




.- 
INTRA-LABORATORY CORRESPONDENCE 

O A K  R I D G E  FIATIONAL L A B O R A T O R Y  

June 2, 1971 

To: Reciipients of Subject Report 

ORN L-4606 Classification: Unclassified - Report No. :-- ______- 

Absth~r(s):. W. A.  _ _ _  Coleman and T. W,  Armstrong 

Subject: - The Nucleon-Meson - __ -____- Transport - - ~ - _ _ _  Code NMTC 
____I_ 

. \  

Request c~rnpl  iance with indicated action: 
Please make the following change i n  your copy(ies) of the subject report. 

Item 24. on page 27 should be corrected to read: 
24. NABgV: The total number of intranuclear-cascade particles 

and evaporated neutrons and protons produced above 

the cutoff energies in  a n u c l e a r  interaction. 

N. T. Bray, Supervisor ’ 

Tech nica I I nforrnnk ion Division 
Labcara kary Re cords Department 

N Y B : w c B: wrn 

U C N - 4 3 0  
( 3  5-61) 



ORNL- 1606 

Contract No. W-7405-eng-26 

Neutron Physics Division 

THE NUCLEON-MESON TRANSPORT CODE NMTC 

W. A.  Coleman" and T .  W. Armstrong 

"Present address: Science Applications,  Inc . ,  P. 0. Box 2351, 
La J o l l a ,  Cal i forn ia ,  92037. 

- - ~  -~ ~ 

NOTE 
This Work P a r t i a l l y  Supported by 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Under Order No. H-38280A 

OCTOBER 1970 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 

operated by 
UNION CARBIDE CORPORATION 

f o r  t h e  
U.S. ATOMIC ENERGY COMMISSION 

3 Y 4 5 b  0 0 5 0 1 5 2  b 





ACKNOWLEDGMENTS 

The Nucleon-Meson Transport Code NMTC has evolved as t h e  r e s u l t  of 

t he  contr ibut ions made by many indiv idua ls .  

W. E.  Kinney, was used as a s t a r t i n g  poin t  for developing NMTC, and 

many of t h e  concepts and techniques used i n  NTC are r e t a ined  i n  NMTC. 

We deeply apprec ia te  t h e  cooperative a t t i t u d e  and advice of H. W. Ber t in i  

which allowed t h e  incorporat ion of h i s  intranuclear-cascade code i n t o  

NMTC and t h e  he lp  of Mrs. Arl ine Culkowski i n  making some of the  program- 

ming i n t r i c a c i e s  of t h e  intranuclear-cascade code understandable. We 

a l s o  thank Mrs. M i r i a m  Guthrie for  he lp fu l  discussions r e l a t e d  t o  her 

evaporation code which i s  used i n  NMTC. Discussions with D, C. Irving 

concerning h i s  genera l  geometry rout ines  and modifications required t o  

make t h e  O5R code appl icable  f o r  present  purposes are g r a t e f u l l y  acknowl- 

edged. 

The code NTC, w r i t t e n  by 

The NMTC code has been developed under t h e  guidance of R .  G. Alsmil ler ,  

Jr. H i s  counsel has been invaluable ,  and many of h i s  ideas  are contained 

i n  t he  code. 

Miss Barbara Bishop and Mrs. Kay Chandler a s s i s t e d  i n  running the 

sample problem. 

iii 





TABLE OF CONTENTS 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . .  
2 . METHOD OF CALCULATION . . . . . . . . . . . . . . . . . . .  

2.1 Charged-Particle Energy Loss . . . . . . . . . . . . .  
2.2 Nucleon-Nucleus and Pion-Nucleus Nonelastic 

Col l i s ions  . . . . . . . . . . . . . . . . . . . . .  
2.3 Nucleon-Nucleus and Pion-Nucleus E l a s t i c  Col l i s ions  . . 
2.4 Charged-Pion Decay i n  F l igh t  . . . . . . . . . . . . .  
2.5 Charged-Pion Decay and Capture a t  Rest . . . . . . . .  
2.6 Neutral-Pion Decay . . . . . . . . . . . . . . . . . .  
2.7 Muon Decay i n  F l igh t  and at Rest . . . . . . . . . . .  
2.8 NMT Cutoff Energies . . . . . . . . . . . . . . . . . .  
2.9 Pseudo Col l i s ions  i n  NMT . . . . . . . . . . . . . . .  

3 . INPUT DESCRIPTION AND CODE OPERATION . . . . . . . . . . . .  
3.1 hWT . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.2 0 5 ~  . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . NMTC SAMPLE: PROBLEM . . . . . . . . . . . . . . . . . . . .  
4.1 Sample Problem Description . . . . . . . . . . . . . .  
4.2 Intercode Information Transfer . . . . . . . . . . . .  
4.3 Lis t ings  of Input. Output. and Analysis Programs 

for  Sample Problem . . . . . . . . . . . . . . . . .  
REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Page No . 
1 

2 

5 

5 

5 

7 

8 

8 

9 

9 

9 

10 

12 

12 

33 

40 

40 

43 

46 

89 





l 

ABSTRACT 

The nucleon-meson t r anspor t  code NMTC computes t h e  t r anspor t  of 

nucleons below 3.5 GeV and muons and charged pions below 2.5 GeV. 

Carlo methods are employed t o  provide a d e t a i l e d  descr ip t ion  of the  t rans-  

por t  process.  High-energy nucleon-nucleus and pion-nucleus c o l l i s i o n s  a r e  

t r e a t e d  using the  intranuclear-cascade-evaporation model. Virtually arbi- 

t r a r y  geometries can be spec i f ied .  The code i s  wr i t t en  i n  FORTRAN I V  for 

t h e  IBM 360/75 and IEM 360/91 computers. 

Monte 

In  th i s  r e p o r t ,  t h e  method of ca l cu la t ion  used by the  code i s  d i s -  

cussed, and the  code input i s  described. Also,  input  and output for a 

sample problem a r e  given. 
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I. INTRODUCTION 

The nucleon-meson t r anspor t  code NMTC computes the t r anspor t  of nucleons 

below 3.5 GeV and muons and charged pions below 2.5 GeV. