a r t i c l e  path through the  use of the 

saturation da ta  t a b l e s  ca l cu la t ed  i n  program RECOMB. 
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The randoro walk procedure employed i n  HEAVY i s  based on the  

i n t e g r a l  emergent p a r t i c l e  dens i ty  formalism of the  Boltzmann 

t r anspor t  equat ion.  This formalism introduces the  r e c o i l  heavy ion 

o r  charged p a r t i c l e  i n t o  .the system according t o  the  input  source 

tape w r i t t e n  by program NEUTRON. Because there  i s  a lack  of r e c o i l  

heavy ion o r  charged p a r t i c l e  t r anspor t  c ross  sec t ion  d a t a ,  a small  

t r anspor t  c ross  sec t ion  (1 .0  x 10 -lo) is  assumed. This assumpt:i.ori 

w i l l  almost always y i e l d  the d is tance  t o  the media boundary along 

the cur ren t  p a r t i c l e s  path ca lcu la ted  by the  t r anspor t  ke rne l .  

A l s o ,  given the p a r t i c l e s  energy, the  range o f  the  p a r t i c l e  i n  the  

media is determined from the  stopping power and range/energy t a b l e s .  

I f  the  range i.s l e s s  than the d is tance  t o  the  media boundary, the 

p a r t i c l e  is  assumed t o  range out i n  the  media deposi t ing a l l  i t s  

energy. I f  tihe range i s  g rea t e r  than the d is tance  t o  t:he media 

boundary, the  f r a c t i o n  of energy deposited i n  the  media i s  

determined from the  range/energy t ab le s  and the p a r t i c l e  i s  

t ranspor ted  t o  the media boundary with i t s  new energy equal t o  the  

o ld  energy l e s s  t h a t  energy deposited i n  the  media. If s a tu ra t ion  

e f f e c t s  a r e  found t o  be s i g n i f i c a n t ,  the  s a t u r a t i o n  da ta  t ab le s  can 

be appl ied t o  y i e l d  the energy co l l ec t ed  f o r  each part:i.cle t r ack .  

The t ranspor t  kernel  and range/energy t ab le s  a r e  appl ied 

successively u n t i l  the  partic1.e loses  a l l  i t s  energy o r  escapes the 

sys tem. 

Application o f  program HEAVY t o  ion iza t ion  chamber response 

ana lys i s  y i e lds  a d e t a i l e d  descr ip t ion  of  the de tec tor  s i g n a l  due t o  

neutron in t e rac t ions .  Even though the program i s  spec i - f i ca l ly  
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written for ionization chamber response analysis, the program is 

applicable to any problem where recoil heavy ion and/or charged 

particle energy deposition is of interest. Some special features o f  

program HEAVY include: 

1. Total energy deposition for all particles with and without 
transport. 

2. Tables of energy deposition results by particle type with 
and without transport and also with and without saturation 
effects (if found to be significant). 

3 .  Flexibility in particle types to be considered. 

4 .  Incorporates a combinatorial package for detailed geometry 
modeling. 

5. Incorporates subroutine BANKR to provide additional 
analysis of the recoil heavy ion transport process. 

The subroutine hierarchy f o r  program HEAVY is shown in Figure 

17. The following tables (Tables 22 through 29) describe the 

subroutines along with their functions, and the common blocks and 

their associated variables used in the random walk process 

7.2 Input Requirements 

The following input  cards and title cards are required in order 

to execute a HEAVY case. Default: values are in brackets ( [ I ) .  

Card 1: Format (20A4) 

TITLE Problem title card 

Card 2: Format (212) 

RANDOM Starting random number seed. 

Card 3 :  Format (616) 

INN Input card unit. [5] 



1
3

2
 

J
 

a
 

0
 

X
 



1
3

3
 



Table 2 2 .  Subroutine Functions f o r  Program HEAVY 

Subroutine 

ALBEKT 

ALE 

RANKR 

CONTRL 

DAT E 

DEDX 

DEEBLJG 

EUCLID 

FLTRNF 

G E N I  

GETENR 

GETETA 

GETRNG 

GG 

Function 
~ ___ ~~ 

Processes a r b i t r a r y  polyhedron body da ta  

Returns energy detected equal t o  energy 
deposited due to no sa tu ra t ion  e f f e c t s .  

This i s  a dummy rout ine  usua l ly  suppl ied 
by the  user  t o  perforin add i t iona l  
ana1.ysi.s o f  the da t a .  

Reads i n  the inpu t ,  i n i t i a l i z e s  the  problem 
a r r a y s ,  s e t s  up the s torage loca t ions  f o r  
the d a t a ,  and begins the processing of the 
r e c o i l  heavy ion and charged p a r t i c l e  tape .  

Computes the day, month, d a t e ,  and year .  

Computes the dE/dx f o r  the charged p a r t i c l e s  
and r e c o i l  heavy ions .  

Used t o  t rouble  s h o o t  e r r o r s  i n  the  program 

Determi-nes the number of mean- Cree -paths  
between t w o  points  i n  the  geometry. 

Random number package wr i t t en  i n  ASSEMBLER. 

0ut.put:s the  geometry input  informat ion and 
places  the combinatorial geometry da ta  
i n  the proper s torage loca t ions  i n  
h 1. a nk c o ininon 

Cal.cul.ates the energy of a p a r t i c l e  given 
the p a r t i c l e s  range. 

Gal-culates the number o f  mean-free-paths 
( e t a )  f o r  the  next f l i g h t .  

Calculates the range of a p a r t i c l e  given 
che p a r t i c l e s  energy. 

The workhorse o f  the  combinatorial  geometry 
package, comput:c,s d i s tances  t o  i n t e r sec t ions  
for all body types .  
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Table 22. (continued} 

Subroutine Function 

GOMST 

GTVLIN 

G 1  

INSERT 

IWEEK 

JOMINl 

J O M I N 2  

LE 

LOOKZ 

MAIN 

MAINP 

NOTRNS 

NXTCOL 

Determines boundary crossings between the  
present  and next c o l l i s i o n  s i t e s .  

Reads i n  o r  ca l cu la t e s  the  volume of each 
region i n  the geometry. 

The cont ro l  r o u t i r e  f o r  the combinatorial  geometry 
package. 

I n s e r t s  charac te rs  from an ar ray  i n t o  a 
charac te r  s t r i n g .  

Function t h a t  looks up the  da ta  f o r  the 
user  and f i l l s  i n  the values  f o r  MONTH, 
IDATE, and IYEAR. 

Reads i n  the geometry da ta  input  and 
ca l cu la t e s  the  amcunt of s torage needed 
f o r  the geometry a r r ays .  

Calculates  the  beginning loca t ions  of  
the geometry a r rays  i n  s torage .  

The con t ro l l i ng  rout ine  f o r  determining the 
energy detected due t o  s a t u r a t i o n  e f f e c t s .  

Returns the combinatorial geometry zone 
of po in t  (X,Y,Z) s o  t racking  can be i n i t i a l i z e d .  

S e t s  the  amount of core s torage (LEN) and 
the  length of the  ana lys i s  a r rays  (LENSTO) 
used i n  the da ta  processing. 

Performs some ana lys is  on the  s torage 
a r rays  t o  summarize the response due t o  the  
r e c o i l  heavy ions and charged p a r t i c l e s  wr i tes  
the  ana lys i s  a r rays  t o  u n i t  MSAVE. 

Saves the energy deposited i n  the  a c t i v e  
media without t ranspor t ing  the  p a r t i c l e s .  

Determines the  p a r t i c l e s  s p a t i a l  coord ina tes ,  
block and zone number, and age a t  the next 
c o l l i s i o n  s i t e  an?. a t  every boundary s i t e  
along the f l i g h t  pa th .  
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Table 2 2 .  (continued) 

. . . _. 

Subroutine Function 

PREP 

PR 

RANGE 

KNDWLK 

RNGOUT 

SCORE 

SHELL 

SIMP2 

s LE 

SPAR 

'TIMER 

ZE'OT 

Reads i n  the input  and s e t s  up the  va r i ab le s  
used i n  the  rout ines  dedicated t o  
ca l cu la t ing  the range/energy da ta  t a b l e s .  

Called from various loca t ions  i n  the  
coinb i n a t o r i a l  geometry package 
whenever intermediate output o r  
debugging output i s  requi red .  

Computes the  ranges of the  charged 
p a r t i c l e s  and recoi.1 heavy ions .  

Processes the r e c o i l  heavy ion  input  
d a t a ,  performs the random walk f o r  the  
p a r t i c l e s ,  and p r i n t s  the output summary tab les  

Pri-Tits the  tab le  of p a r t i c l e s  f o r  which 
stopping powers and ranges a r e  ca l cu la t ed ,  
the proton r e c o i l  ranges by media, and the  
ranges f o r  a l l  p a r t i c l e s  f o r  the  ac t ive  media 

Scores the energy deposited i n  the  ac t ive  
media a f t e r  t ranspor t ing  the  p a r t i c l e .  

Computes the  s h e l l  co r rec t ion  i n  the  
dE/dx equat ion.  

Performs parabol ic  i n t eg ra t ion  f o r  even 
o r  uneven spacing. 

Reads i n  the sa tu ra t ion  da te  curves and 
determines the  energy de t:c:cted given the  
energy deposi ted.  

The cont ro l  rout ine f o r  ca l cu la t ing  the 
stopping powers and ranges of  the  charged 
p a r t i c l e s  and r e c o i l  heavy i -ons .  

Performs a v a r i e t y  of funct ions assoc ia ted  
with the l o c a l  and global  c locks .  

Function t o  y i e l d  the ion iza t ion  
p o t e n t i a l s  f o r  the elements i n  the  
inedia. 

_II_ 
. .. . . .. . . . .... .. . . _..... . . . . . .. ._... . .. . . . . . . . . . . . . . . 
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Table 23. Definitions of Variables in RECOIL Common 

Variable Definition 

NAME 

NAMEX 

E 

EOLD 

NMED 

MEDOLD 

NREG 

N , V , W  

UOLD,VOLD,WOLD 

x , y , z  

XOLD,YOLD,ZOLD 

WATE 

OLDWT 

WTBC 

BLZNT 

BLZON 

AGE 

OLDAGE 

Particles first name. 

Particles family name. 

Current energy. 

Previous energy. 

Medium number at current location. 

Medium number at previous l oca t ion .  

Region number at current location. 

Current direction cosines. 

Previous direction cosines. 

Current location. 

Previous location. 

Current weight. 

Previous weight. 

Weight jtrst before current collision. 

Current zone number. 

Previous zone number. 

Current age. 

Previous age. 
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.......... . ..___ 

V a r  i ab 1 e 

NGO Flag t o  ind ica t e  record type 
NGO = 1 - not  def ined 
NGO = 2 - p a r t i c l e  h i s t o r y  
NGO = 3 - end o f  batch 
NGO = 4 - end o f  run 

D e  r i n i  t i o n  
.... 

IQ P a r t i c l e  type ind ica to r  ( cu r ren t ly  not  
used) 

NCOL Neu t 1: on c o 1 1 i s ion numb e r 

N Z  P a r t i c l e  charge 

A P a r t i c l e  atomic weight 
_...___ ....... -. . ... .- ~ .......... 

Table 2 5 .  Def in i t ions  of Variables i n  NPARM Common 

~ .......... ........ ~ .......... ......... ..... 

Variable Def in i t ion  
___. ........ 

MT ENDF/B neutron r eac t ion  type number. 

E N 1  P r e - c o l l i s i o n  neutron energy 

U N I , V N I , W N I  P r e - c o l l i s i o n  neutron d i r e c t i o n  cos ines .  

EN0 Pos t - co l l i s ion  neutron energy 

U N O , V N O , W N O  Pos t - co l l i s ion  neutron d i rec- t ion  cos ines .  

W I N  NeutIron weight.  

Q ENDF/B Q-value assoc ia ted  with the neutron 
r eac t ion  type number. 

......... ~ ......... ~ _ _  .... ..... ~ ........ ~ .......... 
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Table 26. Definitions of Variables in APOLL Common 

Variable Definition 

ETA Number of mean-free-paths between collisions. 

ETATH Distance in centimeters to the next collision 
if the particle does not encounter a change 
in total cross section. 

ETAUSD Flight path in mean-free-paths that has been 
used since the last event. 

INALB A switch indicating that an albedo scattering 
has occurred if > 0. 

NOLEAK A switch indicating that nonleakage path- 
length selection is to be used if > 0. 



Variable 

X B ( 3 )  

~ 

W B ( 3 )  

WP(3) 

X P ( 3 )  

R I N  

ROUT 

PINF 

D I S T  

I K  

TDBG 

IRPRIM 

NAS C 

LSURF 

NBO 

LRI 

IRO 

KLOOP 
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Table 2 7 .  Definitions of Variables in PAREM Common 

...____.. ~ _.I..._ __.I.._____. -. . . . . . .... . . . .... -.. .. . -.... . I_.I_ ~ 

~ .................... __ Defin i t ion  
-. .... ................... 

Coordinates of the  s t a r t i n g  po in t  o f  the  
present  path.  

Direct ion cosi-nes of p a r t i c l e  t r a j e c t o r y ,  
(Equal t o  U,V,W). 

Temporary s torage  of WB(3). 

Temporary s torage  of  X B ( 3 )  

Distance t o  en t ry  calcul.ated i n  rout ine  G G .  

Distance t o  e x i t  ca l cu la t ed  i n  rout ine  G G .  

Machine i n f i n i t y .  (I.OOE+20) 

Distance from X B ( 3 )  t o  present  po in t  

Combinatorial zone of present  p a r t i c l e  
pos i t i on .  

Set  non-zero t o  i n i t i a l i z e  a debug 
p r  i-ntout . 

Next region t o  be entered a f t e r  a c a l l  of 
rou t ine  G1. 

Body number of l a s t  ca lcu la ted  i n t e r s e c t i o n .  
Set  negat ive t o  i nd ica t e  source o r  col l is i .on 
point: not on a body su r face .  

Surface o f  body NASC where i n t e r s e c t i o n  
occurred. Pos i t ive  i f  p a r t i c l e  i s  en ter ing  
the  body and negative when e x i t i n g .  

Body number and a s ign  used t o  def ine zones. 
Input i n  zone descr ip t ion  a s  pos i t i ve  when zone 
i s  contained i n  body and a s  negat ive i f  zone i s  
outzside body. 

Entry sur face  ca lcu la ted  i n  rout ine  G G .  

Exie surface ca lcu la ted  i n  rout ine  G G .  

Traj  ec tory  index of present  path incremented 
i n  rout ine  G 1 .  
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Table 27 ,  (continued) 

Variable Def in i t ion  

LOOP INEXT of last  t r a j e c t o r y  ca lcu la ted  f o r  
body NBO. If LOOP is equal t o  KLOOP, 
rou t ine  GG re turns  immediately with o ld  values  
i n  R I N ,  ROUT, LRE, and LRO. 

ITYPE Body type of body NBO ( ind ica t e s  BOX, 
SPH, e t c . ) .  

NOA Not used. 

JTYl(15) Alphanumeric t i t l e  f o r  geometry input .  

... 
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Table 28.  Definitions of Variables in ORGI  Common 

__ ........... ......... ......... ... - ...... 

Variable Definition 

DISTO Distance from point X B ( 3 )  to next scattering 
point. Used in routine G1 to avoid calculati-ng 
the next zone if a scattering event occurs before 
the intersection. 

MARKG Set to 1 in routine GI if trajectory end point is 
reached before next intersection, otherwise set to 0. 

NMEDG Zone number IR from a LOOKZ call 

NRLZ Packed word containing both input zone and 
code zone numbers. 

RT,ZOLD Packed word containing input and code zone 
numbers for the previous collision. 

. - __I-_- ......... ~ 
-. I - 
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..... 

Table 29. Definitions of Variables in DBG Common 

-- - 

Variable Definition 

w Starting location in MA array of data for zone IRP. 

NUM Ending location in MA array of data for zone IRP, 

LOCAT Location in MA array of  address where data for 
current body is located in the FPD array. 

I SAVE Index in MA array of next body intersected 
(N 5 ISAVE 5 W M ) .  

INEXT Pointer to first zone searched in MA array 
for next body (Equal to ISAVE f 2). 

I RP Next zone searched ts determine which zone 
the current body is in. 

SMIN Distance to intersection. 

INEX Pointer to next zone searched in MA array 
if INEXT is not the zone intersected 
(Equal to INEXT + 1). 

-__I 

... 
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IOUT 

MGEOM 

MHEAVY 

MLIGHT 

MSAVE 

Pr in ted  output  u n i t .  [ 6 ]  

Geometsry da t a  input  s c ra t ch  1mi.t. [ 1 6 1  

Recoil  heavy ion and charged p a r t i c l e  tape input  u n i t  

[ I 8 1  

Recombiliation da ta  input  u n i t .  [ 8 ]  

Output: u n i t  f o r  s torage  of energy depos i t ion  a r r ays .  
[ 9 1  

Card 4 :  Format ( 7 1 6 )  

MXWT 

MXELMT 

NPTS 

MXITYP 

NPRT 

M2FLG 

MABC 

Number of d i f f e r e n t  media f o r  which s topping powers and 
ranges a r e  computed. [l] 

Maximum number of nucl ide types o ther  than hydrogen i n  
a medium. [l] 

Number of energy poin ts  used i n  the stopping power and 
range/energy computations. [50] 

Number of p a r t i c l e  types i n  range/energy t a b l e s .  

1/0 - Print/Do not  p r i n t  the  range/energy t a b l e s .  [ O ]  

0/1 - Gas/Solid fl.ag f o r  the a c t i v e  media. [ O ]  

0/1 - No recombination data/recombination da ta  f o r  the 
a c t i v e  media. [ 0 ]  

Note: Card 5 repeated MXMAT t imes,  i s  followed each time by Card 6 
repeated NEL times , 

Card(s) 5 :  Format ( 1 6 , 2 E 1 2 . 4 )  

NEL The number o f  nucl ide types o ther  than hydrogen i n  the  
medium. 

DENH The dens i ty  (atoms/b-cm) of hydrogen i n  the  medium. 

AVDEN The average dens i ty  (gm/cm3) of  the  medium. 

Card( s )  6 : Forinat ( 3 E 1 2 . 4 )  

ZZ The charge number of the "nth" nucl ide o ther  than hydrogen 
i n  the  medium. 

A The m a s s  number of  the  "nth" nucl ide o ther  than hydrogen i n  
the  medium. 



145 

DEN The atom density (atoms/b-cm) of the "nth" nuclide other 
than hydrogen in the medium. 

Note: Card 6 is repeated NEL times. 

Card 7: Format (2312.4) 

EMIN Minimum energy in MeV for which stopping powers and 
ranges are computed. (EMIN > 0.0) 

EMAX Maximum energy in MeV for which stopping powers and 
ranges are computed. (EMAX > EMIN) 

Card(s) 8: Format (I6,2E12.4) 

ITYP The type of  particle for which the stopping powers and 
ranges will be calculated. 

1 for recoil heavy ions (mass number > 1) 

2 for protons 

z The charge number of the recoil heavy ion. 

XM The mass number (in amu) of the recoil heavy ion. 

Card 9: Blank card 

COMBINATORIAL GEOMETRY INPUT INSTRUCTIONS 

CARD CGA: Format (215,10X,lOA6) 

IVOPT Option which defines the method by which region volumes 
are determined; if 

0, volumes set equal to 1, 

1, concentric sphere volumes are calculated, 

2, slab volumes (1-dim.) are calculated, (not  
operational) 

3 ,  volumes are input by card. 

IDBG If IDBG > 0, subroutine PR is called to print results of  
combinatorial geometry calculations during execution. 
for debugging. 

U s e  o n l y  

JTY Alphanumeric title for geometry input (columns 21-80). 

CARDS CGB: Format (2X,A3,1X,I4,6D10.3) 
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ITYPE Specifies body type or END to terminate reading o f  body 
data (for example BOX, RPP, ARB, etc.). T,eave blank for 
continuation cards. 

IALP Body number assigned by user (all input body numbers must 
form a sequence set beginning at 1). If left blank, numbers 
are assigned sequentially. Either assign all or none of  tlie 
numbers. Leave blank for continuation cards. 

FPD(1) Real data required for the given body as shown in 
Table 3 0 .  This data must be in centimeters. 

Note: One set of CGB cards is required for each body and f o r  the 
END card (see Table 30). Leave columns 1-6 blank on all 
continuation cards. 

CARDS CGC: Format ( 2 X , A 3 , 1 5 , 9 ( A 2 , 1 5 ) )  

IALP IALP must be a nonblank for the first card o f  each set of 
cards defining an input zone. I f  IALP is blank, this card is 
treated as a continuation of the previous zone card. 
IALP = END denotes the end of zone description. 

NAZ Total number o f  zones that can be entered upon leaving any 
of the bodies defined for this input region (some zones may 
be counted more than once). Leave blank for continuation 
cards for a given zone. (If NAZ 5 0 on the first card of 
the zone card set, then it is set to 5.) This is used to 
allocate blank common. Alternate I I B I A S ( 1 )  and J T Y ( K )  for 
all bodies defining this input zone. 

IIBIAS(1) Specify the "OR" operator if required for the 
JTY(1) body. 

JTY (I) Body number with the (+) or ( - )  sign as required for 
the zone description. 

Note :  Input zone specification cards. One set o f  cards required 
for each input zone, with input zone numbers being assigned 
sequentially. 

CARDS CGD: Format (1415) 

MRIZ(1) M I I I Z ( 1 )  is the medium number in which the "Ith" input: 
zone is contained (I = 1, to the number of input zones). 
Region numbers must be sequentially defined from 1. 

CARDS CGE: Format (1415) 
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Table 30. Combinatorial Geometry Body Data Input 
Requirements in Program HEAVY 

. - ___ 
- Caird Columns 

I 

ITYPE IALP Real Data Defining Particular Body Number of 
3-5 7-10 11-20 21-30 31-40 41-50 51-60 61-70 Cards Needed Body Type 

Box 

Right Parallele- 
piped 

Sphere 

Right Circular 
Cylinder 

Right Elliptic 
Cylinder 

Ellipsoid 

Truncated 
Right Cone 

Right Angle 
Wedge 

Arbitrary 
Polyhedron 

Termination of 
Body Input Data 

BOX 

RPP 

SPH 

RCC 

REC 

ELL 

TRC 

WED 

ARB 

END 

IALP is 
assigned 
by the 
user or 
by the 
code if 
left 
blank 

v x  
H2x 
Xmin 

vx  

vx  
R 

v x  
Rlx 

Vlx 
L 

VX 
L1 

vx 
H2x 

Vlx 
v3x 
v5x 
VIX 

v z  
H2z 
Ymin 

v z  

VZ 

v z  
R l z  

Vlz 

v z  

v z  
H2z 

Vlz 
v3z 
vsz 
v7z 

Hlx  
H3x 
Ymax 

R 

Hx 

Hx 
R2x 

v2x 

Hx 

Hlx 
H3x 

v2x 
v4x 
V6x 
V8x 

Hlz  
H3z 
Zmax 

Hz 

Hz 
R2z 

v2z 

Hz 

H l z  
H3z 

v2z 
v4z 
V6z 
V8Z 

Face Descriptions (see note below) 

10f2 
2 of 2 
1 

1 

10f2 
2 of 2 

10f2 
2 of 2 

10f2 
2 of 2 

10f2 
2 of 2 

10f2 
2 of 2 

10f5 
2 of 5 
3 of 5 
4 of 5 

NOTE Card 5 of the arbitrary polyhedron input contains a four-digit number for each of the six faces of an ARB 
body. The format is 6D10.3, beginning in column 11. See the ARB write-up in Ref. 4 for an example. 
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KMIZ(1) MMIZ(I) is the medium number in which the "Ith" input 
zone is contained (I = 1, to the number of input zones). 
Medium numbers must be sequentially defined from 1. (Media 0 
is used for an external void and media 1000 is used for 
internal voids.) 

CARDS CGF: Format (7D10.5) (Omit if IVKOPT # 3) 

VNOR(I) Volume of the "Ith" region (I = 1 to MXREG, the number 
of regions). 

7 . 3  Input Data Notes 

MSAVE Program HEAVY allows for the energy deposition data to 

be stored in arrays for additional processing if the user 

requires information from further analysis of the problem. 

These arrays store the individual contributions (by incident 

particle type) stacked sequentially. If MS,4VE is greater than 

zero, these arrays will be written to the logical. unit 

designated by the value of MSAVE. 

NPTS The default value used in program HEAVY is set to 50. 

This yields adequate representation of the stopping powers and 

range/energy data. 

NPRT Envoking the print could produce large amounts of output 

if there are several media and particle types. 

MABC Program HEAVY wi.1.l read in saturation curves produced in 

program RECOMB for the active media from unit MLIGHT if this 

parameter is set to one. 

EMIN, EMAX The typical energy range used in program HEAVY is 

EMIN = 0.0 MeV and EMAX = 20.0 MeV. 

ITYP The particle types for which stopping powers and 

range/energy tables are calculated should be input in the 
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following o rde r ;  protons followed by recoi l .  heavy ions i n  

inc reas ing  Z i . e . ,  P ,  D ,  T ,  3He, a ,  I 0 B ,  I I B ,  . . . .  There i s  no 

l i m i t  on the  number of  p a r t i c l e  types program HEAVY can handle .  

However, i f  s a t u r a t i o n  curves produced i n  program RECOMB a re  

used,  t he  number and order  o f  p a r t i c l e  Cypes input  i n  program 

HEAVY must agree with those input  i n  program RECOMB. When the  

p a r t i c l e  type i s  a proton (I'IYP = 2), no add i t iona l  da t a  i s  

needed on t h a t  input  card .  

7 . 4  1/0 F i l e  Requirements 

F i l e  Unit  DescriDtion Reauired 

INN 5 Card Input  

IOUT 6 Pr in ted  Output 

Always 

Always 

MGEOM 16 Geometry Data Scratch Always 

MHEAVY 18 Recoil  Heavy Ion and Charged Always 
P a r t i c l e  Tape Input 

MLIGHT 8 Recombination Data Input IF  MABC > 0 

MSAVE 9 Energy Deposit ion Data I F  > 0 

Arrays Output 

7.5 JCL Requirements 

The job  c o n t r o l  language (JCL) needed t o  run a HEAVY case a t  

X - 1 0  i s  

(Job ca rd ,  rou te  and jobparm cards)  
//HEAVY EXEC PGM=HEAVY,REGION=1024K 
//STEPLIB DD DSN=X,JOJ24337,PROG,DISP=SWR 
//FT05F001 DD DDNAME=SYSIN 
//FT06F001 DD SYSOUT=A 
(DD Cards f o r  Logical Units 1 6  and 18) 
(DD Cards f o r  Logical Unit  8 i f  MABC > 0 )  
(DD Cards f o r  Logical Unit 9 i f  MSAVE > 0)  
//SYSIN DD >v 
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( Input  Cards) 

/* 
// 

7 . 6  Sample Problem 

A complete l i s t i n g  of the  JCL and input  cards  f o r  t he  sample 

problem i s  given i n  Figure 18 and some se l ec t ed  output  are shown i n  

Figure 1 9 .  The problem demonstrates the  processing of t he  recoi l  

heavy ion  and charged p a r t i c l e  tape produced i n  the  sample problem 

f o r  program NEUTRON. More s p e c i f i c a l l y ,  t he  sample problem ca lcu-  

l a t e s  the  ion iza t ion  chamber response due t o  the  2 5 2 C f  neutron 

source.  I t  was determined from the  NEUTRON rim output  t h a t  f i f t e e n  

d i f f e r e n t  r e c o i l  heavy ions and charged p a r t i c l e s  were produced i n  

the  ion iza t ion  chamber. Therefore stopping powers and range/energy 

tab]-es were ca l cu la t ed  f o r  f i f t e e n  p a r t i c l e  types ,  Sa tu ra t ion  

e f f e c t s  were assumed neg l ig ib l e  and the re fo re  not  input  from u n i t  

MLIGHT . 
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//JOJHEAVY JOB (24337,102),'50 JOHNSON 6025',TIME=(1,00) 
pROUTE PRINT RMT84 
/*ROUTE PUNCH RMT84 
//A EXEC PGM=HEAVY,KEGION-l024K 
//STEPLIB DD DSN==X.JOJ24337.PROG,DISP-SHR 
//FT05F001 DD DDNAME-SYSIN 
//FT06F001 DD SYSOUT=A 
//FT16F001 DD UNIT=SYSDA,DISP-(NEW,PASS), 
// DSN=&&GEOM,SPACE-(TRK,(4O,20)), 
// DCB-(RECFM=VBS,LRECLX,BLKSIZE=6447,BUFG8184,BUFNO-l) 
//FT18F001 DD DSN=MEN.XlO.JOJ.HEVSMP,DISP-SHR 
//GO.SYSIN DD * 
AB54C7879122 
AFRRI 50CC TE-TE IONIZATION CHAMBER IN NBS CF-252 FIELD 

5 6 16 18 0 0 
6 5 100 15 0 0 0 
1 0.0 2.6990E+00 

1.3000E+01 2.6982E+01 6.0268E-02 
3 6.9367E-05 1.13783-03 

6.0000E+00 1.2011E+01 2.6024E-05 
7.0000E+00 1.4007E+01 1.7129E-06 
8.0000E+00 1.5999E+01 1.74383-05 

5 6.8711E-02 1.1270E+00 
6.0000E-tOO 1.2011E+01 4.3416E-02 
7.0000E+00 1.4007E+01 1.74523-03 
8.0000E+00 1.5999E+01 2.5039E-03 
9.0000E+00 1.8998E+01 6.07583-04 
2.0000E+01 4.0080E+01 3.04943-04 

1 4.9054E-02 1.0600E+00 
6.0000E+00 1.2011E+01 4.9054E-02 

3 0.0 1.2925E-03 
7.0000Et00 1.4007E+01 4.2028E-05 
8.0000E+00 1.59993+01 1.12753-05 
1.8000E+01 3.9948E+01 2.5026E-07 

2 4.2061E-02 1.3000E+00 
6.0000E+00 1.2011E+01 5.0473E-02 
8.0000E+00 1.59993+01 8.41223-03 
1.0000E-03 2.0000E+01 

2 
1 l.OOOOE+OO 2.0000E+00 
1 1.0000E+00 3.0000E+00 
1 2.0000E+00 4.0000E+00 
1 4.0000E+00 9.0000E+00 
1 5.OOOOE-tOO 1.1000E+01 
1 5.0000E+00 1.2000E+01 
1 6.0000E-tOO 1.2000E+01 
1 6.0000E+00 1.3000E+01 
1 6.0000E+00 1.4000E+01 
1 7.0000E+00 1.4000E+01 

Figure 18. 
Sample Problem. 

Complete Listing sf JCL and Input for HEAVY 
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1 7.0000E+00 1.5000E+01 
1 7.0000E+00 1 .6000E+01 
1 8.0000E+00 1.6000E-tOl 
1 8.0000E+00 1.7000E-tOl 

(Blank Card) 

0 
RPP 
S PH 
S PH 
s PI1 
RC C 

AFRRI 50CC IONIZATION CHAMBER (0.OCM BUILD-UP CAP) 
-10.0 10.0 -10.0 1 0 . 0  0 . 0  2 0 . 0  

0 . 0  0 . 0  1 0 . 0  3 . 2 1 3 1  
0 . 0  0 . 0  1 0 . 0  2 .49936  
0 . 0  0 . 0  1 0 . 0  1 . 5 0 1 1 4  
0 . 0  0 . 0  10 .0  - 6 . 3 5  0 . 0  

0 .15875  
- 1 . 2 7  0 . 0  1 0 . 0  - 1 . 2 7  0 . 0  

0 . 4 7 6 2 5  
-2 .38125  0 . 0  1 0 . 0  - 1 . 1 9 0 6 2 5  0 . 0  

0 . 3 1 7 5  
- 2 . 5 4  0 . 0  1 0 . 0  -1 .666875  0 . 0  

1 .74625  
- 3.33375 0 . 0  1 0 . 0  -1 .349375  0 . 0  

0 . 6 3 5  
- 7.. 460625 0 . 0  1 0 . 0  - 0 . 9 5 2 5  0 . 0  

0 . 4 7 6 2 5  
-4 .524375  0 . 0  10 .0  -0 .555625  0 . 0  

0 .555625  
- 5.000625 0 . 0  10 .0  -0 .714375  0 . 0  
0 .396875  

- 4 . 1 2 7 5  0 . 0  1 0 . 0  -0 .873125  0 . 0  
1.. 666875 

- 3 . 1 7 5  0 .0  10 .0  -1.031875 0 . 0  
0 . 8 7 3 1 2 5  

- 2 .460625  0 . 0  1 0 . 0  - 0 . 7 9 3 7 5  0 . 0  
0 . 6 3 5  

- 4 . 6 0 3 7 5  0 . 0  10 .0  -1 .349375  0 . 0  
0 . 6 3 5  

-4 .92125  0 . 0  1 0 . 0  - 0 . 4 7 6 2 5  0 . 0  
1 .666875  
- 4 . 6 0 3 7 5  0 . 0  1 0 . 0  - 1 . 7 4 6 2 5  0 . 0  
0 . 7 9 3 7 5  

-5 .87375  0 . 0  1 0 . 0  -0 .47625  0 . 0  
0 . 6 3 5  

-5 .000625  0 . 0  1 0 . 0  - 0 . 9 5 2 5  0 . 0  
0 . 4 7 6 2 5  
- 2 . 2 2 2 5  0 . 0  1 0 . 0  - 1 . 0 3 1 8 7 5  0 . 0  

0 .873125  
- 4 . 1 2 7 5  0 . 0  1 0 . 0  - 2 . 2 2 2 5  0 . 0  
1 . 7 4 6 2 5  

- 5 0 0 . 0  5 0 0 . 0  - 5 0 0 . 0  5 0 0 . 0  - 5 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 

500.0 

6 RCC 

KCC 7 

8 KCC 

RCC 9 

RCC 10 

11 

1 2  

KC C 

RCC 

RCC 

RCC 

1 3  

14 

RC C 1 5  

1 6  KCC 

RCC 1 7  

1 8  KC C 

RC C 1 9  

RCC 

RCC 

20 

2 1  

22 

23 

RCC 

RP E' 
END 

Figure 18. (continued). 
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AIR 
WAL 
GAS 
COL 
ROD 
POL 

INS 
BRS 
LUC 
s LV 
VD 
END 

1 
5 

/ >? 

// 

OOR 1 -2 
OOR 2 - 3  
OOR 3 - 4  
OOR 4 - 5 0 R  
0 5 
OOR 9 - 5  

OR 1 2  -5  
OOR 13 -9 
0 16 - 11 
OOR 1 9  - 50R 
OOR 1 7  - 160R 
0 23 -1 

1 1  1 1  
3 2 3 1  

-8  -220R 22 -13 - 1 7  -18 
- 14 -210R 8 - 14 - 2 1  - 22 
-6 -150R 2 1  - 6  - 14 - 15 
6 " 5  -lOOR 7 - 5  

- 7  -160R 10 -5 -70R 11 - 5  

- 1 7  -180R 14 - 9  -100R 1.5 - 10 
- 19  - 2 0  

2 0  - 5  - 11 - 12 
18 -9 - 16 - 19 

1 1 1 1  1 1 
4 6  1 6  1 0 

Figure 18. (continued). 



AFRRI 5OCC TE-TE IONIZATION CHAMBER IN NBS CF-252 FIELD 

INN INPUT UNIT 

IOWT PRINTED OUTPUT UNIT 

MGEOM GEOMETRY DATA INPUT SCRATCH UNIT 

XXEAVY RECOIL HEAVY ION INPUT UNIT 

MLIGHT LIGHT CURVE INPUT UNIT 

MSAVK ENIRGY/LIGHT DEPOSITION ARRAYS OUTPUT UNIT 
AFRRI 50CC TE-TE IONIZATION CHAUBER IN NBS CP-252 PIILD 

UX?IAT NUMBER OF MEDIA FOR RANGE/ENBRGY CALCULATIONS 

MLLMT M I M U M  NUMBER OF ELEMBNTS IN ANY MEDIA 

NPTS NUHBER OF POXNTS IN RANGE/ENERGY TABLES 

llXITYP NUMBER OF PARTICLE TYPES IN RANGWENBRGY TABLES 

NPRT 1 /0  PRINT/NO PRINT RANGE/ENERGY TABLES 

MZFLG 0 /1  GAS/SOLID FLAG FOR THB ACTIVE MEDIA 

M B C  0 / 1  NO LIGHT CURVES/READ LIGHT CURVES 

5 

6 

16 

1 8  

0 

WSDNESDAY. AUGUST 27, 1986 

0 
WEDNESDAY. AUGUST 27, 1986 

6 

5 

1 0 0  

15 

0 

0 

0 

Figure 19. L i s t i n g  of Selected Output from HEAVY Sample 
Problem. 
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AFRRI 50CC TE-TE IONIZATION CHAMBER IN NBS CF-252 FIELD 
PARTICLKS FOR WHICH STOPPING POWERS AND RANGES ARE CALCULATED 

TABLE PARTICLE CIURGE MAS 8 
NUNBER TYPE (Z) ( A )  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 

2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

WEDNKSDAY, AUGUST 27, 1986 

A?RRI 50CC TE-TE IONIZATION CHAMBER IN NBS CF-252 FIELD WEDNESDAY, AUGUST 27, 1986 

ENERGY MEDIA MEDIA MEDIA MEDIA MEDIA MEDIA MEDIA 
THE PROTON RECOIL RANGE/ENERGY TABLE (BY INPUT GEOMETRY MEDIA) 

(KV) 1 2 3 4 5 6 

1.00000E+03 7.48033L-06 9.907721-03 4.82357E-06 5.6709OE-06 9.08075E-03 5.341538-06 
1.10521E+03 7.96031E-06 5.31074E-03 5.120731-06 6.13106K-06 9.7242815-03 5.765061-06 
1.221491+03 3.47015E-06 5.74201E-03 5.645843-06 6.623463-06 1.04106E-02 6.217941-06 
1.35000E+03 9.01146E-06 6.20295E-03 6.10031E-06 7.14975E-06 1.11422E-02 6.701661-06 
1.49293E+03 9.58605E-06 6.69512E-03 6.585661-06 7.71172E-06 1.19215K-02 7.217891-06 

1.097396+07 7.37115E-82 1.238543+02 1.269793-01 1.39502E-01 1.36064E+02 1.18783E-01 
1.21284E+O7 8.78560E-02 1.473433+02 1.51744E-01 1.66459E-01 1.61836E+02 1.416201-01 
1.34045E+07 1.04743E-01 1.75512E+02 1.8141BE-01 1.98761E-01 (.92778E+02 1.689741-01 
1.48147K+07 I.29911E-01 2.09301E+02 2.16983E-01 2.39474E-01 2.29797E~02 2.017483-01 
1.63734E+07 1.49003E-01 2.498363+02 2.59611E-01 2.838763-03 2.73995E+O2 2.410201-01 
1.80960E+07 1.77990E-01 2.98468E+O2 3.10714E-01 3.39502E-01 3.269668+02 2.880861-01 
1.999991+07 2.121933-01 3.568193+02 3.719823-01 4.06192E-01 3.90388E+02 3.44498E-01 

MEDIA HEDIA 

Figure 19. (continued). 



AFRRI 50CC TI-TE IONIEATION CHAMBER IN NBS CF-252 ?IELD WEDIESDAY, AUGUST 27, 1986 
RANGEIKNKRGY TABLE ?OR THE ACTIVE GAS RKGION 

KNERGY PARTICLE PARTICLE PARTICLE PARTICLK PARTICLE PARTICLE PARTICLK PARTICLE PARTICLE 
(KV) 1 2 3 4 5 6 7 8 9 

1.00000B+03 4.407721-03 4.60312E-03 4.195OOE-03 1.923993-03 8.874451-09 7.32748E-04 7.215291-09 6.438291-04 6.3583211-04 
1.10521E+03 5.310741-03 5.046531-03 4,629468-03 2.111681-03 9.64805K-04 7.94143g-04 7.81682K-04 6.959031-04 6.87202E-09 
1.22159K+03 5.741011-03 5.529121-03 5.10741K-03 2.31856E-03 1.04952E-03 8.61007E-09 8.473011-09 7.53039B-04 7.93368E-09 
1.35000K+03 6.20295E-03 6.053701-03 5-6327381-03 2.546521-03 1.143023-03 9.34575s-09 9.194991-04 8.151321-04 8.044941-04 
1.492031+03 6.69512E-03 6.62262E-03 6.20807E-03 2.79819E-03 1.24540E-03 1.01498K-03 9.98221E-04 8.832941-04 8.715921-04 

1.09739K+07 1.238543+02 7.39389E+Ol 5.397548+01 1.13126E+01 2.25466E+OO 1.567131+00 1.544281+00 1.221923+00 1.212771+00 
1.212E4K+07 1.47343E+02 8.835851+01 6.44411E+O1 1.34154E+01 2.57532E+00 1.765796+00 1.73633EcOO 1.36621E+OO 1.352481+00 
l.34045E+07 1.75512E+02 1.05597E+02 7.69623E+01 1.59254E+01 2.94826K+00 1.99761E+OO 1.95599K+OO 1.532651+00 1.514911+00 
1.481471+07 2.09301E+02 1.26205E+02 9.19441E+Ol 1.893281+01 3.392151+00 2.263571~00 2.21868K+OO 1.7255OE+OO 1.698141+00 
1.63734Et07 2.49836E+02 1.504061+02 1.09861E+OZ 2.25282Ec01 3.90972K+OO 2.5793Og+OO 2.512171+00 1.94648E+OO 1.91463E+OO 
1.80960E+07 2.9846811+02 1.78108E+02 1.31285E+02 2.682361+01 4.52305K+00 2.9437OE+OO 2.861391+00 2.206681+00 2.161691+00 
1.99999E+07 3.568191+02 2.11147E+02 1.56899L+02 3.196501+01 5.24788E+OO 3.372696+00 3.268971+00 2.50515E+OO 2.4510?E+00 

APIBI SOCC T%-TX XO#IZATi&R CHAKbER IN Nb.5 CP-252 FIELD WLDPissDAY, AUGUST 27, $5'86 
RANGK/KlUtRGY TABLE FOR THE ACTIVK GAS REGION 

( I V )  10 1 1  12 13 14 15 
ENERGY PARTICLE PARTICLE PARTICLE PARTICLE PARTICLE PARTICLK PARTICLE PARTICLE PARTICLE 

1.00000L1+03 
1.105211+03 
1.22149E+03 
1.350001+03 
1.49203L+03 

1.09739E+07 
1.21 284K+O7 
1.340451+07 
1.48147E+07 
1.63734B+07 
1.80960E+07 
1.99999B+07 

6.189501-04 
6.797001-04 
7.35001E-04 
7.95328K-04 
8.619233-04 

1.2057OE+OO 
1.343318+00 
1.49856E+OO 
1.67968E+OO 
1.88665E+00 
2.12651 E+OO 
2.405121+00 

5.747208-04 
6.20101E-04 
6.693231-04 
7.23251K-04 
7.81736s-04 

l.O0251E+OO 
1.113041+00 
1.237163+00 
1.381 llBt00 
1.5451 3E+00 
1.73429E+00 
1.95315E+00 

5.69794E-04 
6.14597E-08 
6.63326E-04 
7.16550E-04 
7.74326K-04 

5.655601-08 
6.098491-04 
6.58143K-04 
7.107341-04 
7.67982K-04 

5.253373-04 
5.65704E-04 
6.0977OE-04 
6.5741 2K-04 
7.09625E-04 

8.62612E-01 
9.499841-01 
1.05011E+00 
1.163301+00 
1.29246E+00 
1.440561+00 
1.60894K+OO 

5.22208E-04 
5.62286L-04 
6.059206-04 
6.531951-09 
7.098901-04 

8.6503OE-01 
9.51218E-01 
1.09992gtoo 
l.l6018E+OO 
1.28820ECOO 
1.43168L+00 
1.598491+00 

Figure 19. (continued). 



158 

- 0
 

+ 0
 

0
 

0
 

0
 

0
 

0
 

n 0
0

0
0

0
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 
0

 
0

 
0

 
0

 
0

 
0

 
0

 
0

 
0

 
0

 
0

 
0

 
0

 

N
O

D
O

Q
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

Q
 

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

 
+

+
+

+
+

 
n

n
n

n
n

 
0

0
0

0
0

 
0

0
0

0
0

 
o
o
w
*
o
 

o
-

n
r

o
 

o
n

m
r

o
 

o
-

m
o

~
n

 
O

N
P

V
)

~
 

.
-

~
N

-
(

D
 

..... 
C

C
-

r
r

 
0

0
0

0
0

 

0
 

0
 

+ 0
 

0
 

0
 

0
 

0
 

I. 
N

 

n
 

r
 

1 

0
 

0
 

+ P
 

0
 

In 
N

 
(0

 
0

 

m
 

0
 

0
 

L
 

c
 

0
 

I 

2 0 lrl 
N

 
ID

 
m
 

m
 

c
 

0
 

0
 

+ 0
 

In 
I- 
W

 

n r
 

n
 

0
 

c
 

.- 
0

 
0

 
+ 0
 

In 
- n
 

n
 

m
 

E
 

0
 

.- I 
r
_
 

0
 

r
 

0
 

I 

0
 

0
 

0
 

!n
 

N
 

W
 

r- P
 I 

n
 

0
 

0
 

+ 0
 

0
 

In 
N

 
10 
f
 

n
 

h
 

0
 

I 
R
 

0
 

0
 

0
 

0
 

!n
 

N
 

In 

0
 

I 
P

 
0

 

0
 

In 
I. 

U
 

n
 

.- i- I 

0
 

I 

0
 

0
 

In 
N

 

n 
0

 
I 
R
 

0
 

0
 

0
 

V
I 

I. n
 

m
 

c
 I 

r
 

C
I 
I. 

W
 I 

c
 

r
 

I 
r
 

I 
m
 I 

In I 
r
 

I 
.- I 
.- 

- 0
 

+ 0
 

0
 

0
 

0
 

0
 

0
 

0
 

n 

c
 

0
 

.- 0 + 0
 

0
 

0
 

0
 

0
 

0
 

0
 

n
 - 

c
 

0
 

r
 

0
 

+ P
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

c
 

0
 

+ 0
 

0
 

0
 

0
 

0
 

0
 

0
 

n c
 

c
 

0
 

+ 0
 

0
 

0
 

0
 

0
 

0
 

0
 

n
 c
 

r
 

0
 

+ 0
 

0
 

0
 

0
 

0
 

0
 

2 r
 

T
- 

O
 

+ 0
 

0
 

0
 

0
 

0
 

0
 

0
 

n
 

.- 

0
 

+ 0
 

0
 

0
 

0
 

0
 

0
 

0
 

n
 

+ 0
 

0
 

0
 

0
 

0
 

0
 

0
 

n
 

+
+

+
+

+
 

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
 

n
n

n
n

n
 

o
o
o
q
o
 

.
.

I
 

* 
c

r
c

-
-

 
I 

r
 

0
 

0
 

/I 
5 0 0

 
... 

r
 

c
 

u fi 
r
 

r
 

r
 

+ 
0

 
0

 
0

 
8
 

0
 

0
 

0
0

0
0

0
 

0
 

n
 ..... 

,
?

 9 
9 

9
 

9 
9
 

9 
9
 

9 
9

:
 9 

.
-
O
O
b
O
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 



RCC 19 -5.8737500D+00 0.0 1.OOOOOOOD+O1 -4.76250000-01 
6.35OOOOOD-01 

RCC 20 -5.000625OD+OO 0.0 1~OOOOOOOD+O1 -9.525OOOOD-01 
4.7625OOOD-01 

RCC 21 -2.22250OOD+OO 0.0 1~0000000D+01 -1.0318750D+OO 
8.7312500D-01 

1.7462500D+00 
RCC 22 -4.1275OOOD+OO 0.0 1.0000000D+01 -2.2225OOOD+00 

RPP 23 -5~0000000D+02 5.0000000D+02 -5.0000000D+02 5.0000000D+02 
BRD 24 0.0 0.0 0 . 0  0 .0 

NIJMBSR OF BODIES 23 

LENGTH OF FPD-ARRAY 210 

AFRRI 50CC IONIEATION CHAHBER to.ocn BUILD-UP CAP) 

INPUT ZONE DATA 

AIR 
UAL 
GAS 
COL 
ROD 
POL 

INS 
BRS 
LUC 
SLV 
VD 

END 
NUUBER 

OOR 1 -2 
OOR 2 -3 
OOR 3 -4 
OOR 4 -50R 
0 5 0 
OOR 9 -5 
OOR 12 - 5  
OOR 13 -9 
0 16 - 1 1  
OOR 19 -50R 
OOR 17 -16011 
0 23 -1 
0 0 0 

OF INPUT ZONES 

-8 
-1 4 

-6  
6 
0 

-7 
0 

-1 7 
-19 

20 
18 
0 
0 

1 1  

NUMBER OF CODE ZONES 23 

-220R 
-210R 
-150R 
-5 
0 

-1 60R 
0 

-1 8OR 
-20 

- 5  
-9  

0 
0 

0.0 0.0 161 

0.0 0.0 170 

0.0 0.0 179 

0.0 D.0 188 

~5.0000000D+02 5.0000000D+OZ 197 
0.0 0.0 205 

22 -13 -17 -lB O Z l  
8 -14 -21 -22  0 2 3  

21 -6  -14 -15 0 1 5  
-100R 7 -5 0 O E ’ I  

0 0 0 0 0 r. ( 0  
10 -5 -70R 1 1  -5 E 1 1  
0 0 0 0 0 I 1 9  
14 -9 -100R 15 -10 Z 15 
0 0 0 0 0 e 18 

- 1 1  -12 0 0 0 I 19 
-16 -19 0 0 0 E 21 

0 0 0 0 0 E 23 
0 0 0 0 0 E 24 

LENGTH OF INTEGER ARRAY 575 

Figure 19. (continued). 



APBRI 50CC IONXEATION CfUMBER (O.OCH BUILD-UP CAP) 

CODE ZONE INPUT ZONE ZONE DATA LOCATIONS NUMBER OF BODIBB 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13 
14 
15 
16 
17 
18  
1 9  
20 
21 
22  
23 

1 
1 
a 
2 
3 
3 
4 
4 
4 
5 
6 
6 
6 
6 
7 
7 
7 
8 

9 
9 

10  
10 
11 

162 
179 
196 
21 3 
230 
247 
264 
273 
286 
295 
300 
31 7 
330 
339 
340 
3 6 5  
378 
387 
4 0 4  
413 
430 
439 
456 

9 
4 
4 
4 
4 
4 
2 
3 
2 
1 
4 
3 
2 
2 
4 
3 
2 
4 
2 
4 
2 
4 
2 

REGION NUHBIR 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
7 
1 
1 
1 
1 
1 
1 
1 
1 

MEDIA WUnBlR 

5 
5 
3 
3 
2 
2 
3 
3 

3 
1 
4 
4 
4 
4 
6 
6 
6 
1 
6 
6 
1 
1 

0 

Figure 19. (continued). 



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

AFRRI SOCC IONIZATION C W 5 S R  10.0CE BUILD-UP CAP) 

lCRl(1) KR2(I) 
1 2 
3 4 
5 6 
7 9 
10 10 
1 1  14 
15 17 
18 18 
19 20 
21 22 
23 23 

MORSE RSEIION IN INPUT ZONE(1) ARRAY HRIZ(I),I=1,11) 

1 1 1 1 1 1 1 1 1 1 1  

HORSE HEDIA IN INPUT ZONS(II ARRAY ~IZ(I),I=l,ll) 

5 3 2 3 1 4 6 1 6 1 0  
OPTION 0 WAS USED IN CALCULATING VOLUMES ?OR 1 REGIONS 

0-$ST VOLUMES = 1 ,  1-CONCENTRIC SPHERES, 2-SLABS, 3-INPUT VOLUMES. 

VOLIJHBS (CH**) USED IN COLLISION DENSITY AND TRACK LENGTH SSTIHATORS. 
RSGION 1 
VOLUHE 1.000D+00 

CORE STORAGE ALLOCATED (LEN) = 100000 CORE STORAGE USED (KLAST) = 92801 

TIME RSQUIRED FOR INPUT WAS 21 SECONDS. 

Figure 19. (continued). 



AlRRI 50CC TE-TI IONIZATION CHlUlBER IN NBS CF-254 FIELD WEDNESDAY, AUGUST 27, 1986 
NUUBKR OF NEUTRONS PER BATCH= 2500 NUMBER OF BATCHES PER RUN= 5 

END OF RECOIL HEAVY IONS PRODUCED IN BATCH 1 

TIUE REQUIRED FOR THE PRECEEDING BATCH WAS 3 SECONDS. 
END OF RECOIL HEAVY IONS PRODUCED IN BATCH 2 

TIME REQUIRED FOR THE PRl?CIEDIIYG BATCH WAS 3 SECONDS. 
END OT RECOIL HEAVY IONS PRODUCED IN BATCH 3 

TI= REQUIRED FOR THE PRECEEDING BATCH WAS 3 SECONDS. 
SND OF RECOIL HEAVY IONS PRODUCED IN BATCH 4 

TIME REQUIRED FOR THE PRECEEDING BATCH WAS 3 SECONDS. 
END OF RECOIL HEAVY IONS PRODUCED IN BATCH 5 

TIUl REQUIRED FOR THE PRECEEDING BATCH WAS 3 SECONDS. 
END OY RECOIL HSAVY IONS PRODUCED IN THIS RUN 

TIME REQUIRED FOR THE PRECEEDING 5 BATCHES WAS 39 SECONDS 

Figure 19. (continued). 



AFRRI 50CC TE-TI IONIZATION CHAMBER IN MBS (2-252 FIELD 
16 NEUTRONS UNDERWENT COLLISIONS IN THE ACTIVE KEDIA 

1.21266D+07 EY OF KNERGY WAS DEPOSITED BY THE HEAVY ION RECOILS 

RESULTING FROM THESE COLLIGIONS (WITH WO TRANSPORT) 

23 NEUTRONS TOTAL, UNDERWENT COLLISION6 WHICH DEPOSITED 

ENERGY IN THE ACTIVE XEDIA (WITH TRANSPORT) 

5.80252D+06 EV OF ENERGY WAS DEPOSITED BY THE HEAVY ION RECOILS 

RESULTING ?ROM THESE COLLISIOWS (WITH TRANSPORT) 

3.47301D+06 EV OF ENERGY WAS DEPOSITED BY THE HEAVY ION RECOILS 

ORIGINATING PROM COLLISIONS IN THE ACTIVE MEDIA 

2.32951D+06 EV OF ENERGY WAS DEPOSITED 3Y THE HEAVY ION RECOILS 

ORIGINATING FROM COLLISIONS IN ALL OTHER MEDIA 

WEDNESDAY. AUGUST 27.  1986 

P 
m 
W 

Figure 19. (continued). 
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AFRRI 50CC Tg-TB IONIZATION CHAHBER IN NBS CF-252 FIELD WEDNESDAY, AWGUBT 27. 1986 
SUIMARY OF PARTICLES WHICH DEPOSITED ENERGY IN THE ACTIVE GAS (ENERGY WITH TRANSPORT) 
TABLE PARTICLE CHARGE M S S  NZR(BER ENERGY 

NUHBER TYPE (ZI ( A )  CONTRIBUTING DEPOSITED 

1 2 1.0000B+OO 1.0000E+00 22 5.548250+06 
2 1 l.OOOOE+OO 2.0000E+00 0 0.0 
3 1 l.OOOOE+OO 3.00001+00 0 0.0 
4 1 2.0000E+OO 4.OOOOE+OO 0 0.0 
5 1 ~.0000E+00 9.0000E+00 0 0 . 0  
6 1 5.00OOE+OO 1 .1000E+01 0 0.0 
7 1 5.0000L+00 1.2000E+01 0 0.0 
8 1 6.00OOE+OO 1.20001+01 1 2.54271D+05 
9 1 6.00OOE+OO 1.3000E+01 0 0.0 
10 1 6.0000E+00 1.4000E+01 0 0.0 
I 1  1 7.0000E+00 1.4000B+01 0 0.0 
12 1 7.0000E+00 1.5000E+01 0 0.0 
13 1 7.00OOE+OO 1.6000131+01 0 0.0 
14 1 8.000OE+00 1.6000E+01 0 0.0 
15 1 8.ooooz+oo 1.7000E+01 0 0.0 

AFRRI 50CC TE-TE IONIZATION CHAMBER IN NBS CF-252 FIELD WEDNESDAY, AUGUST 27, 1986 
SWHMARY OF PARTICLES WHICH DEPOSITED ENERGY IN THE ACTIVE GAS (LIGHT ENERGY WITH TRANSPORT) 
TABLE PARTICLE CHARGE M S  s NUMBER ENBRGY 

NUMBER TYPE IZ) (A) CONTRIBUTING DEPDBITED 

1 2 1.0000E+00 l.OOOOE+OO 
2 1 1.00001+00 2.000OE+OO 
3 1 1.0000E+00 3.0000E+00 
4 1 2.0000E+00 4.0000E+00 
5 1 4.OOOOE+OO 9.00OOE+OO 
6 1 5.0000E+00 1.10008+01 
7 1 5.00OOE+OO 1.2000E+01 
6 1 6.0000E+00 1.2000E+Ol 
9 1 6.0000E+00 1.3000E+01 
10 1 6.00OOE+OO 1.4000E+01 
1 1  1 7.00OOE+OO 1.40OOE+O1 
12 1 7.0000E+00 1.5000E+01 
13 1 7.0000E+00 1.6000E+01 
14 1 8.0000E+00 1.6000L1+01 
15 1 8.0000E+00 1.7000E+01 

TOTAL CPW TIHK FOR THIS PROBLEM WAS 0 . 6 5  HINWTES. 

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

5.54825D+06 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.54271D+05 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  

Figure 19. (continued). 
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8 . 0  PECSP - A CODE FOR PROCESSING PHOTON AND ELECTRON 
CROSS SECTION AND MATERIAL DATA 

.... 

8.1 Code Description 

The program PECSP is designed to generate cross sections an& 

material data for the PHOTON code, and also to provide options for 

studying or simulating electromagnetic interactions. For the 

transport of photons, PECSP generates data for pair production, 

Comptom scattering, and photoelectric processes. For the transport 

of charged particles (electrons or positrons), PECSP generates data 

for elastic Coulomb scattering off the nucleus, inelastic scattering 

o f f  the atomic electrons, bremsstrahlung production, and electron- 

positron annihilation. These interactions are currently the only 

ones considered in program PHOTON. The production of the cross 

sections and material data in PECSP is executed through functionals, 

i.e., operations whose arguments are functions. Included among 

these operations are: 

1. Fitting of  functions using piecewise linear fits 

2. Production of print plots of  selected €unctions 

3 .  Evaluation of functions at selected points 

4 .  Selection of energy cutoffs for fitted data 

5. Punching o f  fitted data 

Processing the cross sections and material data through functionals 

avoids the necessity of having a separate call to the associated 

utility routines for each physical function on which it might be 

desired to operate. 
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The program PECSP is equivalent to the PEGS7 code. The name 

w a s  changed to accommodate the program naming convention in MICAP 

The subroutine hierarchy of program PECSP is shown in Figure 20. A 

list of the program subroutines and their functions is given in 

Table 31 and a list o f  the program functions and their purpose is 

given in Table 32. These figures and tables along with the i-nput 

data t a b l e  (Table 3 3 )  were reproduced from the PEGS manual. f o r  

completeness 
ORNL DWG 88 15421 

I 

p FUNCTION 

MULTIPLEXER 

ALIN AMOLRM BREMOZ COMPFM PAIRDZ PHOTTZ 
ALINI A M O L l M  BRMSDZ COMPRM PAIRFZ PHOTTE 
AONE ANlHOPll BREMFZ COMPTY PAlR,RM PSlG 
ADFMOL ANIHFM BRMSFZ EBINU PAIRRR SPIONE 
ADIMOL ANIHRM BREMRR EBRl PAIRRZ SPIONP 
AODMOL ANIHTM BREMRM EDEDX PAIRTE SPTOTE 
ALOG APRIM BREMRZ ESlG PAIRTM SPTOTP 
EXP BHABDM BREMTM FCOULC PAIRTR TMXB 
AREC BHABFM EREMTR GERl  PAIRTU TMXS 
ALKE BHABRM BRMSRM GBRZ PAIRTZ TMXOEZ 
ALKEI BHABTM BRMSRZ GMFP PBRl XSlF 
AMOLOM BREMOR ERMSTM PAIROR PER2 
AMOLFM BREMFR COMPDhl PAIRFR PDEDX 

Figure 20.  Subroutine Hierarchy in Program PECSP. 
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Table 31. Subroutine Functions In Program PECSP 

Sub r ou t ine Function 

DECK Subprogram to produce a deck of 
material dependent data (for subsequent 
use by PHOTON). 

DIFFER Determines the various parameters 
needed for bremsstrahlung and pair 
production energy sampling. 

EFUNS 

GFUNS 

Subprogram to compute electron 
functions to 'be fit in a way 
that avoids repetition. 

Subprogram to compute photon 
€unctions to he fit in a way 
that avoids repetition. 

HPLT Creates line printer plot comparisons 
of  PHOTON-sampled data (via TESTSR code) 
and theoretical functions of PECSP. 

MIX Computes Z-dependent parameters 
that reside in COMMON/MOLVAR/. 

MOLIER Computes material independent 
multiple scattering data. 

PLOT Subprogram to plot a given function 
(referenced by number). 

PMDCON Determines the physical, mathematical, 
and derived constants in a very 
mnemonic way. 

PWLF Subprogram to piecewise linearly fit 
up to 10 functions simultaneously on 
an interval (XL,XU). 

S P I N I T  Initializes stopping power functions 
for a particular medium. 

.- 
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Table 32. Function Purposes in Program PECSP 

Function PurDose 

AINTP 

ALKE 

ALKEI 

ALIN 

ALINI 

AONE 

ADFMOL 

ADIMOL 

ADDMOL 

AMOLDM 

AMOLFM 

AMOLRM 

AT4OLTM 

ANIHDM 

ANIHFPI 

ANIHRM 

Linear or l o g  interpolation function. 

Log of kinetic energy (ALOG(E-Wf)), 
used as a cumulative distribution 
function for fits and plots. 

Inverse o f  ALKE (EXP(X)+RM) 

Linear cumulative distribution 
function for plots (AI,IN(X)=X). 

Inverse of ALIN (same as ALIN). 
Used as inverse cumulative distribution 
function in plots. 

Derivative of ALTN (AONE(X)=I). 
Used as probability density function 
for plots. 

Appropriate cumulative distribution 
function f o r  Moller and Bhabba cross 
sections (ADFMOL(E)=-l/(E-RM)). 

Inverse of ADFMOL. 

Derivative of ADFMOL. 

Moller differential cross section for 
a mixture of elements. 

"One argument" form of AMOLDM. 

Moller cross section, integrated over 
some energy range, for a mixture of 
elements. 

Moller total cross section for a 
mixture of elements. 

Annihilati-on differential cross 
section for a mixture of elements. 

"One argument" form of ANIHDM. 

Annihilation cross section, integrated 
over some energy range, for a mixture 
of elements. 
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Table 32. (continued) 

Function Purpose 

ANIHTM 

APRIM 

AREC 

BHABDM 

BHABFM 

BHABRM 

BHABTM 

BREMDR 

BREMFR 

BREMDZ 

BREXFZ 

BREMRM 

B R E W  

BREFlRZ 

Annihilation total cross section for 
a mixture of elements. 

Empirical correction factor in 
bremsstrahlung cross section. 

Reciprocal function (derivative of  
ALOG(X)). Used as probability density 
function in l o g  plots (AREC(X)=l/X), 

Bhabha differential cross section f o r  
a mixture of elements. 

"One argument" form of BMABDM. 

Bhabha cross section, integrated over 
some energy range, for a mixture of 
elements. 

Bhabha total cross section for a 
mixture of  elements. 

Bremsstrahlung differential cross 
section for a "run-time" mixture 
of elements. 

"One argument" form of BREMDR. 

Bremsstrahlung differential cross 
section f o r  an element. 

"One argument'' form of BREMDZ. 

Bremsstrahlung cross section, 
integrated over some energy range, for a 
mixture o f  elements. 

Bremsstrahlung cross section, 
integrated over some energy range, for a 
"run- time" mixture of elements. 

Bremsstrahlung cross section, 
integrated over some energy range, for 
an element. 
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Table 32. (continued) 

._ 
Function Purpose 

BREMTM 

BREMTR 

BRMSDZ 

BKMSFZ 

BRMSRM 

BRMSRZ 

BRMS TM 

COMPDM 

COMPFM 

COMFRM 

COMPTM 

DCADRE 

EBIND 

EBRl 

EDEDX 

Bremsstrahlung total cross section 
for a mixture o f  elements. 

Bremsstrahlung total cross section 
for a "run-t:ime" mixture of elements 

Soft bremsstrahlung differential 
cross section for an element. 

"One argument" form of BRMSDZ. 

S o f t  bremsstrahlung cross section, 
integrated over some energy range, for a 
mixture of elements. 

Soft bremsstrahlung cross section, 
integrated over some energy range, f o r  an 
element. 

Soft bremsstrahlung total cross 
section for a mi-xture o f  elements. 

Compton differential cross section 
for a mixture of  elements. 

"One argument" form for COMPDM. 

Compton cross section, integrated 
over some energy range, f o r  a mixture 
of elements. 

Compton total cross section f o r  
a mixture of elements. 

Quadrature routine to integrate f(x) 
between a and b using cautious 
Romberg extrapolation. 

Function to get an average photoelectxic 
binding energy. 

Function to determine the electron 
branching rat:io (BrernjTotal) . 
Evaluates SPTOTE with cutoffs energies 
of AE and A P .  
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Table 32. (cont€nued) 

Function Purpose 

ESIG 

FCOULC 

F I  

GBR1 

GBR2 

GMFP 

ImTNT 

PAIRDR 

PAIRDZ 

PAIRFR 

PAIRFZ 

PAIRRM 

PAIRRR 

PAIRRZ 

Determines the total electron 
interaction cross section (probability 
per radiation length). 

Coulomb correction term in pair 
production and bremsstrahlung cross sections. 

Function multiplexer. 

Function to determine the gamma-ray 
branching ration (Pair/Total). 

Function to determine the gamma-ray 
branching ratio ((Pair+Compton)/Total). 

Function to determine the gamma-ray 
mean free path. 

Given PECSP functim name, it looks 
it up in name table and returns the function 
index. Used by options that specify functions 
by name. 

Pair production differential cross 
section for a "run-time" mixture of elements 

Pair production differential cross 
section for an element. 

"One argument" form of PATRDR. 

"One argument" form of PAIRDZ 

P a i r  production cross section, 
integrated over sone energy range, for a 
mixture of elements. 

Pair production cross section, 
integrated over soLne energy range, f o r  a 
"run- time" mixture of elements. 

Pair production cross section, 
integrated over soae energy range, 
for an element. 
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Table 32. (continued) 

_..__.._l-l 

Purpose 
I- 

Function 

PAIKTE 

PAIKTM 

PAIRTR 

PAIRTU 

PAIRTZ 

PBRl 

PBR2 

PDEDX 

PHOTTE 

PHOTTZ 

PSIG 

QD 

QFIT 

Emp i r ic a1 tot a1 pair pr oduc t ion 
cross section for a mixture 
(SUM(PZ(I))*PAIKTZ(Z(r)))). 

Pair production total cross section 
for a mixture of elements, obtained by 
numerical integration o f  differential 
cross section. 

Pair production total cross section 
for a "run-time" mixture of elements 

Pair production total cross section 
actually "used". Same as PAIRTE for primary 
energy less than 50 MeV; otherwise, same as 
PAIRTM. 

Computes contribution to empirical 
pair production total cross section for an 
element assuming one atom per molecule. It 
is obtained by log-linear interpolation of 
Israel-Storm data. 

Function to determine the positron branching 
ratio (Brem/Total). 

Function t o  determine the positron branching 
ratio ((Breml-Bhabha)/Total) . 
Evaluates SPTOTP with cutoff energies of 
AE and AP. 

Determines the proper mix of PHOTTZ's 
for a mixture. 

Determines the interpolated total photoelectric 
cross section from tabulated data. 

Determines the total positron interaction cross 
section (probability per radiation length). 

Driver function for DCADRE, the numerical 
integration routine. 

Utility logical function for the piecewise 
linear fit subroutine, PWLF. It returns .TRUE. 
if a given partition gives a good fit. 
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Table 32. (continued) 

Function Purpose 

SPIONB 

SPIONE 

SPIONP 

SPTOTE 

SPTOTP 

TMXB 

TMXS 

TMXDE2 

XSIF 

ZTBL 

Does the work for SPIONE and SPIONP. 
One argument tells whether to compute stopping 
power f o r  electron or positron. 

Calculates the stopping power due to 
ionization for electrons. 

Calculates the stopping power due to 
ionization for positrons. 

Calculates the total stopping power 
(ionization plus soft bremsstrahlung) for 
electrons for specified cutoffs. 

Calculates the total stopping power 
(ionization plus soft bremsstrahlung) for 
positrons for specified cutoffs. 

Determines the maximum total s t e p  length 
consistent with Bethe's criterion. 

Determines the minimum of TMXB and 10 
radiation lengths. 

Included for possible future modification 
purposes (-TMXB/(E**2*BETA**4)). It mrght be 
easier to fit this quantity than to fit TPKB and 
then apply the denominator in PHOTON as run-time. 

Function to account for bremsstrahlung and pair 
production in the field of the atomic electrons. 

Given the atomic symbol for an element, it 
returns the atomic number. 
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8 . 2  Input Requlrements 

The following table summarizes the input cards that are 

required in order to execute a PECSP case. 

Table 3 3 .  PECSP Options and Input Speciftcations 

I___._.. I_ 

Card Format Variables Read Comments 

ELEMI 

ELEM2 

ELEM3 

ELEM4 

COMPl 

COMP2 

(4~1) 

NAMELIST/INP/ 

(24A1, 
6 X ,  24A1. ) 

NAMELIST/INP/ 

OPT(1:4) 

RHO 

MEDIUM (1:24) 

IDSTRN(1:24) 

ASYM ( 1 ) 

OPT(1:4) 

NE 

RHO 

(PZ(I),I=l,NE) 

’ ELEM‘ . Means “select 
material is an element.” 

Optional I If given, 
this over-rides the PE SP 
default density (gm/cm ) 
for the element. 

5 

Optional. Atomic weight 
of element. If given, 
this over-rides the 
PECSP default. 

Identif i-er assigned to 
data s e t  to be produced. 

Optional. Identifier of 
medium name under which 
desired Sternheiiner 
coefficients are 
catalogued in PECSP. 
If not specified, the 
identifier in MEDIUM 
(1:2.4) is used. 

Atomic symbol for 
element. 

‘ COMP’ . Means “select 
materi.al. that is a 
compound. I’ 

Number of elements in 
compound. 

Density (gm/cm ) of 
compound. 

3 

Relative numbers of 
atoms in compound. 
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Table 3 3 .  (continued) 

Card Format Variables Read Comments 

(WA(I),I=l,NE) Optional. May be used 
to over-ride default 
atomic weights 
(e.g., to allow f o r  
special isotopes). 

COMP3 (24A1, MEDIUM, IDSTRN Same as ELEM3. 
6X, 24A1) 

COMP4 (24 (A2 9 (ASYM(I),I-1,NE) Atomic symbols for 
I X >  1 the atoms in the compound. 

Duplicates are allowed if 
several isotopes of the 
same element are present. 

MIXTl (4~1) 

MIXT2 NAMELIST/INP/ 

OPT(1:4) 'MIXT'. Means "select 
material that i s  a 
mixture ~ It 

NE Number of elements in 
mixture. 

3 
RHO Density (gm/cm ) of 

mixture. 

(RHOZ(I),I-1,NE) Relative amount of atom 
in mixture (by weight). 

(WA(I),I==l,NE) Optional. May be used 
to over-ride default 
atomic weights. 

MIXT3 (24A1, FIEDIUM,IDSTRN Same as ELEM3 
(6X, 24Al) 

MIXT4 (24 (A2, (ASYM(I),I=l,NE) Same as COMP4. 
w ) 

ENERl (4A1) OPT(1:4) ' ENER' . Means "select 
energy limits. IT 

ENER2 NAMELIST/INP/ AE Lower cutoff energy 
(total) for charged 
particle transport (MeV). 
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Table 3 3 .  (Continued) 

~~ 

Card Format Variables Read Comments 

UE Upper l i m i t  energy 
( t o t a l )  f o r  charged 
p a r t i c l e  t r anspor t  
(MeV). 

AP 

UP 

Lower cu tof f  energy f o r  
photon t r anspor t  (MeV). 

Upper l i m i t  energy f o r  
photon t r anspor t  (MeV) 

Note: I f  the  user  suppl ies  negative values  f o r  the  energy l i m i t s  
above, absolu te  values  given w i l l  be in t e rp re t ed  a s  i n  u n i t s  
of the e l e c t r o n  rest m a s s  energy. Thus, A E = - l  i s  equi.valent 
t o  AE=0.511 MeV. 

PWLFl (4A1) OPT(1:4) 'PWLF'. Means " s e l e c t  
piecewise l i n e a r  f i t .  'I 

PWLF2 NAMELIST/INP/ Note : The following PWLF 
parameters a r e  opt iona l  
and may be over-r idden 
by the  u s e r .  The 
de fau l t  values  ( i n  
BLOCK DATA) a r e  
ind ica ted  below. 

EPE/O. 01/ Electron EP parameter. 

EPG/O. 01/ Gamma EP parameter. 

ZTHRE(1:8)/8*0./ Electron ZTHR parameter. 

ZTHRG(1:3) /  Gamma ZTHR parameter 
o . ,  . l , O . /  

ZEPE(l:8)/8*0./ Electron ZEP parameter 

ZEPG(1:3)/ Gamma ZEP parameter. 
O.,.Ol,O./ 

NIPE/20/  Electron NIP parameter.  

NIPG/20/ Gamma N I P  parameter 

NALE/$MXEKE/ Electron NIMX parameter. 
. .. .- _.. ... . __.. . . . . . ...... -.... 
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Table 3 3 .  (continued) 

- 
Card Format Variables Read Coinmerits 

DECK1 

DECK2 

TEST1 

TEST2 

CALL1 

CALL2 

CALL3 

PLTIl 

NAMELIST/INP/ 

( 4A1) 

NAMELIST/INP/ 

PLTI2 NAMELIST/INP/ 

NALG/$MXGE/ Gamma NIKY parameter, 

OPT(1:4) 'DECK'. Means "Punch fit 
data and other useful 
parameters. I' 

OPT(1:4) 

NPTS 

OPT(1:4) 

XP ( 1 : 4) 

NAME(1:6) 

OPT(1:4) 

I FUN 

XP ( 1 : 4 )  

IV 

No parameters. 

'TEST'. Means "Plot the 
fitted furictions. I t  

Optional. Number of  
points to plot pes 
function (Default-50). 

'CALL' . Means "Call the 
designated Eunc t i o n  and 
print value. I t  

Values f o r  up to four 
arguments of the function. 

Name of funct€on to 
be evaluated. 

'PLTI' . Means "Plot 
function given its index 
and the index of the 
distribution function. I' 

The index of the function 
to be plotted. 

Values for the static 
arguments (parameters), 

Vas iab le t e 11 ing which 
argument is to be varied 
(e.g., IV=2 means plot 
function vs. its second 
argument). 

VLO Lower limit f o r  argument 
being varied. 

VHI: Upper limit for argument 
being varied. 



180 

Table 3 3 .  (continued) 

___.__..._ ~ 

Card Fo r m a t  Variables  Read Comments 

PLTNl 

PLTN2 

PLTN3 

HPLTl 

(4A1) 

NAMELIST/INP/ 

lIPLT2 NAMELIST/INP/ 

NPTS 

IDF 

MP 

OPT(1:4) 

XP(1:4),IV, 
VLO , V H I  , NPTS , 

IDF, HD 

NAME( 1 : 6 )  

IDFNAM(1:6) 

OPT(1:4) 

E 1  

I SUB 

Number of po in t s  t o  p l o t .  

Index o f  d i s t r i b u t i o n  
func t ion  used t o  s e l e c t  
independent va r i ab le  

May be used t o  s e l e c t  
p r i n t e r  vs. graphic p l .o t  
output .  Not c u r r e n t l y  
opera t iona l  ( i . e . ,  only 
p r i n t  p l o t s  a r e  produced).  

' PLTN' . Means "Plot: the 
named func t ion .  

Same a s  PLTI2.  

N a m e  ( 6  cha rac t e r s )  of 
func t ion  t o  be p l o t t e d .  

N a m e  o f  d i s t r i b u t i o n  
functi-on t o  be used. 

'HPLT' . Keans "P lo t  
histogram t o  compare t he  
sampled spectrum with the 
range- in t eg ra t ed  atid the 
d i f f e r e n t i a l  t h e o r e t i c a l  
va lues .  I' 

Tota l  energy o f  t e s t  
p a r t i c l e  (MeV). 

Variable  t e l l i n g  which 
func t ion  i s  being t e s t e d  

l = P A I R  
2=COMPT 
3=BREMS 
4=M0TALER 
5=BI-UBRA 
6=ANNIH 
7=MS CAT 
(not  implemented). 
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. ..... . ... 

Table 3 3 .  (continued) 

Card Format Variables Read Comments 

HPLT3 ( '  TEST DATA FOR ROUTINE=',12Al,', SAMPLES-', 
110,'NBINS-',IS) 

NAMESB(1:lZ) Name of subroutine tested. 

NTIMES Number of samples. 

NBINS Number of  histogram bins. 

HPLT4 ( '  IQI=',I~,',RNLO,RNHI~',~F~~.~,',IRNFLG-',I~) 

IQI Charge of test particle. 

RNLO , RNHI Lower and upper limits to 
random number preceding 
call to test function. 

IRNFLG Non-zero means to "apply 
above limits to preceding 
random number t o  test for 
correlation." Zero value 
means "don' t do this. 

HPLT5 (918) NH(1:NBINS) The sampled data (from 

, . . etc. TESTSR) . 

8 . 3  Input Data Notes 

ELEM This option is used to specify a material which has only 

one type of  atom. 

COMP This option is used to specify a material which has more 

than one type of atom and it is desired to give the proportion 

by the relative number of atoms. 

MIXT This option is similar to the COMP option except the 

relative atomic portions are given by weight. 

ENER This option defines the electron and photon energy 

interval over which fits to total cross sections and branching 

ratios are made. 
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PWLF This option performs simultaneous piecewise linear fits 

of  the electron and photon functions over their respective 

energy intervals. 

DECK This option prints and punches all data that might be of 

use in program PHOTON. 

TEST This option is used as an easy way to obtain plots of all 

the functions that the PWLF option fits. 

CALL This option is used whenever the user desires to have 

PECSP evaluate a particular function and print out the results. 

PLTI and PLTN 

of any o f  the functions in the PECSP function table. 

These options are used to obtain printer plots 

8 . 4  1/0 File Requirements 

File Unit Description Required 

IN 5 Card Input Always 

IO 6 Printed Output Always 

IP 7 Punched Deck Always 

IDAT 8 PHPRNM Data File Always 

ISCR 9 Scratch Unit Always 
- ~ _ _ _  

__I___ 

8.5 JCL Requirements 

The job control language (JCL) needed to run a PECSP case at 

X - 1 0  is: 

(Job card, route and jobparm cards) 
//PECSP EXEC PGM=PECSP,REGION=1024K 
//STEPLIB DD DSN=X.JOJ24337.PROG,DISP=SHR 
//FT05F001 DD DDNAME=SYSIN 
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//FT06F001 DD SYSOUT-A 
(DD Cards f o r  the Output Unit) 
//FT08F001 DD DSN=MEN.XlO.JOJ.PHPR.DATA.LIST,DISP=SHR 
(DD Cards f o r  the Scratch Unit) 
//SYSIN DD * 
( INPUT DATA) 

/* 
// 

8.6 Sample Problem 

A complete l i s t i n g  of t he  JCL and input  cards  f o r  the  sample 

problem i s  given i n  Figure 2 1  and some se l ec t ed  output is shown i n  

Figure 2 2 .  The problem demonstrates the generat ion of c ross  sec -  

t i o n s  and mater ia l  da ta  f o r  an element, a compound, and a mixture. 



1 8 4  

//JOJPECSP JOB (24337,IOl),’JO JOHNSON 6025’,TIME=(3,00) 

//A EXEC PGM=PECSP,REGION=2048K 
//STEPLIB DD DSN=X.JOJ24337.PROG,DISP=SHR 
//FTOSF001 DD DDNAME=SYSIN 
//FT06F001 DD SYSOUT=A 
//FT07F001 DD UNIT==3330V,VOL=SER-=VINTO9,DISP-(NEW,CATLG),  
// DCB=(RECFM-FB,LRECL=8O,B~SIZE=32OO),SPACE=(TRK,(lOO,20),RLSE), 
// DSN=MEN.XlO.JOJ.PEGS.OUT 
//FT08F001 DD DSN=MEN.XlO.JOJ.PHPRM.DATA.LIST,DISP=SHR 
//FT09F001 DD SYSOUT=A,DCB=(RECFM==FBA,LRECL=133,BLKSIZE=3458) 
//SYSIN DD -X- 

ELEM 

GRAPHITE 
C 
ENER 

PWLF 

DECK 

TEST 

MXXT 

TE PLASTIC 
H C 0 N C A F  
ENER 

PWLF 

DECK 

TEST 

COMF 

POLYSTYRENE 
C H  
ENEK 

PWLF 

DECK 

TEST 

/>kROUTE PRINT RMT84 

&INP RH0=1.71,WA(1)=12.01115 &END 

&INP AE=0.516,UE=15.511,AP=O.OOl,UP=15.0 &END 

&INP &END 

&INP &END 

&INP &END 

&INP NE=6,RHO=1.127,RHOZ=10.2,76.8,5.9,3.6,1.8,1.7 &END 

&INP AE=0.516,UE=15.511,AP=O.OOl,UP=15.0 &END 

&lNP &END 

&INP &END 

&INP &END 

&INP NE=2,RHO=l.O6,PZ(1)=1,PZ(2)-1 &END 

&INP AE=0.516,UE=15.511,AP=O.OO1,UP=l5.0 &END 

&INP &END 

&INP &END 

&INP &END 
/>k 

// 

Figure 21. 
Sample Problem. 

Complete Listing of JCL and Input for PECSP 



DERIVED CONSTANTS--RADDEG,?SC,FSCI,ERGXEV,RO,Rn,~T2,RnSQ 

A2aP9= 22.695953.AS680 = 6702.3261 
5.7295769+01 7.297166s-03 1.370395E+02 1.602099E-06 2.817764E-13 5.1100761-01 1.022015E+00 2.611287E-01 

OPT=ELEM 
MEDIUM=GRAPHITE ,STBRNHBIMER ID=GRAPHITE 
ATOMIC SYXBOLS ARE: C 

W H B B R  O? ELEHEWTS = l,DENSITY= 1.71000 (GWCCI 
I ZtI) WA( I I PI(1) RHO2 I I ) 

INDEX PERIODIC ATOMIC PROPORTION PROPORTION 
BY WEIGHT NUMBER WEIGXT BY NUXBER 

1 6.00000 12.0112 1.00000 12.0112 
Z VlrRIABLES--Wn,ZC,ET,XA,28,2P,~G~ZP 
1.201115E+01 6.000000E+00 4.391060E+01 2.267516E+02 -2.622574E+Ol 1.010156E-01 -5.97253011-01 -1.1469721-01 

EV,ZU,LS,EE,EX,RLC 
-5.995535E-01 -1.150888~-01 4.200000E+01 -5.016924E+01 2.68027511-01 2.466127E+01 
I , X S I , Z Z X , F ~ C , P C O U L , f E . I = l , N E ~  

1 1.316434E+OO 4.391060E+Ol 1.916951E-03 2.300465E-03 4.2000OOE+Ol 
Enma= S . I W ~ ~ T B - S ~  
BLCC,XCC,TEPPO.XRO= 2.99827L+05 4.82967E+OO 5.671778-05 6.36644E-05 

PARMETERS COXPUTED IS SPINIT. 
IM= . o  
I= 7.800004E-05 
SPCl= 3.260470 
SPCZ= -18.26801 
AL,IADG= -9.456801 
VPLASM= 6.939741S+15 
STC= -3.144165 

Figure 22.  Listing of Selected Output from PECSP Sample 
Problem. 



DIIFERENTIAL CROSS-SECTION DATA.COMM0N BRSXPR 
D L t ~ 6 l , D L 2 ~ 6 ~ , D L 3 L 6 ~ , D L 4 ~ 6 ~ , D L 5 ~ 6 ~ , D L 6 ~ 6 ) , ~ ~ P H I ~ 2 ~ , E ) P A R ~ 2 ) , D E L C M , D E L P O S ~ 2 l  

0.100 132E+O 1 0.100158E+01 0.100171E+01 0.1001 32E+01 0.1001 58S+01 0.1001 71K+Ol 
-0.2075361+00 -0.175728E+00 -0.159389E+OD -0.207638L+00 -0.17581 6Et00 -0.159470E+00 

0.2947591-01 0.4762471-01 0.3387733-01 0.244636E-01 0.47648 1 E-0 1 0.3389921-01 
0.102956K+OI 0.99727OE+OO 0.101529E+Ol 0.1024543+01 0.9972693+00 0.1 0 1 5 30E+O 1 

-0.222763E+00 -0.226788E+00 -0.228856El00 -0.2228738+00 -0.225902E+OO -0.228971K+OO 
0.952000E+00 0.952000E+OO 0.952000E+00 0.952000E+00 0.9520OOX+OO 0.9520001+00 

0.3824573+02 0.221481K+01 0.990894X+OO 0.940902E+00 0.853807E+00 0.853805E+00 
0.2269751901 

OPT=ENER 
AE,UK,AP,UP,TE,TBT2,TB~,THnOLI 

5.1599997E-01 1.5511000B-iOl 9.9999993E-04 1.5OOOOOOE+O1 4.99235581-03 9.98473t7E-03 9.7696483X-03 5.20992341-03 

OPT=PWIF 
SPWLINH 
W E =  .100000016S-01.ZTHRE= . O  I - 0  , . o  I . o  I . o  , . o  

.o I . o  ,IEPE= . o  , .o , . o  , . o  , .o 

.o , . o  , .o .NIPE= 2O.NALE= 150,EPG= .100000016K-01.GTHRG= . O  

.100000024 , .o ,ZEPG= . O  , .100000016B-01, . O  ,NIPG= 20,NALG= 
SEND 
AVERAGE K-IONIZATION ENERGY= 0.000284(MEV) 
NUHBER OF ALLOCATED INTERVALS(= 150) WAS INSUFFICIENT 
TO GKT m I W H  RELATIVE ERROR LESS THAN 1.00000E-02 
NUHBER OF ALLOCATED INTERVALS(= 200)  WAS INSWPPICIENT 
TO GET MAXIHUM RELATIVE ERROR LESS THAN 1.00000E-02 

OPT=DECK 
KCHO WRITS:HSDIUM,IDSTRN 
MDIUH=GRAPHITE ,STERNCID=GRAPHITE 
ECHO WRITE:MTYP,RHO,NK 
ELEM,RHO= 1.7100E+OO,NE= 1 
ECHO W R I T E : A S Y M ~ I E l , Z ~ I E ~ , W A ~ I ~ ~ , P Z ~ I E ~ , R H O Z ~ I E ~  
ASYX=C ,Z= 6.,A= 12.011,PZ= T.OOOOOS+OO,RHOZ= 1.20112E+01 
ECHO WRITE:RLC,AE,AP,UE,UP 

ECHO WRITE:NSGE,NCE,NSEKE,NEKE,NLEKE,NCHPP,NRANGE 
2.48613~+01 5.16000~-01 ~ . O O O O O E - O ~  i.~~iios+o1 1.50000E+01 

0 $00 0 ? 5 0  0 0 0 

200 

Figure 2 2 .  (continued). 



1.00132E+00 -2.075361-01 4.76297E-02 9.9727OE-01 
9.520001-01 l.O0158X+OO -1.75728E-01 3.38773E-02 

-2.26788E-01 9.520001-01 l.O0171E+OO -1.593891-01 
l.O2454E+OO -2.2865611-01 9.520003-01 1.00132E+OO 
4.7648lL-02 9.97269E-01 -2.128731-01 9.52000E-01 

-1.75816E-01 3.389SZE-02 1.01530E+00 -2.26902B-01 
1.00171E+00 -1.5947OE-01 2.44759E-02 1.02956E+OO 
9.520001-01 

ECHO W R I T K : D E L ~ , ~ A L P H I ~ I ~ , B P ~ ~ I ~ , D L L P O S ~ I ~ , I = 1 , 2 ~  
3.82457E+Ol 9.40894E-01 6.53807111-01 2.27481E+00 
8.53805E-01 2.269761+00 

ECHO WRIT1xXRO,TEPFO,BLCC,XCC 

ECHO WRITE:BXE,AXE 
1.0002lE+O2 1.89559E+01 

ECHO W R I T E : ~ ~ B P ~ ~ I , I F U N ~ , A F ~ ~ I , I F U N ~ , I F U R = l , 8 ~ , I = l , N 1 K E ~  
1.14297E+01 1.62772B+00 1.628951+05 3.07215E+04 

-1.012771+03 -5.866609+03 -1.41544Bt03 1.000008+00 
-1.30388E+01 -2.48073E+OO 1.08030E+O2 2.03631L+01 
*.s7ggqr-05 i ie297g+or  * . s 2 7 ? a ~ + a n  i . f , m a 5 ~ + 0 5  

-4.2e062~+03 - ~ . o E z ~ ~ s + o ~  -5.866601+03 -I.~ISSIIE+O~ 

8.36844E-02 6.67177E-05 2.998276+05 4.829671+00 

5.542101-01 6.550291+02 
5.185846+01 -1.18560E-01 
2.437741-03 9.9831OE-01 

2.690001-04 1.43554B+02 
ECHO WRITE:EBIIDA,BXG,AXG 

ECHO IIRITE:((BPG(I,IPUN),APG( 
2.356786-04 3.25618s-05 
6.27233s-03 2.3567815-04 
4.66134E-02 6.272333-03 

2.798131+00 
1.07845E-02 
4.235243-04 

2.04920S+01 

0.0 
3.25618E-05 

I,IFUR),IFUN=l, 

2.73e6m-04 

5.18680B+01 
2.48703B-03 

-2.017273+00 

,3),I=I,NGE) 
0.0 
0.0 
3.812898-05 

2.99673E-01 9.999801-01 1.221923-06 2.65566E-01 
-5.02014E-01 3.069233-01 1.OOOOOB+OO 0.0 
4.15595E-01 -5.020141-01 3.06923E-01 1.00000~+00 

-2.22763E-01 
1.015291+00 
2.496363-02 

-2.07638E-01 
1.00158E+OO 
9.52000E-01 

-2.289711-01 

9.409021-01 

-4.280621+03 
0.0 
8.602381-05 
3.07215S+O~ 
1.00000E+00 

-1.21376E-01 
1.09873E-02 
9.48379E-01 

4.66134s-02 
0.0 
0.0 

Q.15595E-01 
2.65566B-01 
0.0 

Figure 22. (continued). 



OPT=TRST 

PLOT OF FUNCTION ESIG ( . 5 1 6 0 0 0  : 1 5 . 5 1 1 0  1 
THE 1ST A R G W E N T  IS CHOSEN AT 50 POINTS FROH . 5 1 6 0 0 0  TO 1 5 . 5 1 1 0  
USING DISTRIBUTION FUNCTION ALKE AND INVERSE DISTRIBUTION FUNCTION ALKEI . EACH X= 3 4 . 7 3 0 2  

XtOR E) Y1 
1 . 5 1 6 0 0 0  2 . 8 0 3 0 6  I 
2 .516886  3 .06724  I 
3 - 5 1 7 9 3 0  3 .3261  8 I 
4 .519159  3.58011 I 
5 .520606  3 .82779  I 
6 - 5 2 2 3 1 0  1612 .51  I 
7 .524317  2 7 2 0 . 2 8  I 
8 . 5 2 6 6 8 0  3241 - 3 6  I 
9 - 5 2 9 4 6 2  3448 .84  I 

10 .532739  3473 .02  I 
1 1  .536597  3385 .52  I 
1 2  . 5 4 1 1 4 0  3230 .21  I 
13  .546490  3035 .84  I 
14 .552789  2822 .23  I 
1 5  .560207  2602.91 I 
1 6  .568942  2387 .18  I 
17 .579227  2181 .20  I 
18  .591339  1988 .79  I 
19 - 6 0 5 6 0 1  181 2 . 0 7  I 
2 0  .622395  1651 .97  I 
2 1  . 6 4 2 1 7 0  1508.57 I 
22  . 6 6 5 4 5 9  1381.36 I 
2 3  .692877  1269.47 I 
24 - 7 2 5 1 6 6  1171 .82  I 
25 .763188  1087 .20  5 
2 6  .E07959 1014 .38  I 
27 .860690 952 .147  I 
28 . 9 2 2 7 6 0  899 .320  I 
29 . 9 9 5 8 6 2  854 .793  I 
30 1 .08199  81 7 .540  I 
37 1 .18330  786.607 I 
32 1 . 3 0 2 6 6  761 .128  I 
33  1 .44321  740 .313  I 
3 4  1 .60832  723 .429  I 
35 1 .BO360 709 .821  I 
36  2 . 0 3 3 0 9  698 .998  I 
37 2 . 3 0 3 3 2  690 .427  I 
3 8  2 . 6 2 1 5 2  683 .748  I 
39 2 . 9 9 6 2 2  678 .569  I 
40  3 . 4 3 7 4 4  6 1 4 . 6 6 9  I 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
x 

X 
X 

X 
X 
X 

X 
X 
x 
X 

Figure 2 2 .  (continued). 



PLOT OF FUNCTION PSIG ( . 516000  : 15 .5110  ) 

THE 1ST ARGUUENT IS CHOSEN AT 5 0  POINTS FROU . 516000  TO 15 .5110  
USIWG DISTRIBUTION FUNCTION ALKB AND INVERSE DISTRIBUTION FUNCTION ALIBI . EACH X= 82 .1434  

X(OR B) 
1 .516000  
2 .516886  
3 .517930  
4 .519159 
5 .520606  
6 ,522310  
7 .524317 
8 .526680  
9 .529462  

1 0  .532739  
11 .536597  
12 .591190 
1 3  .546490  
14 . 5 5 2 7 8 9  
15  .560207 
1 6  ,568992  
17 .579227 
1 8  .591339  
1 9  6 a m i  
20 .6a2395  
21  .642170  
22  .665457  
23  .692877 
24 .725166  
2 5  .763188  
26  .BO7959 
27 .E60680 
28 .922760  
29  .995862  
3 0  1 .08199  
31 1.18330 
32 1 .30266  
33 1 .44321  
34 1 .60872  
35  1 .80360  
36 2 .03309  
37 2 .30332  
38 2 .62152  
39 2 . 9 9 6 2 2  
9 0  3 .43744  

Y1 
25 .7913  
4 2 2 0 . 9 7  
6 6 1  3.80 
7805 .73  
8214 .34  
8 1 2 8 . 8 0  
7745 .27  
71 97 .48  
6573 .58  
5930 .21  
5 3 0 3 . 0 6  
4713 .16  
4171 .SO 
3682 .97  
3298 .05  
2 8 6 4 . 7 8  
2529 .77  
2238 .87  
l q R i J - 6 3  
1 7 7 1 . 6 8  
1 5 8 6 . 8 1  
1429 .17  
1295 .24  
1 1 8 1 . 8 7  
1086 .28  
1 0 0 6 . 0 0  
9 3 8 . 9 0 1  
8 8 3 . 1 0 2  
8 3 6 . 9 7 1  
7 9 9 . 0 8 7  
768 .207  
7 4 3 . 2 4 7  
7 2 3 . 2 6 1  
707 .399  
6 9 4 . 9 2 1  
6 8 5 . 2 2 7  
677 .890  
6 7 2 . 3 6 6  
6 6 8 . 2 9 9  
6 6 5 . 4 4 5  

X 
X 

X 

I 
I X 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I X 
I X 
I X 
I X 
I X 
7 x 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 
I X 

X 
X 

X 
X 

X 
X 

X 
X 

Figure 22. (continued). 



X 
X 

x 
X 

X 

PLOT OF FUNCTION EDlDX < . 5 1 6 0 0 0  : 15 .5110  ) 

THE 1ST ARGUMENT IS CHOSEN AT 5 0  POINTS lROX . 5 1 6 0 0 0  TO 1 5 . 5 1 1 0  
USING DISTRIBUTION FUNCTION ALXE AND INVIIRSE DISTRIBUTION FUNCTION ALXBI . BACW X= 1 4 . 5 7 9 2  

X(OR E) Y1 
1 . 516000  1457 .92  I 
2 .516886  1288 .11  I 
3 . 5 1 7 9 3 0  11 36 .96  I 
4 .519759  1 0 0 2 . 8 2  I 
5 .520606  883 .979  I 
6 .522310  770 .393  I 
7 .524317  670 .517  I 
8 .526680  584 .247  I 
9 . 5 2 9 4 6 2  509 .403  I 

10 .532739  444 .406  I 
11  .536597  387 .994  I 
I2 . 541140  339 .093  I 
13 .546490 296 .752  I X 
1 4  .552789  260.146 I X 
1 5  .560207  228 .540  I X 
16 .568942  201 .286  I X 
1 7  .579227  177 .820  I X 
1 8  .591339  157.645 I X 
19 .605601  140 .329  I X 
2 0  .622395  125 .493  I X 
21 .642170  112 .811  I X 
22 . 6 6 5 4 5 7  101 .399  I X 
2 3  .692877  92 .8090  I X  
24 .725166  85.0290 I X 
2 5  .763188  78 .4746  I X  
2 6  .BO7959 72 .9861  I X  
2 7  - 8 6 0 6 8 0  68 .4257  I X  
28 .922760  69 .6736  I X 
2 9  . 9 9 5 8 6 2  6 1 . 6 2 5 9  I X  
3 0  1 .08194  59 .191  5 I X  
34 1 .18330  57 .2907  I X  
3 2  1 .30266  5 5 . 8 5 3 2  I X 
3 3  1 .44321  54 .81  68  I X  
3 4  1 . 6 0 8 7 2  5 4 . 1 2 6 2  I X 
35 1 . 8 0 3 6 0  5 3 . 7 3 2 2  I X 
3 6  2 . 0 3 3 0 9  53 .5913  I X  
37  2 .30332  53 .6647  I X  
38 2 . 6 2 1 5 2  53 .6393  I X 
3 9  2 .99622  5 3 . 1 1 7 8  I X 
4 0  3 .43744  52 .7155  I X  

X 
x 

X 

X 
X 

X 
X 

Figure 22 .  (continued). 



PLOT OF FUICTION PDEDX ( . 516000  : 1 5 . 5 1 1 0  
TU8 16T  ARGUMENT IS CHOSEN AT 50 POINTS FROM . 516000  TO 15 .5110  
USING DIETRIBUTION FUNCTION ALKE AND INVERSE DISTRIBUTION FUNCTION ALK8I . EACH X= 1 6 . 3 4 9 9  

XCOR E) 
1 .516000  
2 . S t 6 8 8 6  
3 - 5 1 7 9 3 0  
4 .519159  
5 .520606 
6 .522310  
7 .524317  
8 - 5 2 6 6 8 0  
9 .529462  

10 . 5 3 2 ? 3 9  
11 .536597  
12 .541140  
13 .546990  
14 .552789  
15 .560207  
1 6  .568942  
17  .579227  
18 .591339  
3 9  .6(25601 
2 0  .622395  
21 .642170  
22 .665457  
23  .692877  
24 .725166  
25 .763188  
26  .BO7959 
27  .E60680 
28  .922760  
29  .995862  
30 1 .08194  
31 1.18330 
3 2  1 .30266  
33 1 .94321  
3 4  1 .60872  
35  1 .80360  
36 2 .03309  
37 2 . 3 0 3 3 2  
3 8  2 . 6 2 1 5 2  
3 9  2 . 9 9 6 2 2  
40  3 .93744  

Y l  
1 6 3 9 . 9 9  
1 4 1  5 . 3 3  
1 2 2 5 . 2 6  
1 0 6 8 . 9 7  
918 .984  
796 .380  
6 9 0 . 4 7 7  
5 9 9 . 0 6 9  

452 .204  
393 .572  
3 4 3 . 0 5 6  
299 .548  
262 .106  
229 .902  
202 .222  
1 7 8 . 4 5 5  
158 .068  
1PO.503 
125 .665  
112 .912  
102 .051  
92 .8190  
8 5 . 0 2 7 9  
78 .4602  
72 .9638  
6 8 . 3 9 9 2  
6 9 . 6 4 5 3  
6 1 . 5 9 7 4  
5 9 . 1 6 9 0  
5 1 . 2 6 4 7  
5 5 . 8 2 9 1  
5 9 . 7 9 9 7  
5 4 . 1 0 6 2  
53 .7143  
5 3 . 5 7 5 3  
5 3 . 6 5 0 6  
5 3 . 6 2 6 9  
5 3 . 1 0 7 0  
5 2 . 7 0 6 0  

520.215 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
K 
X 
X 

X 
X 

Figure 22. (continued), 



PLOT OF FUNCTION EBRl ( . 5 1 6 0 0 0  : 15.5110 ) 

THE 1ST ARGUMENT IS CHOSEN AT 50 POINTS FROM .576000 TO 15.5110 
USING DISTRIBUTION FUNCTXON ALKE AND IHVERSE DISTRIBUTION FUNCTION ALKEI , EACH X= 1.0000OE-02 

XIOR 3) 
1 .516000 
2 .516886 
3 .517930 
4 .519159 
5 .520606 
6 .522310 
7 .524317 
8 .526680 
9 .529462 

10 .532739 
1 1  .536597 
12 .541140 
13 .596490 
14 .552789 
15 .560207 
16 .568942 
17 .579227 
18 -591339 
19 -605601 
20 .622395 
21 .642170 
22 .665457 
23 -692877 
24 -725166 
25 .763188 
26 .E07959 
27 
28 
29 
30 
31 
32 
33 

860680 
922760 
995862 
.Oil194 
.la330 
.30266 
.44321 

34 1.60872 
35 1.80360 
36 2.03309 
37 2.30332 
38 2.62152 
39 2.99622 
40 3.43794 

Y1 
1 .ooooo I 
1 . o o o o o  I 
1 . o o o o o  I 
1.00000 I 
1 .ooooo I 
2.523253-03 I 
1.581 743-03 I 
1.39742E-03 I 
1.376933-03 I 
1.428293-03 I 
1.525503-03 I 
1.6597OE-03 I 
1.82830E-03 I 
2.03127E-03 I 
2.269949-03 I 
2.54624E-03 I 
2.86226E-03 I 
3.21999E-03 I 
3.621073-03 I 
4.066439-03 1 
4.55613E-03 I 
5.089101-03 I 
5.662899-03 I 
6.273563-03 I 
6.915683-03 I 
7.582313-03 I 
8.26507B-03 I 
8.954523-03 I 
9.640533-03 I 
1.03119E-02 IX 
1.095741-02 IX 
1.156633-02 IX 
1 .21272E-O2 IX 
1.2599313-02 IX 
1.29483s-02 IX 
1.31909E-02 IX 
1.34841E-02 IX 
1.37031E-02 IX 
1.38861s-02 IX 
1.41506E-02 XX 

Figure 2 2 .  (cont inued) .  



PLOT OF FUNCTION PBRl ( .516000 : 15.5110 ) 

THs 1ST ARGUMENT IS CHOSEN AT 50 POINTS FROM .516000 TO 15.5110 
USING DISTRIBUTION PUNCTION ALK3 AND INVERSE DISTRIBUTION ?UNCTION ALKEI . EACH X= 1.08682L-03 

XlOR 1) 
1 .516000 
2 .516886 
3 .517930 
9 .519159 
5 .520606 
6 .522310 
7 .525317 
8 .526680 
9 .529462 
10 .532739 
1 1  .536597 
12 .541140 
13 .546490 
14 .552789 
15 .560207 
16 .568992 
17 .579227 
18 .591339 

20 .622395 
21 .642170 
22 .665457 
23 .692877 
24 .725166 
25 .763188 
26 .E07959 
27 -860680 
28 .922760 
29 .995862 
30 1.08194 
31 1.18330 
32 1.30266 
33 1.44321 
34 1.60872 
35 1.80360 
36 2.03309 
37 2.30332 
38 2.62152 
39 2.99622 
40 3.93744 

19 .6055et 

Yl 
.lo8682 I 
7.266683-04 I 
5.029151-09 I 
4.58652s-04 I 
4.659893-04 I 
5.00537E-04 I 
5.555351-09 I 
6.293211-04 I 
7.12409s-04 I 
8.364781-09 I 
9.738923-04 I 
1.137493-03 I X  
1.330561-03 IX 
1.55654s-03 IX 
1.81907s-03 IX 
2.12174E-03 IX 
2.967881-03 I X 
2.860321-03 I X 
3,391233-03 I X 
3.791683-03 I X 
9.33147E-03 I X 
4.918843-03 I X 
5.55022E-03 I X 
6.22018E-03 I X 
6.921561-03 I X 
7.64548s-03 I X 
8.38168E-03 I X 
9.iie96s-03 I X 
9.89582s-03 I X 
1.05500s-02 I X 
l.1219BE-02 I X 
1.184453-02 I X 
1.241311-02 I X 
1.28848E-02 I X 
1.32259E-02 I X 
1.345501-02 I X 
1.373341-02 I X 
1.39350s-02 I X 
1.409951-02 I X 
1.43467L-02 I 

X 

X 

Figure 22. (continued). 



PLOT OQ FUNCTION PER2 ( . 5 1 6 0 0 0  : 15.5110 1 
THE 1ST ARGUMENT IS CHOGEN AT 50 POINTS PROM .516000 TO 15.5110 
WSIMG DISTRIBUTION FUNCTION ALKE AND INVERSE DISTRIBUTION QWNCTION ALKEI . EACH X= 9.994546-03 

X(OR E) 
1 ,516000 
2 -516886 
3 .517930 
4 .519159 
5 .520606 
6 .522310 
7 .524317 
8 .526680 
9 -529462 

10 -532739 
1 1  .536597 
12 .541140 
13 .546490 
19 .552789 
15 .560207 
16 .568942 
17 .579227 
18 -591339 
19 .605601 
20 .622395 
21 .642170 
22 .665457 
23 .692877 
24 .725166 
25 .763188 
26 .E07959 
27 .E60680 
28 .922760 
29 .995862 
30 1.08194 
31 l.lB330 
32 1.30266 
33 1.44321 
34 1.60872 
35 1.80360 
36 2.03309 
37 2.30332 
38 2.62152 
39 2.99622 
40 3.43744 

Y 1  

. I O 8 6 8 2  

.999975 

.997040 

.997685 

.997969 

.998104 

.998161 
-9981 70 
.998147 
.998099 
. 9 9 8 0 3 2  
.997947 
.991848 
.997737 
-99761 5 
.997483 
.997345 
.997202 
.997056 
.996911 
.996771 
.996639 
.996521 
.996421 
.996343 
.996293 
.996274 
.996288 
-996337 
.996421 
.996536 
.996681 
.996851 
.997038 
.997239 
.997446 
. 9 9 7 6 5 4  
.997860 
.998058 
.990247 

I X 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
a: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Figure 22.  (continued). 



X(OR S)  
1 .516000 
2 .5t6886 
3 .517930 
4 .519159 
5 .520606 
6 .522310 
7 .524317 
8 .526680 
9 .529462 
10 .532739 
1 1  .536597 
12 .591140 
13 .546490 
14 .552789 
15 .560207 
16 .568942 
17 .579227 
18 .591339 
19 .60563t  
20 .622395 
21 .642170 
22 .665957 
23 .692877 
29 .725166 
25 .763188 
26 -807959 
27 .860680 
28 .922760 
29 .995862 
30 1.08194 
31 1.18330 
32 1.30266 
33 1.44321 
34 1.60872 
35 1.80360 
36 2.03309 
37 2.30332 
38 2.62152 
39 2.99622 
40 3.43799 

ri 
8.08512K-07 I 
1.076921-05 I 
1.43601E-06 I 
1.91664K-06 I 
2.560191-06 I 
3.42ie61-06 I 
4.575848-06 I 
6.12086E-06 I 
8.18872B-06 I 
1.095478-05 I 
1.46515K-05 I 
1.95873K-05 I 
2.6168en-05 I 
3.4929OK-05 I 
4.65686E-05 I 
6.199761-05 I 
8.239f8E-05 I 
1.092918-04 I 
i.49Sf3E-39 I 
1.90900K-04 I 
2.511593-09 I 
3.29688E-04 I 
4.31 1971-04 I 
5.62071L-00 I 
7.30202E-04 I 
9.45514K-04 I 
1.22055JS-03 I 
1.57124E-03 I 
2.018028-03 I 
2.58729E-03 I 
3.31 383L-03 I 
4.241601-03 I 
5.437433-03 I 
6.96212E-03 IX 
8.939131-03 IX 
1.150398-02 I X 
1.48455E-02 I X 
1.92181K-02 I X 
2.996371-02 I X 
3.25429E-02 I X 

PLOT O? ?UNCTION THXS ( .516000 : 15.5110 ) 

TnE 1ST ARGUMENT IS CHOSEN AT 50 POINTS ?Ron .516000 TO 15.5110 
USING DIGTRIBUTION ?"UNCTION ALKE AND INVSRSE DISTRIBUTION ?UNCTION ALKKI . EACH X= 5.509841-03 

Figure 22. (continued). 



PLOT OF FUNCTION TIU(DE2( . 5 1 6 0 0 0  : 1 5 . 5 1 1 0  1 
THE 1ST ARGWXENT IS CHOSEN AT 50 POINTS PROM . 5 1 6 0 0 0  TO 1 5 . 5 1 1 0  
USING DISTRIBUTION PUNCTION ALKE A N D  INVERSE DISTRIBUTION ?UNCTION ALKEI . EACI! X= 1.02361E-04 

X I O R  E) 
1 . 5 1 6 0 0 0  
2 . 5 1 6 8 8 6  
3 . 5 1 7 9 3 0  
4 . 5 1 9 1 5 9  
5 . 5 2 0 6 0 6  
6 . 5 2 2 3 1 0  
7 - 5 2 4 3 1 7  
8 . 5 2 6 6 8 0  
9 . 5 2 9 4 6 2  

1 0  . 5 3 2 7 3 9  
1 1  . 5 3 6 5 9 9  
1 2  . 5 4 1 1 4 0  
1 3  .546490 
1 4  . 5 5 2 7 8 9  
1 5  - 5 6 0 2 0 7  
1 6  - 5 6 8 9 4 2  
1 7  - 5 7 9 2 2 7  
18 . 5 9 1 3 3 9  
1 9  .605601 
2 0  - 6 2 2 3 9 5  
21 . 6 4 2 1 7 0  
2 2  - 6 6 5 4 5 9  
2 3  . 6 9 2 8 7 7  
24  - 7 2 5 1 6 6  
2 5  . 7 6 3 1 8 8  
26 .E07959 
27 .E60680 
2 8  . 9 2 2 7 6 0  
29  . 9 9 5 8 6 2  
30 1 . 0 8 1 9 4  
31 1 . 1 8 3 3 0  
32 1 . 3 0 2 6 6  
33  1 .44321 
34 1 . 6 0 8 7 2  
3 5  1 . 8 0 3 6 0  
3 6  2 . 0 3 3 0 9  
37 2 . 3 0 3 3 2  
38  2 . 6 2 1 5 2  
39 2 . 9 9 6 2 2  
48 3 . 4 3 7 4 4  

Y1 
1.023613-02  I 
9.84976E-03 I 
9.49118B-03 I 
9 . 1 5 7 9 4 3 - 0 3  I 

8 .94599l i -03  I 
8 . 5 5 9 6 0 1 - 0 3  I 
8 .28133E-03 1 
0.024471-03  I 
7.78251B-03 I 
7 . 5 5 4 0 9 1 - 0 3  I 
7 .33801B-03 I 
7.1331 9E-03 I 

6 .93867E-03 I 
6 . 7 5 3 5 4 3 - 0 3  I 
6 . 5 7 7 0 1 1 - 0 3  I 
6 .40836E-03 I 
6.246903-03  I 
6 . 0 9 2 0 3 3 - 0 3  I 
5 . 9 4 3 1 5 8 - 0 3  I 
5.79974B-03 I 
5.66133B-03 I 
5.527468-03  I 
5.39768E-03 I 
5.271648-03  I 

5.14900E-03 I 
5.02941E-03 I 
4.912643-03  I 
4 .798441-03  I 

4 . 6 8 6 6 3 8 - 0 3  I 
4 .577063-03  I 
4.46963E-03 I 
4.3643OE-03 I 
4.261021-03  I 

4.15985E-53 I 
4.060808-03  I 
3.963941-03  I 
3.869363-03  I 
3.777138-03  I 
3 .587338-03  I 
3 . 6 0 0 0 4 1 - 0 3  I 

x 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 

X 
x 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 

X 

X 

Figure 22.  (continued). 



PLOT OF FUNCTION GHPP ( 1.000001-03 : 15.0000 1 
THE 1ST ARGUHENT IS CHOS1N AT 50 POINTS PROM 1.000001-03 TO 15.0000 
USING DISTRIBUTIM FUNCTION ALOG AND INVERSE DISTRIBUTION PUNCPION BXP . EACH X= 1.391041-02 

XCOR 1 1  Y1 
1 9.999991-04 1.07491E-05 I 
a I.~ISBZE-O~ i.876891c-o~ I 
3 1.48065E-03 3.25473E-05 I 
4 1.80169E-03 5.7534OE-05 I 
5 2.192331-03 1.02972E-04 I 
6 2.66767E-03 1.85065E-04 I 
7 3.246071-03 3.330261-04 I 
8 3-949888-03 6.064481-04 I 
9 4.806301-03 1.105861-03 I 
10 5.848391-03 2.037921-03 I 
1 1  7.11644E-03 3.854841-03 I 
12 8.65943E-03 7.101901-03 I 
13 1.053701-02 1.265561-02 I 
1 4  1.28216E-02 2.18450E-02 IX 
15 1.560160-02 3.573611-02 I X 
1 6  1.898431-02 5.43199E-02 I X 
17 2.310051-02 7.48160E-02 I X 
18 2.B10911-02 9.4308OE-02 I X 
!9  3.~2036E-02 . j * I ) 3 2 3  I I 
20 4.161981-02 .122550 I X 
21 5.069381-02 .131947 I X 
22 6.162441-02 .139583 I X 
23 7.498591-02 .146758 I X 
24 9.114423-02 .159047 I X 
25 .111028 .161929 I X 
26 .135101 .170747 I X 
27 .164393 .la0776 I X 
28 .a00037 .192384 I X 
29 .243409 .205379 I X 
30 .296185 .220203 I X 
31 .360404 .a37061 I X 
32 .a38597 .256203 I X 
33 .533633 .a77942 I X 
34 .649335 .302674 I X 
35 .790124 -330891 I X 
36 ,961438 .363204 I X 
37 1.16990 .400161 I X 
38 1.42355 .a42650 I X 
39 1.73221 .490822 I X 
40 2.10779 .SO5467 I X 

Figure 22. (continued). 
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PLOT OF ?UNCTION GBRZ ( 1.00000K-03 : 15.0000 ) 

TXE 1ST ARGUHENT IS CHOSKN AT 5 0  POINTS PROU 1.OOOOOg-03 TO 1S.0000 
USING DISTRIBUTION FUNCTION ALOG AND INVERSE DISTRIBUTION FUNCTION EXP . EACH X= 1.OOOOOE-02 

X(OR E) rt 
1 9.99999E-04 3.385661-03 I 
2 1.21682E-03 1.57160E-03 I 
3 1 .Q8065!a-03 6.719158-03 I 
4 1.80169B-03 6.507376-03 I 
5 2.1923313-03 2.39285E-03 I 
6 2.66767E-03 2.650678-03 I 
7 3.28607E-03 6.53327s-03 I 
8 3.99988E-03 5.S6639E-03 I 
9 4.80630s-03 1.172$7E-02 IX 

10 5.8483913-03 1.99711B-02 IX 
I 1  7.11644E-03 3.104531-02 I X 
12 8.65943E-03 5.973471-02 I X 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
29 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

1.0537OB-02 
i.~ezi6~-02 
1.56016K-02 
1.89893E-02 
2.310052-02 
2.810916-02 
3.42038E-02 
4.161381-02 
s.o6e38~-02 
6.16244E-02 
7.99859E-02 
9.12442E-02 
. 1 1 1028 
.135101 
-164393 
.ZOO037 

.296185 

.360904 
-438547 
.533633 
.649335 
.790124 
.961438 
1.16990 
1.92355 
1.13221 
2.10779 

.2a3~09 

.lo4689 

. I  SO378 

.289906 

.431612 

.ss7799 

.726425 

.E32672 
-903199 
.945779 
.969797 
.983529 
.991085 
.995151 
.993340 
.998519 
1 .ooooo 
1 .ooooo 
1 .ooooo 
1.00000 
1 .ooooo 
1 I00000 
1 .ooooo 
1.00000 
1 .ooooo 
1 . o o o o o  
1.00000 
1 . o o o o o  
1 .ooooo 
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Figure 22. (continued). 





201 
...... 

9 . 0  PHOTPREP - A CODE FOR GENERATING SOURCE INPUT TAPES 
FOR PROGRAM PHOTON 

9.1 Code Description 

The program PHOTPREP is designed to generate source tapes for 

processing in the PHOTON code. 

either using subroutine SETUP to describe the input source 

The source tape can be generated by 

distribution, or by processing a HETC output tape. Program PHOTON 

is capable of transporting electrons, positrons, or photons. 

The information written to a PHOTON source tape is dependent on 

the user supplied subroutines used in program PHOTON. 

supplied subroutines given in the program PHOTON sample problem 

The user- 

require an unformatted record with 1 2  input parameters for each 

source particle. 

for program PHOTPREP, the RITEG and CHECKG subroutines for program 

NEUTRON, and the user supplied MAIN routine for program PHOTON will 

have to be changed. 

If this record. format is changed, the MAIN routine 

The subroutine hierarchy for program PHOTPREP is shown in 

Figure 2 3 .  

with their functions is given in Table 3 4 .  

information written on an unformatted PHOTON source tape is shown in 

Table 3 5 .  

A list of the subroutines used in program PHOTPREP along 

Finally, the suggested 
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Table 3 4 .  Subroutine Functions in Program PHOTPREP 

.I_____ ~ ......... __ 
I .. Func t i o r i  .......... .... 

Subroutine 

AA6 

ANA 

AZIRN 

E F I N  

BUFNMT 

EFMD 

ERROR 

FLRAN 

rn1N 

PFPD 

PMDY 

RAMFNY 

REDNMT 

ROTATE 

S LFRAF 

SETUP 

SORS 

SORSl  

Used with program SPECT ( l i n e a r  o r  nonl inear)  
t:o obta in  f i s s i o n  gama energy. SPECT i s  
p a r t  o f  the  CALOR3 code system. 

User supplied ana lys i s  rou t ine  f o r  the  source.  

Se lec ts  the  azimuthal angle uniformly i n  t h e t a  ( e )  
A buffer  rout ine  c a l l e d  by rout ine  BMFNMT. 
This rout ine  i s  only used a t  ORNL. 

I n i t i a t e s  the  system sout ines  required t o  
read a HETC buffered output tape .  This 
rout ine  i s  only used a t  ORNI,. (Cal led from REDNMT) 

Generates e lec t rons  ( o r  pos i t rons)  from muon decay. 

Called a t  var ious loca t ions  i n  the  program t o  y i e l d  
a traceback map i f  an e r r o r  occurs.  

Random number generator wr i t t en  i n  ASSEMELEK. 

Reads the  input cards ,  i n i t i a l i z e s  the  random number 
genera tor ,  and generates the  PHOTON source tape .  

Generates photons from P i  zero decay. 

Generates pions from muon decay. 

Function t o  s e l e c t  a random number. 

Rends an output h i s t o r y  tape from the  HETC 
code system. 

Rotates coordinates from r e l a t i v e  t o  f ixed  
coordinate system. 

Function t o  generate a random number over 
the  i n t e r n a l  -1 t o  +l. 

Default  source parameter rout ine  c a l l e d  from 
SORSl t o  generate source tape f o r  program 
PHOTON (usual ly  user  suppl ied) .  

Generates PHOTON source h i s t o r y  tapes  from 
e i t h e r  HETC c o l l i s i o n  tape o r  f r o m  rout ine  
SET[JP . 
Generates the source h i s t o r y  tape t o  be 
read by program PHOTON. 

.......... .... _I__.. ......... ..... -. ......... 
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Table 35. Information Written on Program PHOTON 
Input Source Tape 

Parameter Description 

NGO Source Tape Control Parameter 
NGO = 1 Call Error 
NGO - 2 Source Particle Information 
NGO = 3 End o f  Batch 
NGO = 4 End of Run 

KO Source Particle Type 
KO = 1 Positron 
KO = 0 Photon 
KO - -1 Electron 

EO Source Particle Energy (MeV) 

XO,YO,ZO Source Particle Location 

UO,VO,WO Source Particle Direction Cosines 

WATE Source Particle Weight 

NOCAS Source Particle Number 

IRI Source Particle Input Region Number 
(usually 1.0) 

9.2 Input Requirements 

The following input cards are required in order to execute a 

PHOTPREP case. Default values are given in brackets ( [ I ) .  

Card 1: Format ( 2 0 A 4 )  

TITLE Problem title card 

Card 2: Format (1015) 

NHST Logical unit containing a HETC generated input source 

IN Input card unit. 

IO Printed output unit. 

ISORS 0/1 - Process a HETC gererated input source 
tape/generate source using subroutine SETUP 
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ISORT 

ISORU 

ISORV 

MAXCAS 

NT 

NPRT 

-l/O/l - Execute the programming in subroutine SOW 
to obtain low energy photons and fission photons 
when processing a HETC generated input source 
tape./Skip/Execute the programming in subroutine 
SORS to obtain low energy photons (but not fissi-on 
photons) when processing a HETC generated 
input: source tape. 

0/1 - Skip/Execute the programming in subroutine SORS to 
obtain the electrons and positrons from muon 
decay when processing a HETC generated 
input source tape. 

0/1 - Skip/Execute the programming in subroutine SORS to 
obtain the electrons from K- to p- decay 
when processing a HETC generated source tape. 

Number of  source particles per batch. 
(IF reading an HETC tape, must equal MAXCAS on 
HETC tape.) 

Number of batches of source particles per run. 

Number of generated source particles printed. 

Card 3 :  Format (324) 

UNDS(I,I=2,4) Random number seed. 

9 . 3  Input Data Notes 

NHST The current version requires NHST to be greater than o r  

equal to 58 iE a buffered HETC tape is to be processed. If 

NHST is less than 58, a standard FORTRAN 1/0 tape is read. 

Typically, NHST = 59 implies buffered tape and NHST = 9 impl.ies 

standard FORTRAN 1/0 tape. 

ISORS For most applications involving ionization chamber 

analysis, this parameter will be set to one and the source will 

be generated using subroutine SETUP. 

ISORT The current version of  subroutine AA6 requires uranium 

to be the first element (LELEM = 1) in media 3 (NMED = 3 )  in 
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order  t o  pick up the  f i s s i o n  photons. Therefore,  i f  ISORT = 

-1, ca re  must be taken by the  user  i f  a d i f f e r e n t  

material/media setup i s  used. (The I F  t e s t  i n  subroutine AA6 

could be changed t o  accommodate the u s e r ' s  s e tup ) .  

MAXCAS When processing an HETC tape ,  t h i s  value must equal the 

value used t o  produce the  HETC tape .  

NT When processing an HETC t ape ,  t h i s  parameter can be less  

than the  t o t a l  number of batches processed i n  HETC. 

NPRT 

of ou tput .  The counter f o r  NPRT l o o p s  on the source p a r t i c l e  

name. Therefore,  f o r  HETC runs ,  there  could be many p r i n t s  p e r  

inc ident  source p a r t i c l e .  

A l a rge  value f o r  NPKT could produce a s i g n i f i c a n t  amount 

9 . 4  1/0 File Requirements 

F i l e  Unit Description Required 

I N  5 Card Input Always 

I O  6 Pr in ted  Gutput Always 

ISOR 10 PHOTON Source Output Tape Always 

NHST 59 o r  9 HETC Source Input Tape I F  ISORS-0 

9.5 JCL Requirements 

The job  con t ro l  language (JCL) needed t o  run a PHOTPREP case a t  

X - 1 0  i s :  

(Job Card, rou te  and jobparm cards)  

... ... 
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//PHOTPREP EXEC PGM=PHOTPREP,REGION=lO24K 
//STEPLIB DD DSN-X.JOJ24337.PROG,DISP=SHR 
//FT05F001 DD DDNAME=SYSIN 
//FT06F001 DD SYSOUT=A 
(DD Cards f o r  NHST ( i f  ISORS-0) 
(Dl) Cards f o r  PHOTON source output  tape)  
//SYSLN DD * 
( Input  Data) 

/* 
// 

9.6 Sample Problem I.__.___ 

The JCT, and input  cards  f o r  a separa te  sample problem f o r  p r o -  

gram PHOTPREP i s  shown i n  Figure 24 using the  d e f a u l t  parameters i n  

subrout ine SETUP. This sample problem w i . l l  produce 10 batches o f  

200 e l e c t r o n s ,  each with energy equal t o  10 MeV, s p a t i a l  pos i t i on  

X , Y , Z  equal t o  0 . 0 ,  d i r e c t i o n  cosines  A , B  equal t o  0 . 0 ,  G equal t o  

1.0, p a r t i c l e  weight equal. t o  1 . 0  and p a r t i c l e  region equal t o  1.0, 

A complete l i s t i n g  of the JCL and input  cards  f o r  a t y p i c a l  sample 

problem used i n  ion iza t ion  chamber ana lys i s  i s  given i n  conjunction 

wi.th the PHOTON program sample problem. Likewise, t h e  PHOTPREP 

s e l e c t e d  outputs  a r e  shown with the  PHOTON se l ec t ed  outputs .  The 

PHOTPREP sample problem generates  a PHOTON source tape modeling a 

mono-directional 2 5 2 C f  photon source d i s t r i b u t e d  over the  face  o f  an 

ion iza t ion  chamber using subrout ine SETUP ~ The samp1.e problem gen- 

e ra t ed  10 bacches of 200 p a r t i c l e s  w r i t t e n  on l o g i c a l  u n i t  1 0  f o r  

subsequent u s e  i n  program PHOTON. 
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//JOJPREP JOB (24337,102),’50 JOHNSON 6025’,TIME=(1,00) 
/*ROUTE PRINT RMT84 
/*ROUTE PUNCH RMT84 
//A EXEC PGM==PHOTPREP,REGION-l024K 
//STEPLIB DD DSN-X.JOJ24337.PROG,DISP-SHR 
//FT05F001 DD DDNAME-SYSIN 
//FT06F001 DD SYSOUT-A 
//FTlOF001 DD UNIT=SYSDA,DISP=(NEW,PASS), 
// DSN=&&SORS,SPACE==(TRKK,(4O,20)), 
// DCB=(RECFM-VBS,LRECL=X,BLKSIZE-6447,BUFL=8184,BUFNO=l) 
//SYSIN DD * 
SAMPLE INPUT TO EXECUTE A PHOTPREP CASE 

378E26A5A243 
59 5 6 1 0 0 0 200 10 10 

/* 
// 

Figure 2 4 .  
Sample Problem. 

Complete Listing of JCL and Input fo r  PHOTPREP 
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10.0 PHOTON - A CONTINUOUS ENERGY MONTE CARLO CODE FOR TRANSPORTING 
PHOTON RADIATION INCIDENT ON AN IONIZATION CHAMBER 

10.1 Code Description 

The program PHOTON7 is a continuous energy Monte Carlo code 

that simulates the development of electromagnetic cascade shovers in 

various media. More specifically, PHOTON uses the Boltzmann 

transport equation to model the physics of photon, electron, and 

positron transport through matter. The approach in program PHOTON 

is to use the cross sections and material data produced in program 

PECSP to simulate the two basic energy loss mechanisms, i.e., 

collision and radiation, present in an electromagnetic cascade 

shower. Program PECSP uses theoretical (and sometimes empirical) 

formulas to compute the physical quantities needed for the shower 

simulation and prepares them in a suitable format. Presently, pair 

production, Compton scattering from a "free" electron, and 

photoelectric processes are the only photon interactions considered 

in program PHOTON. These processes all have finite cross sections 

which allow discrete interactions to be simulated. The interactions 

€or electron and positron transport include elastic Coulomb 

scattering o f €  the nucleus, inelastic scattering o f f  the atomic 

electrons, bremsstrahlung production, and electron-positron 

annihilation. The electron and positron processes (except: 

annihilation) all have cross sections which become very large as the 

energy of the electron or positron approaches zero. The exact 

values of the total cross sections are not well known and therefore 

it is not practical to try and simulate every electron or positron 

interaction. Because these events are considered l o w  momentum 
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events  and do not  r e s u l t  i n  l a rge  f luc tua t ions  i n  the  

electromagnetic shower behavior ,  they a r e  lumped toge ther  and 

t r e a t e d  i n  a continuous manner. Program PHOTON (and PECSP) use 

e l e c t r o n  (o r  pos i t ron )  atid photon cu tof f  energies  given by the  

va r i ab le s  AE and AP respec t ive ly  t o  d i s t ingu i sh  between a d i s c r e t e  

i -n te rac t ion  o r  an i n t e r a c t i o n  modeled using continuous energy l o s s  

formalisms. PHOTON consi-ders any e l ec t ron  o r  pos i t ron  i n t e r a c t i o n  

t h a t  produces l o w  energy e lec t rons  (de l t a - r ays )  with t o t a l  energy 

g rea t e r  than o r  equal t o  A E ,  o r  a photon with energy g rea t e r  than or  

equal t o  A P ,  a d i s c r e t e  event .  A l l  other  i n t e r a c t i o n s  a r e  

considered continuous and therefore  r e s u l t  i n  continuous energy l o s s  

and d i r e c t i o n  changes t o  the  e l ec t ron  o r  pos i t ron  between d i s c r e t e  

i n t e r a c t i o n s .  

The random walk procedure employed i n  PHOTON i s  based on the 

i n t e g r a l  emergent p a r t i c l e  dens i ty  formalism of the  Boltzmann 

t r anspor t  equat ion.  The equat ion introduces the  p a r t i c l e  i n t o  the  

system according t o  the  n a t u r a l  source funct ion.  The p a r t i c l e  

t r a v e l s  t o  the  s i t e  of the f i r s t  c o l l i s i o n  as determined by the 

t r anspor t  ke rne l .  A t  the  c o l l i s i o n  s i t e ,  the  p a r t i c u l a r  i n t e r a c t i o n  

process i s  chosen using branching r a t i o s  which r e l a t e  the  p a r t i a l  

c ross  sec t ion  of a p a r t i c u l a r  r eac t ion  t o  t h a t  o f  the  t o t a l  c ross  

sec t ion .  Once the type of i n t e r a c t i o n  has been sei-ected, the 

parameters f o r  the  product p a r t i c l e s  a r e  chosen and s to red .  I f  

t he re  i s  more than one product pa r t i c l - e ,  the  p a r t i c l e  with the  

l o w e s t  energy i s  put  on top of the  s torage  a r r a y .  The t r anspor t  and 

c o l l i s i o n  kerne ls  a r e  appl ied  successively u n t i l  t he  p a r t i c l e  i s  
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absorbed, escapes, or drops below a predetermined cutoff energy. 

Once the initial particle has been transported, the product 

particles resulting from the initial particle interactions are 

transported in a likewise manner. 

product particles have been transported (including particles 

resulting from successive generations of product particles) and the 

storage stack is empty, the simulation of  one electromagnetic 

cascade shower (history) is complete. The entire process is 

repeated until all batches of histories are transported. 

When the initial particle and all 

10.2 Code Implementation 

The program PHOTON is a modified version of  the EGS37 code. A s  

such, the implementation procedures used in program PHOTON follow 

closely the implementation procedures used in EGS3. The name was 

changed to accommodate the program naming convention in MICAP. 

The program PHOTON consists of two subroutines, HATCH and 

SHOWER, which the user interacts with through subroutine call 

statements. 

PHOTON which simulate the actual physical processes. 

subroutines in turn call other subroutines in program PHOTON 

including the two user-supplied subroutines, HOWFAR and AUSGAB. 

Subroucine HOWFAR determines the geometry and subroutine AUSGAB 

determines the output and scoring. The user communicates with 

program PHOTON through the use of  various Common variables. To use 

program PHOTON, the user must write a "User Code" consisting of a 

MAIN program, subroutines HOWFAR and AUSGAB, and any additional. 

auxiliary subroutines the user feels will facilitate the problem 

These subroutines call the subroutines in program 

These 
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solution. Usually, MAIN will perform any initialization needed for 

the geometry routine HOWFAR, and set some of the values of certain 

Common variables used. MAIN then calls subroutine HATCH to perform 

necessary once-only initialization and read in the cross sections 

and material data produced by the PECSP program. Once the 

initialization process is complete, MAIN calls subroutine SHOWER 

when desired. Each call to SHOWER results in the generation of  one 

history. T h e  arguments to Subroutine SHOWER specify the parameters 

of  the ineident particle and allow the user flexibility in the 

choice o f  source distributions. In summary, the user communicates 

with program PHOTON through two user-callable subroutines - HATCH 

and SHOWER, two user-supplied subroutines HOWFAR and AUSGAB, and 

Common block variables. The sequence of  operations needed for the 

correct operation o f  program PHOTON is: 

1. Pre-HATCH call initialization 

2. HATCH call 

3 .  Initialization for HOWFAR 

4 .  Initialization for AUSGAB 

5. Determination of Incident Particle Parameters 

6. SHOWER call 

7. AUSGAB call 

Step four may be repeated as often as desired, depending on what 

type information the user requires. 

As stated earlier, the program PHOTON is a modified version o f  

the EGS3 code. A detailed description of the physics used in 

program PHOTON can be found in Ref. 7 The subroutine hierarchy of 
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program PHOTON is shown in Fig. 25. A list of the program 

subroutines and their functions is given in Table 3 6 .  The Common 

Blocks and their associated variables were reproduced from the EGS3 

manual for completeness and are presented in Tables 37 through 48. 

10.3 Input Requlrements 

COMBINATORIAL GEOMETRY INPUT INSTRUCTIONS 

CARD CGA: Format (215,10X,lOA6) 

IVOPT Option which defines the method by which region volumes 
are determined; if 

0 ,  volumes set equal to 1, 

1, concentric sphere vol.umes are calculated, 

2, slab volumes (1-dim.) are calculated, (not 
operational) 

>..... . 

3 ,  volumes are input by card. 

IDBG If IDBG > 0, subroutine PR is called to print results of 
combinatorial geometry calculations during execution. Use only 
E or debugging. 

JTY Alphanumeric title for geometry input (columns 21-80). 

CARDS CGB: Format: (2X,A3,1X,I4,6D10.3) 

ITYPE Specifies body type or END to terminate reading of body 
data (for example BOX, RPP, ARB, etc.). Leave blank f o r  
continuation cards. 

IALP Body number assigned by user (all input body numbers must 
form a sequence set beginning at 1). If left blank, numbers 
are assigned sequentially. Either assign a l l  or none of the 
numbers. Leave blank for continuation cards. 

FPD(1) Real data required for the given body as shown in 
Table 4 9 .  This data must be in centimeters. 

Note: 
END card (see Table 4 9 ) .  Leave columns 1-6 blank on all 
continuation cards. 

One set of CGB cards is required for each body and for the 
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Table 36. Subroutine Functions in Program PHOTON 

~ ................. __ . .- _ 
Subroutine Function 

ALBERT 

ANNIH 

AUSGAB 

BHABHA 

BREMS 

COMPT 

EIXCTR 

FLRAN 

FUGIT 

GENI 

CG 

GOMPKP 

GOMSOK 

GTVLIN 

Gl 

Processes arbitrary polyhedron body data. 

Performs physics of two photon el-ectron - 
positron annihilation. 

User supplied routine which scores and 
outputs the results. 

Performs physics of electron Bhabha 
scattering with the atomic electrons. 

Performs physics of electron 
breins s t rahlung product ion. 

Performs physics of photon and electron 
compton scattering. 

The driver routine for the electron 
and positron random walk processes. 

Random numnber package written in 
AS S EMBLER . 

User supplied routine called f r o i n  
AUSGAB and MAIN to perform scoring. 

Outputs the geometry input informa t i o n  
and places the combinatorial geometry data 
in the proper locations in blank common. 

The workhorse of the combinatorial. geometry 
package, computes distances to intersections 
for all body types. 

Deteriiiirres the boundary crossings 
between the present and next collision sites. 

Initializes the particle with respect 
to the geometry data. 

Reads in or calculates the value of 
each region in the geometry. 

The control routine for the combinatorial 
geometry package. 
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Table 3 6 .  (continued) 

Subroutine Function 

HATCH Reads in the cross sections and 
material data processed in PECSP 

HOWFAR User supplied routine which specifies 
the geometry and links the geometry to 
the random walk process. 

HOWFAL User supplied routine called from 
HOWFAR which determines closest boundary 
of a media change and sets DNEAR equal 
to it. This reduces the number of calls 
to the geometry initialization. 

JOMIN 

LOOKZ 

MAIN 

Controls the input of the geometry 
data, determines the total amount of 
storage needed and the lengths of the 
geometxy arrays, and initializes 
the geometry arrays. 

Returns the combinatorial geometry 
zone of point ( X , Y , Z )  s o  tracking can 
be initialized. 

User supplied routine which usually 
sets certain parameters in PHOTON Common 
blocks, calls %ITCH to establish media 
data, calls HOWFAR to initialize the 
geometry, calls SHOWER to initiate the 
cascade, and performs any other user 
specified funczions. 

MOLLER Performs physics of electron 
Moller scatterlng with the atomic 
electrons. 

MSCAT Performs physics of  mulciple 
electron scattering. 

NORML Calculates the unit vector 
normal to combinatorial body NASC. 

PAIR Performs physics of photon pair 
production. 

PHOTO Performs physics of photon 
photoelectric effect. 
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Table 36. (continued) 

_l_l____.-. __I _.._..... 
Subroutine Function 

PIIOTON The driver routine for the 
photon random walk processes. 

PR Called from various locations in the 
combinatorial geometry package whenever 
intermediate output or debugging output 
is required. 

RHOSET Sets the material density. 

SHOWER Reads in a source particle from 
the source tape and initiates the random 
walk process. 

UPHI Stacks the random walk products in 
the STACK Common block. 

_I -. . 
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Table 37.  Definitions of Variables in BOUNDS Common 

Variable Definition 

ECUT Array of regions' charged particle 
cutoff energies (in MeV). 

PCUT Array of  regions' photon cutoff 
energies (in MeV). 

VACDST Distance to transport in vacuum 
(default = l.OE+08). 

Table 3 8 .  Definitions of Variables in MEDIA Common 

Variable Definition 

NMED Number of media being used 
(default = 1). 

MEDIA Array contai.ning names of media 
(default is NaI). 

RLC Array containing radiation 
lengths of the media (in cm). 

RLDU Array containing radiation 
lengths of the media in distance 
units established by DUNIT. 

RHO Array containing density of the 
3 media (in gm/cm ) .  
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Table 3 9 .  Defini t ions of Variables i n  EPCONT Common 

Def in i t ion  ._.._. . ... . . . __ Var i ab 1 e 
........... . 

EDEP 

TUSTEP 

USTEP 

TVSTEP 

VSTEP 

I D I S C  

IROLD 

IlZNEW 

EOLD 

ENEV 

BETA 

BETA2 

IAUSFL 

EKE 

ELKE 

GLE 

TSCAT 

Energy deposited ( i n  MeV) [Double 
P rec i s ion ] .  

T o t a l  (curved) s t e p  length 
requested.  

User ( s t r a i g h t  l i n e )  s t e p  length 
requested and granted.  

Actual t o t a l  (curved) s t e p  length 
t o  be t ransposted.  

Actual ( s t r a i g h t  l i n e )  s t ep  
length t o  be t ranspor ted .  

User d i scard  request  f l a g .  I D I S C  = 1 
means user  requests  immediate d i sca rd ,  
I D I S C = - 1  means user  requests  d i scard  
a f t e r  completion of t r a n s p o r t ,  
and D I S C = O  (de fau l t )  means no 
user  d i scard  requested.  

Index o f  previous region.  

Index o f  new region.  

Charged p a r t i c l e  ( t o t a l )  energy 
a t  beginning of s t ep  ( i n  MeV). 

Charged p a r t i c l e  ( t o t a l )  energy 
a t  end of s t e p  ( i n  MeV). 

Beta for present  p a r t i c l e .  

Beta squared f o r  present  p a r t i c l e .  

Array of f l a g s  f o r  turning on 
var ious c a l l s  t o  AUSGAB. 

Kinet ic  energy o f  charged 
partic1.e ( i n  MeV). 

Natural  logarithm of EKE 

Natural  logarithm o f  photon energy. 

See R e f .  7 .  
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Table 40. Definitions of Variables in MISC Common 

Variable Definition 

MED Array containing medium index €or 
each region. 

DUNIT The distance unit to be used. 
DUNIT-1 (default) establishes all 
distances in cm; whereas, 
DUNIT-2.54 establishes all 
distances in inches. 

KMPI FORTRAN unit number from which to 
read material data (default=12). 

rnP0 FORTRAN unit number on which to 
"echo" (e.g., print out) material 
data (default: = 8). 

Array containing t e density for 
each region (gm/cm > .  If this is 
different than the default density 
f o r  the medium €or that region, 
the cross sections and stopping 
powers are scaled appropriately. 
The user may also let the 
density vary continuously by 
means o f  the subroutine RHOSET. 
CALL RHOSET (RHOL) should return 
the local density, RHOL, at the 
position of %he current particle. 
The default IWOSET uses 
RHOL=RHOR(IR(NP)). 

9 M O R  

Table 41. Definitions of Variables in RANDOM Common 

Variable Definition 

IXX Random number generated seed 
(default-123456789). 
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Table 42. Definitions o f  Variables in STACK Comon 

Definition 
__..__.I 

Variable 

E Total. energy (in MeV) [Double 
Precision]. 

x,y, z Position of  particle i n  units 
established by DUNIT. 

u,v,w Direction cosines of 
particles (not necessarily 
normalized). 

DNEAR A lower bound of distance from 
( X , Y , Z )  to nearest surface of 
current region. 

WT Statistical weight of  current 
particle (default=l.O). To be used 
in conjunction with importance 
sampling as determined by user. 

IQ Integer charge o f  particle 
(+l,O,-1). 

IR Index of particle's current region. 

NP The stack pointer, i.e., the 
particle currently being pointed 
t o .  A l s o ,  the number of particles 
on the stack. 

Note: This COMMON block contains the'information about 
the particles currently in the shower. A l l  of  the above 
variables are arrays except NP. 
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Table 4 3 .  Defini t ions of Variables i n  THRESH Common 

Variable Def in i t ion  

RMT2 Twice the  e l ec t ron  rest mass 
energy ( i n  MeV). 

RMSQ Electron r e s t  mass energy squared 
( i n  MeV-squared). 

AP Array containing PECSP l o w e r  photon 
cu tof f  energy f o r  each medium ( i n  
MeV). 

UP Array containing PECSP upper photon 
cu tof f  energy f o r  each medium ( i n  
M e V ) .  

AE Array containing PECSP lower charged 
p a r t i c l e  cu tof f  energy f o r  each 
medium ( i n  MeV). 

UE Array containing PECSP upper charged 
p a r t i c l e  cu tof f  energy f o r  each 
medium ( i n  MeV). 

TE Same as  AE except k i n e t i c  energy 
r a the r  than t o t a l  energy. 

THMOLL Array containing the  Moller threshhold 
energy (THMOLL=AE+TE) f o r  each medium 
( i n  HeV) . 

- 
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Table 4 4 .  Definitions of Variables in UPHIOT Common 

Var i ab 1 e Definition 

THETA Collision scattering angle (polar). 

SINTHE Sime of THETA. 

COSTHE Cosine of THETA 

S I N P H I  Sine of PHI (the azimuthal 
scattering angle of the collision). 

COSPHI Cosine of PHI. 

PI P i  

TWOPI Twice pi. 

Table 4 5 .  Definitions of Variables in USEFUL Common 

.___. 
Variable Definit ion 

MEDIUM Index o f  current medium. If 
vacuum, then MEDIUM=O. 

MEDOLD Index o f  previous medium 

RM Electron rest mass energy (in M e V ) .  

PRM "Precision" electron rest mass 
energy (in MeV) [Double Precision]. 

PRMT2 Twice PKM [Double Precision]. 
. 
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Table 4 6 .  Definitions of Variables in PAREM Common 

... 

Variable Definition 

XB(3) 

WB(3) 

WP(3) 

XP(3) 

RIN 

ROUT 

PINF 

DIST 

IR 

IDBG 

IRPRIM 

NASC 

LSURF 

NBO 

LRI 

LRO 

KLOOP 

Coordinates of the starting point of the 
present path. 

Direction cosines of particle trajectory, 
(Equal to U,V,W). 

Temporary storage of WB(3). 

Temporary storage of  XB(3). 

Distance to entry calculated in routine GG. 

Distance to exit calculated in routine GG. 

Machine infinity. (1.00E-t-20) 

Distance from XB(3) to present point. 

Combinatorial zone of present particle 
position. 

Set non-zero to initialize a debug 
printout. 

Next region to be entered after a call of 
routine G1. 

Body number of last calculated intersection. 
Set negative to indicate source or collision 
point not on a body surface. 

Surface of body NASC where intersection 
occurred. Posizive if particle is entering 
the body and negative when exiting. 

Body number and a sign used to define zones. 
Input in zone description as positive when zone 
is contained in body and as negative if zone is 
outside body. 

Entry surface calculated in routine GG. 

Exit surface calculated in routine GG. 

Trajectory index of present path incremented 
in routine G1. 
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Table 46. (continued) 

-_ 
Variable Definition 

LOOP INEXT of last trajectory calculated for 
body NBO. If LOOP is equal to KLOOP, 
routine GG returns immediately with old values 
in RIN, ROUT, LRI, and LRO. 

ITYPE Body type of body NBO (indicates BOX, 
SPH, etc.). 

NOA Not used.  
.__._ 

_II -.._I- 
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Table 47. Definitions of Variables in ORGI Common 

Variable Definition 

DISTO Distance from point XB(3) to next scattering 
point. Used in routine G 1  to avoid calculating 
the next zone if a scattering event occurs before 
the intersection. 

MARKG Set to 1 in routine Gl i f  trajectory end point is 
reached before next intersection, otherwise set to 0. 

NMEDG Zone number IR from a LOOK2 c a l l .  ... 

NBLZ Packed word containimg both input zone and 
code zone numbers. 

BLZOLD Packed word containing input and code zone 
numbers for  the previous collision. 
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Table 4 8 .  Definitions of Variables in DBG Common 

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

Variable Definition 

N Starting location in MA array of  data for zone IRP. 

NUM Ending location in MA array of data for zone IRP. 

LOCAT Location in MA array of  address where data for 
current body is located in the FPD array. 

I SAVE Index in MA array o f  next body intersected 
(N I ISAVE I NUM). 

INEXT Pointer to first zone searched in MA array 
for next body (Equal to ISAVE + 2). 

IRP Next zone searched to determine which zone 
the current body is in. 

SMIN Distance to intersection. 

INEX Pointer to next zone searched in MA array 
if INEXT is not the zone intersected 
(Equal to INEXT + 1). 

_________ 
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Table 4 9 .  Combinatorial Geometry Body Data Input 
Requirements in Program PHOTON 

Card Columns 

Body Type 3-5 7-10 11-20 21-30 31-40 41-50 51-60 61-70 Cards Needed 
ITYPE IALP Real Data Defining Particular Body Number of 

Box BOX IALPis Vx Ky Vz Hlx  Hly Hlz  1 o f 2  
assigned H2x H2y H2z H3x H3y H3z 2of 2 

Right Parallele- RPP by the Xmin Xmax Ymin Ymax Zmin Zmax 1 
Piped user or 

by the 
Sphere SPH codeif Vx Ky Vz R 1 

left 

Cylinder R 2 of 2 
Right Circular RCC blank. Vx Vy Vz Hx Hy Hz 1 Of 2 

Right Elliptic REC Vx Vy Vz Hx Hy Hz 1 Qf 2 
Cylinder R lx  Kly Rlz R2x R2y R2z 2of 2 

Ellipsoid ELL 

Truncated TRC 
Right Cone 

Vlx Vly Vlz v2x v2y v2z 1 of 2 
L 2 of 2 

v x  vy vz Hx Hy Hz 1 of 2 
L1 L"2 2 of 2 

Right Angle WED Vx Vy Vz Hlx  Hly Hlz  1 o f 2  
Wedge H2x H2y H2z H3x H3y H3z 2 of 2 

Arbitrary ARB 
Polyhedron 

Vlx Vly v l z  v2x V2y v2z 1 of 5 

V5x V5y V5z V6x V6y V6z 3 of 5 
v3x v3y v3z v4x v4y v4z 2 0 f 5  

v7x Vly V I Z  V8X V8y vaz 4of  5 

Face Descriptions (see note below) 

Termination of END 
Body Input Data - 

NOTE: Card 5 of the arbitrary polyhedron input contains a four-digit number for each of the six faces of an ARB 
body. The format is 6D10.3, beginning in column 11. See the ARB write-up in Ref. 4 for an example. 

... 
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CARDS CGC: Format (2X,A3,15,9(A2,15)) 

IALP IALP must be a nonblank f o r  the  f i r s t  card  of  each s e t  of 
cards  def in ing  an input  zone. If 1AI.P i s  blank,  t h i s  card i s  
t r e a t e d  as a cont inuat ion of the  previous zone ca rd .  
IALP = END denotes the end of zone desc r ip t ion .  

NAZ Tota l  number of zones t h a t  can be entered upon leaving any 
of the  bodies def ined f o r  t h i s  input  region (some zones may 
be counted more than once).  Leave blank f o r  continuati-on 
cards  f o r  a given zone. ( I f  NAZ I O  on the  f i r s t  card  of 
t he  zone card  s e t ,  then it i s  s e t  t o  5 . )  This i s  used t o  
a l l -ocate  blank common. Al te rna te  IIBIAS(1) and J T Y ( 1 )  f o r  
all bodies def in ing  t h i s  input  zone. 

IIBIAS(1) Specify the "OR1' operator- i f  required f o r  t he  
JTY(1) body. 

JTY(1) Body number with the  (+) o r  ( - )  s ign  as requi red  f o r  
t he  zone desc r ip t ion .  

Note: Input zone s p e c i f i c a t i o n  cards .  One s e t  of cards  required 
f o r  each input  zone, with input  zone numbers being assigned 
sequen t i a l ly .  

CARDS CGD: Format (1415) 

MRIZ(1) MRIZ(1) i s  the  medium number i n  which the  " I t h "  input  
zone i s  contained ( I  = 1, t o  the  number of input  zones) .  
Region numbers must be sequen t i a l ly  def ined from 1. 

CARDS CGE: Format (1415) 

MMIZ(I) M M I Z ( 1 )  i s  the  medium number i n  which the  " I t h "  input  
zone i s  contained ( I  = 1, t o  the  number o f  input  zones) .  
Medium numbers must be sequen t i a l ly  def ined from 1. (Media 0 
i s  used f o r  an ex te rna l  void and media 1000 i s  used f o r  
i n t e r n a l  v o i d s . )  

CARDS CGF: Format (7D10.5) (Omit i f  IVKOPT # 3) 

VNOR(1) Volume of the  " I t h "  region ( I  = 1 t o  MXKEG, the  number 
of  r eg ions ) .  
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10.4 1/0 F i l e  Requirements 

... . 

F i l e  Unit  DescriDtion R e w i r e d  

I N  5 Card Input  Always 

I O  6 Pr in t ed  Output Always 

I PUN 7 Punched Output If use r  s p e c i f i e d  

KMPO 8 PECSP Cross, Sect ion Always 
and Material Data 
Output Tape 

ISOR 10 Source Input  Tape A l w a y s  

KMP I 1 2  PECSP Cross Sec t ion  A l w a y s  
and Mater ia l  Data 
Input  Tape 

IGEOM 1 6  Geometry Scratch Unit  Always 

10.5 JCL Requirements 

The Job Control Language (SCL) needed t o  run a PHOTON case at 

x-10 is:  

(Job ca rd ,  rou te  and jobparm cards)  
//PHOTON EXEC FORTQCLG,REGION-2048K 
//FORT.SYSIN DD * 
(User suppl ied  subrout ines)  

//LKED.LMOD DD DSN=X.JOJ24337.PROG, DISP-SHR 
/ /LKED.SYSIN DD * 
/* 

INCLUDE LMOD(PHOT0N) 
ENTRY M A I N  

//GO. FT05F001 
//FT06F001 DD 
//FT07F001 DD 
(PD cards  f o r  
(DD cards  f o r  
material da t a  
(DD cards  f o r  

DD DDNAME-SYSIN 
SYSOUT-A 
SYSOUT=B 
input  PHOTON source tape  on l o g i c a l  u n i t  10) 
input  and output  PECSP c ros s  s e c t i o n  and 
tape  on l o g i c a l  u n i t s  1 2  and 8 r e spec t ive ly )  
combinator ia l  geometry s c r a t c h  - 

da ta  on l o g i c a l  u n i t  1 6 ) .  
//SYSIN DD * 
( Input  Data Cards) 

/* 
// 
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10.6 Sample Prob& 

A complete listing o f  the JCL and input cards f o r  the sample 

problem is given in Fig. 26 and some selected output are shown in 

Fig. 2 7 .  The problem demonstrates the generation and processing of  

a 2 5 2 C f  photon source distribution incident on an ionization 

chamber. More specifically , the mono-directional 2 5 2 C f  distribution 

is generated in subroutine SETUP of  program PHOTPREP and stored on 

logical unit 10 in the first step of  the sample problem. 

In the second step, the user supplied subroutines i.e., MAIN, 

AUSGAB, HOWFAR, etc., are compiled into program PHOTON to transport 

the 2 5 2 C f  photon source distribution and obtain the ionization 

chamber response. This sample problem demonstrates the setup for 

obtaining the ionization chamber response due to a prima?y radiation 

source. If the radiation source is of  a secondary nature (e.g. a 

secondary photon source generated in program NEUTRON), the setup 

would be exactly the same except the PHOTPREP step would be elim- 

inated, and the source tape would be the one generated by the NEU- 

m o N  case. 
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... 

... 

//JOJPHOTN JOB (24337,102),'50 JOHNSON 6025',TIME-(1,00) 
/>kROUTE PRINT RMT84 
/.';ROUTE PUNCH RMT84 
/ /A EXEC FORTQCLG,REGION=2048K 
//FORT.SYSPRINT DD DUMMY 
//FORT.SYSIN DD * 

SUBROUTINE SETUP(K,E,X,Y,Z,A,B,G,WT,IRI) 
COMMON/RANDOM/RANDS(4) 
DIMENSION ES(22),PES(22) 
DATA ES/0.01,0.02,0.03,0.045,0.07,0.1,0.15,0.3,0.45,0.7, 

1 1.0,1.5,2.0,2.5,3.0,4.0,5.0,6.0,7.0,8.0,10.0,14.0/ 
DATA PES/O.0,1.124E-2,2.235E-2,3.878E-2,6.553E-2,9.67lE-2, 
1 1.463E-1,2.794E-1,3.918E-1,5.415E-1,6.734E-1,8.144E-1, 
2 8.946E-1,9.402E-1,9.660E-1,9.891E-1,9.966E-1,9.990E-l, 
3 9.998E-1,1.00OE+0,1.OOOE+O I.OOOE+O/ 
REAL'k8 VAL 
DATA xMAx/3.2131/,yMAx/3.2131/,RMAx/3.2131/ 
K=O 
CALL FLRAN(RANDS (1) ,VAL) 
DO 5 I=2,22 
IF(VAL.LE.PES(I))GO TO 7 

CALL ERROR 

CALL FLEUN(RANDS(l),VAL) 

10 CALL FLRAN(RANDS(l),VAL) 

CALL FLRAN(RANDS(l),VAL) 
Y=YMAX-2.O*YMAX*VAL 
I F ( ( X * * 2 + Y * * Z ) . G T . ( R * * 2 ) ) G O  TO 10 
z=o . 0 
A-0 . 0 
B=O . 0 
G-1 . 0 
WT=1.0 
IRI=1 
RETURN 
END 

5 CONTINUE 

7 CONTINUE 

E=ES(I-l)+VAL*(ES(I)-ES(1-1)) 

X-XMAX-2.O*XMfX*VAL 

/ ;k 
//LKED.LMOD DD DSN-X.JOJ24337.PROC,DISP==SIB 
//LKED. SYSIN DD * 

INCLUDE LMOD(PH0TPREP) 
ENTRY MAIN 

//GO.FT05F001 DD DDNAME-SYSIN 
//FT06F001 DD SYSOUT=A 
//FT10F001 DD UNIT=SYSDA,DISP-(NEM,PASS), 

Figure 26. Complete Listing of JCL and Input for PHOTON 
Sample Problem. 
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// DSN=&&SORS,SPACE=(TR,(40,20)), 

//SYSIN DD * 
378E26A5A243 

//STP2 EXEC FORTQCLG , REGION=20/k8K 
//FORT.SYSPRINT DD DUMMY 
//FORT.SYSIN DD * 
C MAIN (TO OVERRIDE ORIGINAL) 

COMMON/GREAT/XMAX,Y,ZMAX 
CO~ON/MEDIA/NMED,MEDIA(24,lO),RLC(lO),RLDU(lO),~O(lO),MSGE(l~), 

COMMON/MISC/KMPI,KMPO,DUNIT,MED(20),RHOR(20) 
COMMON/JUNK/~CUT(5lO),ANS(12,5lO),~M,J,FRONT,S~DEJBACK 
COMMON/HELPG/NPOLD,IQOLD,NJEFF 
COMMON/EOR/NCASES,NT 
COMMON/BOUNDS/ECUT(20) 
COMMON/PULS/IBOl(lOO),STOl(2OOOO),IBO~(lOO),STO2(~OOOO),M, 

REAL*8 SUMI,SUM2,SUM3 
INTEGER MEDARR(24,8) 

// DCB=(RECFM=VBS,LREC~iX,B~SIZE=6447,BUFL=~l84J~UFNO=l) 

59 5 6 1 0 0 0 200 10 

/ -k 

1 MG~(lO),MSEKE(lO),MEKE(lO),MLEKE(lO),MCMFP(lO),M~GE(l~) 

1 ST03(20000>,ST04(20000) 

1 /'A','L','U','M','I','N','U','M',16*lH , 
2 'T','E',' ','G','Af,'S',18*lH , 
3 ' T I  ,'E#,' r l ~ p f J r ~ ~  ) ~ A I , ~ S ~ , I T I  ,'If,'C',14*lH , 
4 ~P~,'O~,'L','Y','S','T',fY','R',fE','N','E',l3~l~ , 
5 'Af,'I','R',21*1H , 
6 fM',f~','C','A','R','T','A',l~*lH , 
7 'L','Uf,'C','I','T','E',l8*lH , 
8 ' B '  , ' R '  , ' A '  , ' S f  ,'S',19*lH / 

10010 DO 10011 J=1,2/+ 
MEDlA(J, l)=MEDARR(J, 1) 
MEDIA(J,2)=MEDNzR(J,2) 
MEDIA(J,3)=MEDARR(J,3) 
MEDIA(J,4)=MEDARR(J94) 
MEDIA(J,5)=MEDARR(J,5) 
MEDIA(J,6)=MEDARR(J,6) 
MEDIA(J,7)=MEDARR(J,7) 
MEDIA(J98)=MEDAKR(J,8) 

10011 CONTINUE 
M F I I ) ( 1 ) = 1  
MED(2)=2 
MED ( 3 ) -3 
MED ( 4  ) -4 
MED(5)=5 
MED(6)=6 
MED (7)=7 
ME13(8)=8 
ME1)(9)=0 

NOTE: MED (I)=I EXCEPT FOR LAST ONE 
THEN MED (NMED t l )  --0 

Figure 26.  (continued) 
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._ .... 

M-0 
NMED-8 
NJEFF=NMED+l 
NBATCH=O 
FRONT-0 . 
BACK=O . 
SIDE-0. 
DO 6618 I=1,80201 

READ(10) NCASES,NT 
DO 30 J=1,12 
DO 30 I-1,510 

30 ANS(J,I)=O.O 
I510=1 
ZCUT(1)=20.0 
CALL HATCH 

LEAKAGE ENERGY 1 
6618 IBOl(I)=O. 

DEFINES LOW DENSITY AIR BOX SURROUNDING 
GEOMETRY (SEE SUBROUTINE HOWFAR) 

ZMAX-20.0 
J=l 

IF(NUM.LE.5) 
66 READ(1O) NGO,IQI,EI,XI,YI,ZX,UI,VI,WI,WTI,NUPI,IRI 

1 WRITE(6,600) NGO,IQI,EI,XI,YI,ZI,UI,VI,WI,WTI,NUM,IRI 
600 FORMAT(215,8E12,4,215) 

GO TO (1,2,3,4),NGO 
1 CALL ERROR 
2 NPOLD-9999 
IQOLD=9999 
CALL SHOWER(IQI,EI,XI,YI,ZI,UI,VI,WI,IRI,WTI) 
GO TO 66 

J=J+l 
GO TO 66 

CALL F'UGIT(KK,NUM,IARG,DNUM,DNUM,DNUM,DNUM,DNUM,DNUM,DNVM,DNUM,DNUM) 
IF(NBATCH.NE.NT) CALL ERROR 
DO 50 1-1,1510 
DO 40 J-1,NBATCH 
ANS(J,I)=ANS(J,I)/NCASES 

40 ANS(ll,I)-ANS(11,I)-tANS(J,I) 
50 ANS(ll,I)=ANS(ll,I)/NBATCH 

XBATCH=NBATCH 
IF(NBATCH.EQ.1)GO TO 602 
DO 60 I-1,1510 
DO 70 J=l,NBATCH 

3 NBATCH=NBATCH+l 

4 KK=2 

Figure 26.  (continued). 
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70 ANS(12,1)= (ANS(ll,I)-ANS(J,I))**2 + ANS(I2,I) 
IF(ANS(11,I).EQ.O.O) GO TO 60 

ANS(1.2,I)=ANS(12,I)/SQRT(XBATCH) 
ANS(12,I)- ( S Q R T ( A N S ( l 2 , 1 ) / ( N B A T C H - l ) ) ) / A I \ J S ( 1 I , J ) * I O O .  

60 CONTINUE 

80 FOWT(‘l‘,’ZCUT=’,lPEl3.5,5X,‘AVERAGE ENERGY DEPOSITED-‘, 
602 WKITE(6,80) (ZCUT(I>,ANS(ll,I),~S(12,I),~=l,I510) 

1 I.PE13.5,5X,‘STANDARD DEVIATION (%)=’,lPE13.5) 
NUMBER=NCASES*NBATCH 
FRONT=FRONT/NUMBER 
SIDE-SIDE/NUMBER 
BACK=BACK/NUMBER 
WRTTE(6,5OO)FRONT,SIDE,BACK 

500 FORMAT(‘O’,’FRONT ENERGY LEAKAGE = ‘,1PE13.5,5X, 
1 ‘SIDE ENERGY LEAKAGE = ’,lPE13.5,5X,’BACK ENERGY LEAKAGE = ’ ,  
2 1PE13.5) 
TOTAL-O. 
DO 88 I-1,1510 

88 TOTAL-TOTAL+ANS (11, I) 
WRITE(6,90) TOTAL 

90 FORMAT(’O‘,’AVEWGE ENERGY DEYOSITED=‘,lPE13.S) 
NB-=M 
IT1-0 
IT2=0 
DELC=0.0002 
DELS=0.0002 
DO 6619 I=l,M 
IF(ST02(I).EQ.O.)GO TO 6619 
STO4(I)-STO4(1)+STO3(I)/STO2(I-) 
IJ-ST02 (I)/DELS 
IJ=IJ+l 
IF( IJ . GT. 100) IJ-1.00 
IT 2 =I T2 t- 1 
IB02(IJ)=IB02(IJ)+1 

WRITE(6,667l.)DELC,DELS,XMAX,YMAX,ZMAX 
6619 CONTINUE 

6671. FORMAT(’Or,’DEl,C-’,1PE13.5,2X,’DELS=’,1PE13.5,2X,‘XMAX=’, 
1 lPE13.5,2X,‘YMhX--=--‘,lPE13.5,2X,‘ZMAX=‘,lPE13.5) 
WRITE(6,6672) 

WRITE(6,6673) 

WRITE(6,6620)(I,IBOl(I),IBO2(I),I=l,lOO) 

WRITE( 6,6620)NB, IT1 , IT2 
WRITE(6,6652) 

6672 FOFtMAT(’l‘,6X,’PULSE HEIGHT DLSTRIBUTION’,/) 

6673 FORMAT(‘O’,7X,’BIN’,14X,’NUMBERr,/) 

6620 FORMAT( ’ ,3110) 

6652 FOFtMAT(’l’,‘CONTRIBUTION BY INCIDENT PARTICLE NUMBER‘) 
~~RITE(6,6653)(S’~Ol(I),STO2(I),S~O3(I),STO4(I),I~l,NB) 

Figure 2 6 .  (continued). 
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. .  

6653 FORMAT(2(1X,F7.0,1X,lPElO.4,~X~lPElO.4,1X,OPF5.3)) 
SUMl=O. 0 
SUM2=O. 0 
SUM3-0.0 
DO 20 I-l,M 
SUMl=SUMl+ST02(1) 
SUM2=SUM2+ST03(1) 
SUM3=SUM3+ST04(1) 

WRITE(6,6654)M,SUMl,SUM2,SUM:I 
20 CONTINUE 

6654 FORMAT(/,' ','NB=',I10,5X,'STJMM1=' ,1PD10.4,5X,rSUM2=',1PD10.4, 
1 5X,'SUM3=',1PDlO.4,/) 
SUMl-SUMl/M 
SUM2=SUMZ/M 
SUM3=SUM3/M 
WRITE(6,6655)SUMl,SUM2,SUM3 

6655 FORMAT(' ',18X,'SUM1=',1PD10,4,5X,'SUM2-',1PD10.4,5X,'SUM3=', 
1 1PD10.4) 
CALL EXIT 
STOP 
END 
SUBROUTINE AUSGAB(1ARG) 
COMMON/GREAT/XMAX,Y,ZMAX 
CO~ON/STACK/E(4O),X(4O),Y(4O),Z(4O),U(4O),V(4O),W(4O), 

DOUBLE PRECISION E,X,Y,Z 
COMMON/EPCONT/EDEP,TSTEP,TUSTEP,USTEP,TVSTEP,VSTEP,IDISC, 

DOUBLE PRECISION EDEP 
COMMON/NEED/MAT 
COMMON/JUNK/ZCUT(S1O),~S(l2~5lO),~M,J,FRONT,SIDE,BACK 
COMMON/USEFUL/PZERO,PRM,PRMT2,RM,EPS,MEDIUM,MEDOLD 
COMMON/JEFF/KILL 
REAL*8 PZERO,PRM,PRMT2 

MAT-IR(NP) 
IF(IARG.EQ.3) GO TO 60 
IF(MEDIUM.NE.MAT) CALL ERROR 
IF(IARG.NE.0) GO TO 10 
JJ-0 
ZNEW- Z(NP)+VSTEP*W(NP) 
ZBAR=(ZNEW+Z(NP))/2. 

1 DNEAR(40),WT(40),IQ(40),IR(40),NP 

1 IROLD,IRNEW 

C IF(IARG.EQ.1) CALL ERROR 

40 IZ=l 

Figure 26. (continued). 
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XOLD-X(NP) 
XNEW-X (NP) 
IF(JJ.EQ.O)XNEW=XNEW+U(NP)*VSTEP 
YOLD-Y(NP) 
YNEW-Y (NP) 
IF(JJ.EQ.0)YNEW-YNEW+V(NP)*VSTEP 
ZOLD-Z (NP) 
ZNEW=Z(NP) 
IF(JJ.EQ.O)ZNEW=ZNEW+W(NP)*VSTEP 
XF(EDEP.LE.0.) GO TO 400 
IF(MAT.NE.2)GO TO 400 
KK=1 
TEMP==EDEP*WT(NP) 
CALL FUGIT(KK,NUM,IARG,TEMP,XNEW,YNEW,ZNEW,WT(NP),XOLD,YOLD,~OLD) 

IF((ARS(XNEW).GT.X).OR.(ABS(YNEW).GT.~))~ITE(G,50) 

IF((ABS(XOLD).GT.X).OR.(ABS(YOLD).GT.~))~ITE(6,50) 

400 CONTINUE 

1 XOLD,XNEW,YOLD,YNEW,ZOLD,ZNEW 

lXOLD,XNEW,YOLD,YNEW,ZOLD,ZNEW 
50 FORMAT(' ',1PGE20.G) 

RETURN 

J J-1 
10 ZBBK-Z(NP) 

GO TO 40 

IF(KILL.NE.O)GO TO 10 

IF(Z(NP).LE.O.Ol) GO TO 70 

60 EEE=E(NP) 

IF(IQ(NP).NE.O)EEE=E(NP)-O.511 

IF(Z(NP).GE.(ZMAX-0.01)) GO TO 80 
S ID E- S ID E+ E E E*WT ( NP ) 
RETURN 

RETURN 

RETURN 
END 
SUBROUTINE HOWFAR 
COMMON/GREAT/XMAX,Y,ZM 
CO~ON/STACK/E(~~O),X(4O),Y(4O),Z(~~),U(4O),V(4O),W(~~), 

DOUBLE PRECISION E,GMS,EDEP,X,Y,Z,S 
COMMON/EPCONT/EUEP,TSTEP,TUSTEP,USTEP,TVST~P,VSTEP,IDISC, 

COMMON GMS(8000) 
COMMON/HELPG/NPOLD,IQOLD,NJEFF 
COMMON/USEFUL/PZEKO,PRM,PRbfT2,RM,EPS,MEDIUM 
COMMON/JEFF/KILL 
REAI,*8 PZERO , PRM, PRMT2 

70 FRONT=FRONT+EEE*WT(NP) 

80 RACK=BACK+EEE*WT(NP) 

1 DNEAR(40),WT(40),IQ(40),IR(~tO),NP 

1. IROLD ~ IRNEW 

Figure 2 6 .  (Col l t inued) .  
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DATA IST/O/ 
IF(IST.EQ.1) GO TO 100 
NGEOM-1 
GMS(1)-NGEOM 
IN-5 
10-6 
CALL JOMIN(NGEOM,IN,IO) 
WRITE(I0,7777) NGEOM 

IF(NGEOM.GT.8000) STOP 101 
ES CAP-0 . 
NMK-9999 
IST=1 
IKY-0 

KILLFO 
IF(IQ(NP).GE.O)GO TO 305 

GO TO 305 

KILL-1 
RETURN 

7777 FORMAT(’ GEOM REQUIRES’,IlO,‘ LOCATIONS‘) 

100 IF(ESCAP.NE.0.) GO TO 300 

C I F ( ( E ( N P ) . L E . O . 6 l l ) . A N D . ( I R ( N P ) . E Q , L ) ) G O  TO 306 

306 IDISC-1 

305 CONTINUE 
101 Xl=X(NP) 

Yl=Y (NP ) 
Z1-Z (NP) 
UNP-U (NP) 
VNP=V (NP) 
WNP-W (NP) 
xYzDuM~l.E-4 

950 X2=Xl+UNP*XYZDUM 
YZ-Yl+VNP*XYZDUM 
Z2=Zl+WNP*XYZDUM 
IF(XMAX.LE.ABS(X2)) GO TO 889 
IF(YMAX.LE.ABS(Y2)) GO TO 889 
IF(ZMAX.LE.ABS(Z2)) GO TO 889 
CALL GOMSOR(X2,Y2,22,NMED,BLZ) 
DNEAR (NP) -0. 
IF(NMED.EQ.IR(NP)) GO TO 61 
IRNEW=NMED 
IF(IQ(NP).EQ.O) GO TO 888 

RETURN 

RETURN 
61 X2=Xl+UNP*USTEP 

Y2-Y1+VNP*USTEP 
22-21+WNP*USTEP 

METHOD USED FOR PARTICLE ESCAPE 

USTEPx-l.E-66 

888 USTEP-0. 

Figure 26. (continued). 
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C CALI, HOWFAl(X(NP) ,Y(NP) ,Z(NP) ,NMED,DNEAR(NP)) 
BLZOLD- RLZ 
MEDOLD=NMED 
m=1 
CALL GOMPRP(Xl,Yl,Zl,UNP,VNP,WNP,NMED,BLZ,MAR,USTEP,S,X2,Y2,Z2) 
IF(NP.NE.NPOLD) IKY=O 
IF(NP.EQ.NPOLD) IKY-IKY+l 
IF(IKY.GT.300) GO TO 805 
NMJ.Z-MARK+3 
IQOLD=IQ(NP) 
NPOT,D=NP 
GO TO (10,20,30,40) 

10 CALI, ERROR 
20 ESCAP-I. 

USTEP=S 
C IF(USTEP.LE.XYZDUM 

IRNEW-NJEFF 
RETURN 

30 USTEP-S 

NMK 

USTEP=XYZDUM 

C IF(USTEP.LE.XYZDUM) USTEP-XYZDUM 
IRNEW=NMED 

40 RETURN 
300 ESCAP-0. 

IF(IQOLD.NE.IQ(NP)) GO TO 101 
IF(NP.NE.NPOLD) GO TO 101 
IF(IRNEW.NE.NJEFF) GO TO 101 

RETURN 
889 IDISC=l 

805 X(NP)==X(NP)+XYZDUM*U(NP) 

Z(NP)-Z(NP)+XYZDUM*W(NP) 
WRITE(6,806) 

IKY-0 
GO TO 101 
END 
SUBROUTINE HOWFAl(X,Y,Z,NMED,XYZ) 
REAL*8 XI Y , Z 
RETURN 
END 
SUBROUTINE FUGIT(KK,NUM,IARG,TEMP,XC,YC,ZC,WEIT,X1,Y1,Z1) 
DIMENSION X(20),Y(20),Z(20),XMID(20),~ID(20),%MID(20) 
DlMENSION RDEL(2O),RTRNS(20),WGT(20) 
CO~~O~/PU~~S/IBOl(lOO),ST01(20OOO),IBO2(lOO),~TO2(2O0OO),~~, 

CO~~N/STACK/EF(~t0),XF(40),YF(40),Z~(4O),UF(4O),VF(4O),WF(4~), 

DOUBLE PRECISION EF,XF,YF,ZF 
DATA NUMOLD/O/ 

Y (NP ) --=Y (NP ) +XYZDUM*V (NP) 

806 FORMAT(1H , '  APPEARS TO BE MJNG-UP X,Y,Z INCREASED BY 1 . E - 4  ' )  

1 ST03(20000),ST04(20000) 

1 DNERF(40),WTF(40),~QF(40),IRF(40),NP1 

Figure 26.  (continued). 
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C 

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

DATA XCNT/O.O/,YCNT/O.O/,ZC~T/lO.O/,RCOL/l.5Oll4/,~/2.49936/ 
IF((IARG.EQ.2).AND.(IQF(NPl).EQ.l))WRITE(6,22) 

IF(IARG.EQ.4)WRITE(6,23)NUM,'~EMP,EF(NPl),NPl,IARG 
22 FORMAT(' A POSITRON HAS SLOWED TO REST IN THE ACTIVE MEDIUM') 

23 FORMAT(' ','NUM-',I10,5X,'TEMP=',ElO.4,5X,'EF(NP)=',ElO.4, 

IF((I~G.~Q.2).~D.(IQF(NP1).EQ.l))WRITE(6,2l)~M,TEMP, 

21 FORMAT(' ','NUM=',I10,5X,'TEWP=',E10.4,5X,'EF(NP)=',E10.4, 

1 5X,'NP=',Il0,5X,'IARG=',I10,/) 

1 EF(NPl),NPl 

1 SX,'NP-',IlO,/) 
IF((IARG.EQ.2).AND.(IQF(NP1).EQ.l))RETUR 
IF(KK.NE.1)RETURN 
IF(NUMOLD.EQ.NUM)GO TO 20 
M=M+l 
IF(M.GT.20000)RETURN 
STOl(M)=NUM 
NUMOLD-NUM 

20 ST02(M)-ST02(M)+TEMP 
TRKLEN=SQRT((XC-X1)**2+(YC-Yl)**2+(ZC-Z1)**2) 
NDEkTRKLEN/l.O+1.01 
DELTRK=TRKLEN/NDEL 
DELTMP-TEMP/NDEL 
X(l)-X1 
Y(l)=Y1 
Z(l)-Z1 
DO 30 I=l,NDEL 
X(I+1)-X(I)+UF(NPl)*DELTRK 
Y(I+1)==Y(I)+VF(NP1)*DELTRK 
Z(I+l)=Z(I)+WF(NPl)*DELTRK 

TMPNEW=O.O 
DO 40 I-1,NDEL 
XMID(I)=(X(I+l)+X(1))/2.0 
YMID(I)=(Y(I+l)+Y(1))/2.0 
zMID(I)-(Z(I+l)+Z(I))/2.0 

30 CONTINUE 

RDEL(I)~SQRT((XMIP(I)-XCNT)~*2+(YMID(I)-YCNT)**2+ 
1 (ZMID(1)-ZCNT)**2) 
RTKNS(1)-RDEL(1)-RCOL 
WGT(I)-RTRNS(I)/(RMX-RCOL) 
TMPNEW=TMPNEW+WGT(I)*DELTMP 

STO3(M)-STO3(M)+TMPNEW 
40 CONTINUE 

ST03(M)=ST03(M)+TEMP 
RETURN 
END 

/ >k 

//LKED.LMOD DD DSN=X.JOJ24337.PROG,DISP=SHR 
//LKED.SYSXN DD * 

Figure 26. (continued), 
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INCLUDE LMOD(PHOT0N) 
ENTRY MAIN 

//GO.FT05FOOL DD DDNAME-SYSIN 
//FT06F001 DD SYSOUT-A 
//FTO 7F001. DD SYSOUT=B 
//FT08F001 DD DUMMY 
//FT12F001 DD DSN=MEN.XlO.JOJ.PEGS.AFRRI.CHAMBERS,DISP=SHR 
//FT10F001 DD DSN=&&SORS,UNIT=SYSDA,DISP-(OLD,DEI,ETE) 
//FT16F001 DD UNIT=SYSDA,SPACE=(TRK,(20,l),RLSE), 
// DSN=&&GEOM,DCB=(RECFM=VBS,LRECTi36OO,BLKSIZE=3604), 
// DISP=(NEW,PASS) 
//SYSIN DD * 

0 0  AFRRI SOCC IONIZATION CHAMBER (O.OCM BUILD-UP 
RPP 1 -10.0 10.0 -10 .0  10.0 0.0 
SPH 2 0.0 0.0 10.0 3.2131 
SPH 3 0.0 0.0 10.0 2.49936 
SPH 4 0.0 0.0 10.0 1.50114 
RCC 5 0.0 0.0 10.0 -6.35 0.0 

RC C 6 -1.27 0.0 10.0 -1.27 0.0 

RC C 7 -2.38125 0.0 10.0 -1.190625 0.0 

RCC a -2 a 54 0.0 10.0 -1.666875 0.0 

RCC 9 -3.33375 0.0 10.0 -1.349375 0.0 

RCC 10 -2.460625 0.0 10.0 -0.9525 0.0 

RCC 11 -4.524375 0.0 10.0 -0.555625 0.0 

RCC 12 -5.000625 0.0 10.0 -0.714375 0.0 

RCC 13 -4.12'75 0.0 10.0 -0.873125 0.0 

RCC 14 -3.175 0.0 10.0 -1.031875 0.0 

RCC 1.5 -2.460625 0.0 10.0 -0.79375 0.0 

RCC 16 -4.60375 0.0 10.0 -1.349375 0.0 

RCC 1.7 -4.92125 0.0 10.0 -0.47625 0.0 

RCC 18 -4 .60375  0.0 10.0 -1.74625 0.0 

RCC 19 -5.87375 0.0 10.0 -0.47625 0.0 

RCC 20 -5.000625 0.0 10.0 -0.9525 0.0 

0.15875 

0.47625 

0.3175 

1.74625 

0.635 

0.47625 

0 ~ 555625 

0.396875 

1.666875 

0. a73125 

0.635 

0.635 

1.666875 

0.79375 

0.635 

0.47625 

CAP) 
2 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 

Figure 2 6 ,  (continued). 
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RC C 

RCC 

21 -2.2225 
0.873125 

1.74625 
22 -4.1275 

23 -500.0 

0 . 0  10.0 - 1.031875 0 . 0  0 . 0  

0.0  10.0 -2.2225 0 . 0  0 . 0  

RPP 
END 
AIR 
WAL 
GAS 
COL 
ROD 
POL 

500.0 -500 .0  500.0 -500.0 500.0 

OOR 1 
OOR 2 
OOR 3 
OOR 4 
0 5 
OOR 9 
OR 12 
OOR 13 
0 16 
OOR 19 
OOR 17 
0 23 

-2 -8 
-3 - 14 
-4  - 6  
-50R 6 

- 220R 
- 210R 
- 150R 

-5  

22 - 13 
8 - 14 
21 -6 
lOOR 7 

- 17 
- 21 
- 14 
-5 

- 18 
-22 
- 15 

-5 -7 
-5 
- 9  - 17 

- 11 - 19 
-50R 20 
-160R 18 

- 160R 10 - 5  - 70R 11 -5 

INS 
BRS 
LUC 
s LV 
VD 
END 
1 
5 

/* 
// 

- 180R 
- 20 
-5 
-9 

14 - 9  - lOOR 15 - 10 

- 11 - 12 
- 16 - 19 

-1 

1 1 1  
3 2 3 

1 1 
1 4  

1 1 
t 8 

1 1 
7 1 

1 
0 

Figure 26. (continued). 
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RPP 
SPH 
6PH 
SPH 
RCC 

RCC 

RCC 

RCC 

RCC 

RCC 

RCC 

RCC 

RCC 

RCC 

RCC 

RCC 

RCC 

RCC 

AFRRI 50CC IONIZATION CHAMBER tO.0CH BUILD-UP CAP) 

IVOPT = 0 IDBG = 0 

1 -0.1000000D+02 
2 0.0 
3 0.0  
4 0.0 
5 0.0 

0.1587500D+00 
6 -0.1270000~+01 

0.47625000+00 
7 -0.2381250D+01 

0.31750OOD+OO 
8 -0.254000OD+Ol 

0.1746250D+01 
9 -0.333375OD+Ot 

0.63500OOD+OO 
0 -0.2460625D+Ol 

0.4762500D+00 

0.55562500+00 
2 -0.5000625D+01 

0.396875OD+OO 
3 -0.4127500Dt01 

0.16668750+01 
4 -0.3175000D+01 

0.87312500+00 

0.6350000Dt00 
6 -0.460375ODc01 

0.63500OOD+OO 

0.1666875D+Ol 

i -0.45aa37~0+01 

5 -0.2460625D+01 

7 -0.492125OD+Ol 

BODY DATA 
0~1000OOOD+02 -0.1000000~+02 0.1000000D+02 
0.0 0.1000000D+OZ 0.32131OOD+Ol 
0.0 0.1000000D+O2 0.24993603)+01 
0.0 0.10000000+02 0.1501140D+01 
0.0 0.1000000D+02 -0.635OOOOD+01 

0.0 0.1000000D+02 -0.1270000D+01 

0.0 0.1000000~+02 -0.1190625D+Ol 

0.0 0.1000000D+O2 -0.1666875D+01 

0.0 0.1000000D+02 -0.1399375D+Ol 

0.0 

0.0 

0.0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

ie -0.4603750~+01 0 . 0  
0.7937500D+00 

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

000000D+02 -0.952500OD+OO 

OOOOOOD+02 -Oe5556250D+O0 

OOOOOOD+O2 -0.7143750D+OO 

OOOOOOD+O2 -0.8731250D+OO 

OOOOOODtO2 -0.1031875D+O1 

000000D+02 -0.7937500D+00 

000000D+02 -0.1349375D+Ol 

OOOOOOD+O2 -0.4762500D+00 

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  

0.20000000+02 3 
0.0 1 1  
0.0 19 
0.0 27 
0.0 35 

0.0 44 

0.0 53 

0.0 62 

0.0 71 

0.0 8 0  

0.0 89 

0.0 98 

0.0 107 

0.0 116 

0.0 125 

0.0 134 

0 . 0  193 

0.0 152 

Figure 27. (continued). 
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CODE GOYO 
1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

I KRlCI) 
1 1 
2 3 
3 5 
4 7 
5 10 
6 1 1  
7 15  
8 18 
9 19 
10 21 
1 1  a3 

INPUT ZONE 
1 
1 
2 
2 
3 
3 
4 
4 
4 
5 
6 
6 
6 
6 
7 
7 
7 
8 
9 
9 
10 
10 
1 1  

KR2(I) 
2 
4 
6 
9 
10 
14 
17 
18 
20 
22 
23 

ZONB DATA LOC. 
162 
179 
196 
21 3 
230 
247 
264 
273 
186 
295 
300 
31 7 
330 
339 
3 48 
365 
378 
387 
409 
413 
430 
439 
1156 

NO. OP BODIES 
4 
4 
4 
4 
rr 
4 
2 
3 
2 
1 
4 
3 
2 
2 
4 
3 
2 
4 
2 
9 
2 
4 
2 

REGION NO. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

NEDIA NO. 
5 
5 
3 
3 
a 
2 
3 
3 
3 
1 
4 
4 
4 
4 
6 
6 
6 
8 
1 
7 
1 
1 
C 

Figure 27.  (continued). 



1 1 1 1 1 1 1 1 1 1 1  

ZIORBg: XEDIA IH INPUT IOHE11) ARRAY ~ I % I I ) , I = l , l ~ )  

5 3 2 3 1 4 6 8 7 1 0  
OPTION 0 WAS USXD IN CALCULATING VOLUMES, FOR 1 REGIONS 
0-SET VOLUMES = 1 ,  1-CONCENTRIC SPHERES, 2-SLABS, 3-INPUTVOLUMES. 

VOLUMES tCM**l UBED IN COLLISIONS DENSITY AND TRACK LENGTH ESTIMTORS. 
REG 1 

VOLUME 1.OOOD+OO 
GEOM RZQUIRES 1 1 8 0  LOCATIONS 

2 0 0.2354E+00 -0.2201E+01 0.4?62E+00 0.0 0.0 0.0 0.1000E+01 0.1000E+01 2 1 
2 0 0.1086E+01 -0.8202B+OO -0.198lE+01 0.0 0.0 0.0 O.lOOOE+Ol 0.1000E+01 3 1 
2 0 0.200BE+01 0.2169E+Ol O.t531E+01 0.0 0 . 0  0.0 0.1000E+0? 0 . 1 0 0 0 ~ + 0 1  4 1 
2 0 0.2891E+00 0.11495+01 0.:334E+01 0.0 0 . 0  0.0 O.l000S+01 0.1000E+01 5 1 
3 0 0.0 0.0 0 . 0  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 0 . 0  0 . 0  0 0  
3 0 0 . 0  0.0 0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 0  
3 0 0.0 0 . 0  0.0 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  0 . 0  0 . 0  0 0  
3 0 0 .0  0.0 0.0 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 0  

3 0 0 . 0  0.0 0 . 0  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 0.0 0.0 0 0  
3 0 0.0 0.0 0 . 0  0.0 0 . 0  0.0 0 . 0  0 . 0  0 0  
3 0 0 . 0  0 . 0  0.0 0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 0  
4 0 0 . 0  0 . 0  0 . 0  0.0 0 . 0  0 . 0  0 . 0  0 . 0  0 0  

%CUT= 2.00OOOE+Ol AVERAGE BNERGY DEPOSITED= 6.64533E-02 STANDARD DEVIATION ( X I =  5.236OOE+OO 
PROHT ENERGY LEARAGE = 5.107893-03 SIDE ENERGY LEAKAGE = 2.6147OE-02 BACK ENERGY LEAKAGE = 8.27755E-01 
AVERAGE ENERGY DEPOSITED= 6.64533%-02 
DELC= 2.00000E-04 DELS= 2.00000E-04 xEux= 1.00OOOE+Ol YruiX= l.OOOOOE+01 EXAX= 2.00000B+01 

Figure 2 7 .  (continued). 
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APPENDIX A 

GENERATION OF POINTWISE CROSS SECTIONS 
FROM ENDF/B DATA TAPES 

1.0 INTRODUCTION 

The program RDNDF is designed to read ENDF/B-V-formatted cross 

section files and process the da&a into a suitable form for 

calculating ionization chamber response characteristics using a 

continuous Monte Carlo program. To accomplish this objective, the 

input cross section files must f i rs t  be processed through a series 

of pre-processing programs for data in ENDF/B format. Each program 

has a specific task in converting the raw ENDF/B data into a 

suitable format for processing in RDNDF. In particular, the pre- 

processing programs consist of RIGEL8, RESND9, LINEARlO, SZGMAIZ1, 

and SCAN.12 With the exception of  RIGEL, the programs are tied 

together in the MINXI5I3 3 cross section processing package. A 

brief description of the purpose of each program along with the 

input instructions needed for accomplishing the above objective are 

presented below. The interested reader should consult the 

references for further information. 

1.1 RIGEL 

Program RIGEL is designed to: selectively or non-selectively 

retrieve ENDF/B data from up to nine ENDF/B SOURCE tapes; merge the 

retrieved ENDF/B data onto up to eight ENDF/B RESULT tapes; change 

the data arrangement from STANDARD arrangement to ALTERNATE or vice 
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versa; and change the data mode from BCD to Binary or vice versa. 

All SOURCE tapes must be in the same arrangement (ALTERNATE or 

STANDARD). Likewise all RESULT tapes must be in the same 

arrangement. A l l  tapes may be either BCD o r  Binary mode. 

normally a single pass program and does no t  use any scratch unit. 

RIGEL is 

1.1.1 Input Requirements 

The following input cards are required in order to execute a 

RIGEL case. 

Card I: Format (4111) 

SOURCE tape arrangement (1 - ALTERNATE, 2 - STANDARD) 

RESULT tape arrangement (I. - ATATERNATE, 2 - STANDARD) 

ENDF/B tape number for all RESULT tapes (if I O ,  the ENDF/B 
tape number from the first SOURCE tape is written on all 
result tapes) 

SELECTION OPTION 

0 non-selective (all non-duplicate sections are 
acceptable) 

1 (MAT, MF, MT) range 

2 (ZA,  MF, MT) range 

3 (MAT, MF, MT) table 

4 (ZA, MF, MT) table 

Notre: Card 2 wi1.l depend on the values of the selection option 

Card 2 (Selection Option = 0) 

No cards required 

Card 2 (Selection Option 1= 1): Format (6111) ( I 0 implies no MAT 
lower limit) 
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MAT lower limit 

MF lower limit 

MT lower limit 

MAT upper limit 

MF upper limit 

MT upper limit 

Card 2 (Selection Option = 2): Format (6111) ( 5 0 implies no 
limit) 

ZA* lower limit 

MF lower limit 

MT lower limit 

ZA upper limit 

MF upper limit 

MT upper limit 

*Integer value in the ENDF/B convention of lOOO*Z+A. 

Card(s) 2 (Selection Option = 3 ) :  Format (3111) ( I O  Implies 
equality not necessary) 

MAT to be retrieved 

MF to be retrieved 

MT to be retrieved 

Note: The number of cards must be less than or equal to 100 and 
must be followed by a blank card. 

Card(s) 2 (Selection Option = 4 ) :  Format (3111) ( 5 0 implies 
equality not necessary) 

ZA to be retrieved 

MF to be retrieved 

MT to be retrieved 

Note: The number of cards must be less than or equal to 100 and 
must be followed by a blank card. 
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Card(s) 3 :  Format (2111) 

SOURCE tape mode ( 1 - BCD, 2 - Binary) 

SOURCE tape u n i t  number 

Note :  The number of  cards  must be l e s s  than o r  equal t o  9 and must 
be followed by a blank card.  

Card(s) 4 :  Format (2111)  

RESULT tape mode (1 - BCB, 2 - Binary) 

RESULT tape u n i t  number 

Note: The number o f  cards  must be l e s s  than o r  equal t o  8 and must 
be followed by a blank card.  

Card 5 :  Format (llA6) 

Tape l a b e l  f o r  a l l  RESULT tapes  

Note: If the e n t i r e  l a b e l  i s  blank,  the  tape l a b e l  from the  f i r s t  
SOURCE tape i s  w r i t t e n  on a l l  RESULT t apes .  

1 . 1 . 2  1/0 F i l e  Requirements 

The RIGEL program is executed through the AMPX Driver .  Because 

the  binary master f o r  ENDF is  included i n  the AMPX catalogued 

procedures on l o g i c a l  u n i t  11, the only 1/0 requirement f o r  a RIGEL 

case i s  a l o g i c a l  u n i t  f o r  the RESULT tape .  A l l  o ther  1/0 log ica l  

u n i t s  ( e . g .  s tandard read and wr i t e )  a r e  included i n  the AMPX 

catalogued procedures.  

1.2 RESND5 

Program RESND5 i s  designed t o  recons t ruc t  the  energy-dependent 

neutron t o t a l ,  e l a s t i c ,  cap ture ,  and f i s s i o n  cross sect:i.ons f rom a 

combination of  resonance parameters and tabula ted  background cross  

sec t ions  i n  the ENDF/B format. The cross  sec t ions  a r e  output i n  the 

r e s u l t  f i l e  i n  an ENDF/B format and a r e  l i n e a r l y  in t e rpo lab le  over 
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... ..... 

the entire energy range. The output includes the original resonance 

parameters in a form that can be used in Doppler broadening and 

self-shielding calculations, 

1.2.1 Input Requirements 

The following card is required in order to execute a RESND5 

case. 

Card 1: Format (215,2E10.4,110) 

MAT1 the starting ENDF/B material number 

MAT2 the ending ENDF/B material number 

ERR the resonance reconstruction tolerance 

AVER the absolute resonance reconstruction tolerance 

IMESH 1/2 - coarse/fine mesh selection 

Note: For best results, AVER-1.00E-05 and IMESH=2 are suggested. 

1.2.2 1/0 F i l e  Requtrements 

F i l e  Unit Description Reauired 

INPUT 5 Card Input A l w a y s  

OUTPUT 6 Printed Output A l w a y s  

ENDFIN 20 Input ENDF/B tape (BCD) A l w a y s  

ENDFOT 21 Output ENDF/B tape (BCD) A l w a y s  

SCRl 22 Scratch unit A l w a y s  

S CR2 23 Scratch unit A l w a y s  
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1.3 LINEAR 

Program LINEAR is designed to convert evaluated cross sections 

in the ENDF/B format into a tabular form that is subject tu linear- 

linear interpolation in energy and cross section. The program also 

thins tables of  cross sections that are already linearly interpol- 

able. The principal advantage of the program is that it allows sub- 

sequent programs to consider only linearly-interpolable data. 

1.4 SIGMA1 

Program SIGMAl is designed to Doppler-broaden evaluated cross 

sections in the ENDF/B format. The program requires the input cross 

sections to be tabulated as linearly interpolable functions of 

energy in ENDF/B File 3 .  The broadened cross sections in this same 

form replace the original values in the output tape. Furthermore, 

SIGMA1 has the capability of thinning the broadened cross sections 

to a specified tolerance. 

1.4.1 Input Requirements 

LINEAR and SIGMAl are executed in the same j o b  step. The f o l -  

lowing cards are required in order to execute a LINEAR/STGMAl case. 

Card 1: Format (20A4) 

TITLE 80 character description of problem 

Card 2 :  Format (615) 

l U T  1 

WIT2 the ending ENDF/B material number 

the starting ENDF/B material number 



26 3 

NOTAPE a flag which controls various start and restart 
capabilities 

0 or 1 Read a PENDF tape on unit 12 and produce a Doppler 
broadened tape on unit 21 wih all data linearized. 

2 Flag used for restarting a SIGMA1 case 

LPRINT No effect 

NTMP Number of temperatures not counting 0°K 

Number of u values 
0 

NSIG 

Card 3: Format (15,2E10.0) [Required if NOTAPlE-21 

NDONE Number of completed temperatures 

RESLO Starting energy (eV) for thinning operation 

RESHI Ending energy (eV) for thinning operation 

Card 4 :  Format (4E10.0) 

ERR1 Fractional error for resonance reconstruction 

ERLIN Fractional error for linearization 

ERTHN Fractional error for Doppler thinning 

ERINT Fractional error for adaptive integration 

Card 5: Format (6E10.0) 

TB The NTMP temperatures ( O K )  

Card 6 :  Format (6E10.0) 

SIGPT The NSIG background dilution cross sections 
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1.4.2 I/o File Requlrernents 

____----I 
____----_- 
File Unit Description Required 

INPUT 5 Card Input Always 

OUTPUT 6 Printed Output Always 

SCRl 3 Scratch Unit Always 

SCR2 9 Scratch Unit Always 

ENDFIN 12 Input ENDF/B tape (BCD) Always 

ENDFOT 21 Output ENDF/B tape (BCD) Always 

1.5 SCAN 

The program SCAN is used to check the point data files to 

detect any occurrences of non-physical cross sections and other 

known abnormalities. 

1 . 5 . 1  Input Requirements 

The following cards are required in order to execute a SCAN 

case. 

Card 1: Format (415) 

MAT ENDF/B material number 

MF ENDF/B file number 

NMT Number of reaction types 

NTMP Number of temperatures 

Card 2: Format (1015) 

NT(I),J=l,NMT Reaction types. 
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1.5.2 1/0 File Requirements 

File Unit Description Required 

INPUT 5 Card Input A l w a y s  

OUTPUT 6 Printed Output Always 

ENDFIN 20 Input ENDF/B tape (BCD) Always 

1.6 SAMPLE PROBLEM 

The schematic diagram of  the pointwise data generation process 

(with S C A N )  is shown in Figure A - 1 .  A sample listing of  the JCL and 

input used to process ENDFIB files 1 through 15 f o r  material hydro- 

gen is outlined in Figure A-2. The ENDFIB data resides on NE3330 in 

the binary mode. 

data, RIGEL is used to convert the files to BCD formatted data. The 

output data set consists of two complete evaluations, one at 0 ° K  and 

the other at 300°K stacked sequentially. 

Since all the m.odules except RIGEL require BCD 

... ..... 
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ORNL - DWG 86 - 15409 

CHANGE DATA IMADE FROM 
BINARY TO BCD 

RECONSTRUCT RESONANCE POINT 
DATA FROM ENDF/B FILES 

LINEARIZE, BROADEN, AND 
THIN POINT DATA 

I SCAN CHECK FOR SIGNIFICANCE ERRORS 
J AND NON-PHYSICAL CROSS SECTIONS 

Figure A - 1 .  Schematic Diagram of Pointwise Data Generation 
with SCAN. 
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15 0 

//JOJRENDR JOB (24337,102),’50 JOHNSON 6025‘,TIME-(0,10) 
/*ROUTE PUNCH KMT84 
/*ROUTE PRINT RMT84 
/ k k  RUN RIGEL THROUGH AMPX PROCEDURE TO SELECT DATA. 
/,hk OUTPUT FILE WILL BE WRITTEN TO UNIT 60. 
//STEP1 EXEC AMPX,PARM.LKED-’NO~P’,REGION.GO-l020K,VER=VS 
//LKED.ENDFR5 DD DSN-E.BLDOOOOO.KIGEL.HEX,DISP=SHR 
//LKED.SYSIN DD * 
INCLUDE ENDFRS 
NAME RIGEL 
//GO.FT60F001 DD UNIT=SYSDA,DISP==(NEW,FASS), 
// SPACE=(TRK,(lOO,ZO),RLSE), 
// DCB=(RECFM-FB,LRECL=8O,BLKSIZE-12800),DSN=&&ENDF 
//GO.SYSIN DD * 
=RIGEL 

2 2 0 1 
1301 1 0 1301 

2 11 

1 60 
Blank Card 

Blank Card 
Blank Title Card 

//* RUN RESND5 TO RECONSTRUCT THE RESONANCE DATA 
//* INPUT IS READ FROM UNIT 20 AND OUTPUT IS WRITTEN ON UNIT 21 
//STEP2 EXEC FORTQLG,PARM.LKED=’NOMAP‘,LKSIZE=27OK~GOSIZE=102OK 
//LKED.RESND DD DSN-E.BLDOOOOO.RESEND.QCOM,VOLFSER=ZXOOOO,DISP~SHR, 
// UNIT=3330-1 
//LKED.SYSIN DD * 
//GO.FT20F001 DD DSN=&&ENDF,DISP-(OLD,DELETE) 
//GO.FT21F001 DD UNIT-SYSDA,DISP=-(NEW,PASS), 
// SPACE=(TRK,(lOO,ZO),RLSE), 
// DCB=(KECFM=FB,LRECL-80,BLKSIZE-l28OO),DSN-&&TAPEl2 
//GO.FT22F001 DD UNIT==SYSDA,DISP=(,PASS),SPACE=(CYL,(20,2,5)) 
//GO.FT23F001 DD UNIT=SYSDA,DISP=(,PASS),SPACE=(CYL,(20,2,5)) 
//GO.FT05F001 DD * 

/* 

INCLUDE RESND 

1301 1301 0.005 1,OE-05 2 
/* 
//* RUN LINEAR TO M E  THE CROSS SECTIONS LINEARLY INTERPOLABLE 
//* RUN SIGMA1 TO DOPPLER BROADEN THE RESONANCE CROSS SECTIONS 
//* INPUT IS READ FROM UNIT 12 AND OUTPUT IS WRITTEN TO UNIT 21 
//STEP3 EXEC FORTQLG,PARM.LKED=’NOMAP’,LKSIZE=27OK,GOSIZE=lO2OK 
//LKED.JEN DD DSN=E.BLDOOOOO.SIGMAl.QCOM,VOIr;.SER=ZXOOOO,~ISP~S~R, 
// UNIT=3330-1 
//LKED.SYSIN DD * 
INCLUDE JEN 

Figure A-2. Sample Listing of JCL and Input Used to Generate 
Pointwise Cross Sections from ENDFl’B Data Tapes. 
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//GO.FT03F001 DD UNTT-SYSDA,SPACE-(TR,(350,100)), 
// DCB=(RECFM=VBS,LRECIi=84,BLKSIZE=6384) 
//GO.FT09F001 DD UNIT=SYSDA,SPACE=(TRK,(50,10)), 
// DCB-(RECFM=VBS,LRECIi=X,BLKSIZE=921) 
//GO.FT12F001 DD DSN-&&TAPE12,DISP-(OLD,DELETE) 
//GO.FT21F001 DD UNIT-3330V,DISP=(NEW,CATLG), 
// SPACE=(TRK,(50,50),RLSE),VOL=SER=VINTO9, 
// DCB=(RECFM=FB,LRECIi=80,BLKSIZE-l2800), 
// DSN=MEN.XlO.JOJ.HYDROGEN 
//GO.FT05F001 DD * 

SAMPLE PROBLEM TO CREATE H (MAT 1301) POINTWISE TAPE 
1301 1301 0 1 1 1 0 
0.005 0.002 0.002 0.001 
3.000E+O2 
1. OOOeclO 

/* 
//* RUN SCAN TO CHECK FOR NON-PHYSICAL CROSS SECTIONS 
//STEP4 EXEC FORTQLG,PARM.LKED='NOMAP' ,REGION=270K 
//LKED.PROG DD UNIT=3330V,VOIiSER=VRSIC3,DISP=SHR, 
// DSN=JIB. JRK. SCANOBJ 
INCLUDE PROG (SCAN) 
ENTRY MAIN 

//GO.FT20F001 DD DSN-MEN.XlO.JOJ.HYDROGEN,DISP=SSHR 
//GO,FT05F001 DD * 

1 2 102 
1301 3 3 2 

/* 
// 

Figure A-2. (continued). 
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APPENDIX B 

FIDO INPUT 

The FIDO input method is especially devised to allow entering 

or modifying large data arrays with minimum effort. 

advantage is taken of patterns of repetition o r  symmetry wherever 

possible. The FIDO system was patterned after the input method used 

with the n O C 0  coding system at Los Alamos and was first applied by 

Atomics International to che DTF-I1 code. Since that time, numerous 

features requested by users have been added, a free-field option has 

been developed, and the application of  F I D O  has spread to 

innumerable codes. 

Special 

The data are entered in units called "arrays." An array 

comprises a group of contiguous ftorage locations which are to be 

filled with data at one time. 

one-to-one basis with FORTRAN arrays used in the program. 

o f  one or more arrays read with a single call to the FIDO package 

forms a "block," and a special delimiter is required to signify the 

end of each block. 

with respect to each other, but an array belonging to one block must 

not be shifted to another. The same array can be entered repeatedly 

within the same block. 

" 0 "  using a special option, and then a few scattered locations could 

be changed by reading in a new set of data for that array. 

entries to the arrays in a block are required but the condition 

requiring the block i s  met, the dslimiter alone satisfies the input 

Tkese arrays usually correspond on a 

A group 

Arrays within a block may be read in any order 

For example, an array could be filled with 

If no 

requirement 
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Three major types of input are available: fixed-field input, 

free-field input, and user-field input. 

Fixed-field Ixut _- - Each card is divided into six 12-column 

d a t a  fields, each of which is divided into three subfields. The 

following sketch illustrates a typical data field. The Lhree 

subfields always comprise two, one, and nine columns, respectively. 

To begin the Eirst array o f  a block, an _array originator field 

is placed in any field on a card: 

I S u b f i e l d  I S u b f i e l d  I S u b f i e l d  I 

Subfield 1: An integer array identifier < 100 specifying the 

data array to read. 

Subfield 2: An array-type-indicator - 

' l$" if the array is integer data 

"*I1 of the array is real data 

Subfield 3 :  Blank 

Data are then placed in successive fields until the required 

number of entries has been accounted for. 

In entering data, it is convenient to think of an "index" or 

"pointer" which is under control of  the user, and which specifies 

the position in the array into which the next data entry is to g o .  

The pointer is always positioned at array location #1 by entering 

the array originator field. The pointer subsequently moves 
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according t o  the  da t a  operator  chosen. Blank f i e l d s  a r e  a spec ia l  

case i n  t h a t  they do not  cause any da ta  modification and do not  move 

the  po in te r .  

A data  f i e l d  has t h e  following form: 

Subfield 1: The da ta  numerator, an in teger  < 1 0 0 .  We r e f e r  t o  

t h i s  en t ry  as N1 i n  the following d iscuss ion .  

Subfield 2 :  One of  t he  spec ia l  da ta  operators  l i s t e d  below. 

Subfield 3 :  A nine-character  da ta  e n t r y ,  t o  be read i n  F9.0 

format. I t  w i l l  be converted t o  an in teger  i f  the  

a r r ay  i s  a 'I$'? a r ray  o r  i f  a spec ia l  a r r ay  

operator  such as  "Q" i s  being used. Note t h a t  an 

exponent i s  permissible but  not requi red ,  I f  no 

decimal is suppl ied,  it is  assumed t o  be 

immediately t o  the  l e f t  o f  the  exponent, if any, 

otherwise t o  the  r i g h t  of  the  l a s t  column. This 

en t ry  is r e fe r r ed  t o  a s  N i n  the following 

discussion.  

3 

A l i s t  of  da t a  operators  and thei.r e f f e c t  on the  a r r ay  being input 

follows : 

"Blank" i nd ica t e s  a s ing le  en t ry  of da t a .  The da ta  en t ry  i n  

the t h i r d  sub f i e ld  i s  entered i n  the  loca t ion  ind ica ted  by the 

p o i n t e r ,  and the  poin te r  i s  advanced by 1. However, an e n t i r e l y  

blank f i e l d  i s  ignored. 

11+ or -I' i nd ica t e s  exponent ia t ion.  The da ta  en t ry  i n  the 

+.N1 
t h i r d  f i e l d  i s  entered and mul t ip l ied  by LO , where N1 i s  the data 
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numerator i n  the  f i r s t  sub f i e ld ,  given the  s i g n  ind ica ted  by the  

da t a  operator  i t s e l f .  The po in te r  is  advanced by 1. I n  cases where 

an exponent i s  needed, t h i s  opt ion allows the  en te r ing  of more 

s i g n i f i c a n t  f i gu res  than the  blank opt ion .  

rr&q'  has the same e f f e c t  as i p + t r  on IBM systems. 

otR'p i nd ica t e s  t h a t  the  da t a  e n t r y  i s  t o  be repeated N t imes.  1 

1' 
The po in te r  i s  advanced by N 

N1 1 

11 I I 1  i nd ica t e s  l i n e a r  i n t e rpo la t ion .  The da ta  numerator, 

i nd ica t e s  t he  number of  i n t e rpo la t ed  po in t s  t o  be suppl ied.  The 

da ta  en t ry  i n  the  t h i r d  sub f i e ld  is  en tered ,  followed by N 

i n t e rpo la t ed  e n t r i e s  equal ly  spaced between t h a t  value and the  da t a  

en t ry  found i n  the  t h i r d  sub f i e ld  o f  t he  next  non-blank f i e l d .  The 

po in te r  i s  advanced by N + 1. The f i e l d  following an "I" f i e l d  i s  

then processed normally,  according t o  i t s  own data opera tor .  The 

'qIf' en t ry  i s  e spec ia l ly  valuable  f o r  spec i fy ing  a s p a t i a l  mesh. I n  

r'$vl a r r a y s ,  i n t e rpo la t ed  values  wil.1 be rounded t o  the  nea res t  

i n t e g e r .  

1 

1 

I I  L'P i nd ica t e s  logari thmic in t e rpo la t ion .  The elIfect i s  the  

same as t h a t  of except t h a t  the  r e s u l t i n g  da ta  are evenly 

separated i n  log-space.  This is  e spec ia l ly  convenient f o r  specifying 

an energy mesh. 

"Q" i s  used 

sequence i s  given 

t o  repea t  sequences of numbers. The length  of the 

by the t h i r d  sub f i e ld ,  N3.  
3 

The sequence o f  N 

e n t r i e s  i s  t o  be repeated N t imes.  The po in te r  i s  advanced by N 'k 

N 3 .  If e i t h e r  N o r  N i s  0 ,  then a sequence of N + N3 i s  repented 

one t i m e  on ly ,  and the  po in te r  i s  advanced by N This f ea tu re  

i s  espec ia l ly  va luable  f o r  geoaetry s p e c i f i c a t i o n .  

1 1 

1 3 

-E N 3 .  
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I t  G It  has the  same e f f e c t  a s  "Q", except t h a t  the  s i g n  of the 

sequence i s  changed each time it i.s entered.  

The "N" option has the  same e f f e c t  a s  "Q", except t h a t  the 

order o f  the  sequence i s  reversed each t i m e  i t  is entered.  This i s  

valuable  f o r  the  type of symmetry possessed by quadrature 

c o e f f i c i e n t s .  

"M" has the  same e f f e c t  as N except t h a t  the  s ign  o f  each 

en t ry  i n  the  sequence i s  reversed each time the sequence i s  en tered .  

For example, the  e n t r i e s :  

1 2 3 2M2 

would be equivalent  t o :  

1 2  3 - 3  - 2  2 3 

This opt ion is a l so  use fu l  i n  en te r ing  quadrature c o e f f i c i e n t s .  

"ZIf causes N +- N loca t ions  t o  be s e t  t o  0 .  The po in te r  i s  
1 3  

advanced by N1 + N.,. 

causes the  pos i t i on  of  the l a s t  a r r ay  item entered t o  be If c I t  

pr in t ed .  This i s  the pos i t i on  of  :he p o i n t e r ,  less 1. The poin ter  

is not moved. 

"0" causes the  p r i n t  t r i g g e r  t o  be turned on. The t r i g g e r  i s  

o r i g i n a l l y  o f f .  When the t r i g g e r  i s  on, each card image i s  l i s t e d  

a s  it i s  read.  

trPtt causes the p r i n t  t r i g g e r  t o  be turned o f f .  

"S" i nd ica t e s  t h a t  the poin te r  i s  t o  sk ip  N pos i t i ons  leaving 
1 

those a r r ay  pos i t i ons  unchanged. I f  the t h i r d  sub f i e ld  i s  non- 

blank,  t h a t  da ta  en t ry  i s  entered following the  s k i p ,  and the  

pointer  i s  advanced by N1 + 1. 
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q*A*s moves the po in te r  t o  the  p o s i t i o n  N s p e c i f i e d  i n  the  3 '  

t h i r d  s u b f i e l d .  

"F" f i l l s  t he  remainder of t he  a r r ay  with the  datum entered  i n  

the  t h i r d  sub f i e ld .  

I! E I 1  sk ips  over the  remainder of t he  a r r ay .  The a r r ay  length  

c r i t e r i o n  i s  always s a t i s f i e d  by an "E",  no matter how many e n t r i e s  

have been s p e c i f i e d .  N o  more e n t r i e s  t o  an a r r a y  may be given 

Lollowing an * lEtr ,  except t h a t  da t a  en t ry  may be r e s t a r t e d  with an 

IIA" 

The reading of da t a  t o  an a r r a y  i s  terminated when a new a r ray  

o r i g i n  f i e l d  i s  suppl ied ,  o r  when the  block i s  terminated.  

i nco r rec t  number o f  pos i t i ons  has been f i l l e d ,  an e r r o r  e d i t  i s  

given,  and a f l a g  i s  se t  which w i l l  l a t e r  abor t  execut ion of the  

problem. F I D O  then continues with the  next a r ray  i f  an array o r i g i n  

was read .  Otherwise, it r e tu rns  con t ro l  t o  the  c a l l i n g  program. 

I f  an 

A block terminat ion cons i s t s  o f  a f i e l d  having "T" i n  t he  

second s u b f i e l d ,  A l l  e n t r i e s  following !'T" on a card  a r e  ignored, 

and con t ro l  i s  returned from F I D O  t o  the  c a l l i n g  program. 

Comment cards  can be en tered  wi th in  a block by p lac ing  a s l a s h  

( / )  i n  column 1. Then col-umns 2-80 w i l l  be l i s t e d ,  with column 2 

being used f o r  p r i n t e r  ca r r i age  c o n t r o l .  

on the  da t a  a r r ay  or po in te r .  

Such cards  have no e f f e c t  

F r e e - f i e l d  I n s  - With f r e e - f i e l d  inpu t ,  da t a  a r c  w r i t t e n  

without f ixed  r e s t r i c t i o n s  a s  t o  f i e l d  and s u b f i e l d  s i z e  and 

pos i t ion ing  on the  card .  The opt ions used with f i x e d - f i e l d  input 

a r e  a v a i l a b l e ,  al though some a r e  s l i g h t l y  r e s t r i c t e d  i n  f o r m .  In  
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genera l ,  fewer da t a  cards a r e  required f o r  a problem, the  

i n t e r p r e t i n g  p r i n t  is  e a s i e r  t o  read ,  a card  l i s t i n g  is  more 

i n t e l l i g i b l e ,  the  cards  a r e  e a s i e r  t o  keypunch, and c e r t a i n  common 

keypunch e r r o r s  a r e  to l e ra t ed  without a f f e c t i n g  the  problem. Data 

a r r ays  using f ixed -  and f r e e - f i e l d  input  can be intermingled a t  w i l l  

wi thin a given block. 

The concept of t h ree  sub f i e lds  per  f i e l d  i s  s t i l l  appl icable  t o  

f r e e - f i e l d  input ;  bu t  i f  no en t ry  f o r  a f i e l d  i s  requi red ,  no space 

f o r  it need be l e f t .  Only columns 1 - 7 2  may be used, as with f ixed-  

f i e l d  input .  

The a r r ay  o r ig ina to r  f i e l d  can begin i n  any pos i t i on .  The 

a r r ay  i d e n t i f i e r s  and type ind ica to r s  a r e  used a s  i n  f i x e d - f i e l d  

inpu t .  The type ind ica to r  i s  entered twice,  t o  designate  f r e e - f i e l d  

input  ( i . e . ,  "$$'I o r  'I**"). The blank t h i r d  sub f i e ld  required i n  

f i x e d - f i e l d  input  is not required.  For example: 31** i nd ica t e s  

t h a t  a r r a y  31, a r e a l - d a t a  a r r a y ,  wi.11 follow i n  f r e e - f i e l d  format,  

Data f i e l d s  may f o l . 1 0 ~  the  a r r ay  o r i g i n  f i e l d  immediately. The 

da ta  f i e l d  e n t r i e s  a r e  i d e n t i c a l  t o  the  f i x e d - f i e l d  e n t r i e s  with the 

following r e s t r i c t i o n s :  

(1) Any number of blanks may separa te  f i e l d s ,  b u t  a t  l e a s t  

one blank must f o l l o w  a t h i r d  sub f i e ld  en t ry  i f  one i s  

used. 

( 2 )  I f  both f i r s t  and second subf i e ld  e n t r i e s  a r e  used, no 

blanks may separa te  them, i . e . ,  2 4 S ,  b u t  not 24 S .  

... ... 



278  

Numbers w r i t t e n  w i t h  exponents must no t  have imbedded 

b lanks ,  i . e . ,  1.OE+4, 1.OE4, 1.0+4, OK even 1+4, b u t  not  

1 . 0  E 4 .  

I n  t h i r d - s u b f i e l d  da t a  e n t r i e s ,  only nine d i g i t s ,  

including the  decimal b u t  no t  including the  exponent 

f i e l d ,  can be used,  i . . e . ,  123456.89E07, b u t  no t  

123456.789307. 

The "2" en t ry  must be of  t he  form: 7382, no t  Z738 o r  

738 2. 

The "+ or  -I' da ta  opera tors  are not  needed and are not  

ava i l ab le .  

The "Q, N, and M" e n t r i e s  are r e s t r i c t e d :  344, lN4, o r  

M4, b u t  no t  44,  4N, o r  4M. G i s  s i m i l a r l y  r e s t r i c t e d .  

A f i e l d  must no t  span two cards  

A l l  i tems on a card  entered a f t e r  a slash i n  any column 

except the  f i r s t  a r e  ignored. 

Use r - f i e ld  -_..I_._ Input - I f  the  riser follows the a r r a y  i d e n t i f i e r  i n  the  

a r r ay  o r i g i n a t o r  f i e l d  with the  charac te r  "U" o r  "V" , t he  input  

format i s  t o  be s p e c i f i e d  by the use r .  If "UvP is  s p e c i f i e d ,  the  

FOKTRAN FORMAT t o  be used must be suppl ied i n  columns 1 - 7 2  o f  the  

next  ca rd .  The format must lie enclosed by the  usual  parentheses .  

Then the da t a  f o r  the  e n t i r e  a r r ay  must follow on successive cards .  

Thc r u l e s  of ordinary FORTKAN inputs  as t o  exponents, b lanks ,  e t c . ,  
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apply.  If the a r ray  da ta  do not  f i l l  the  l a s t  card, the  remainder 

must be l e f t  blank.  

"V" has the  same e f f e c t  a s  "U" except t h a t  the format read i n  

the  l a s t  preceding "U" a r ray  is  used. 
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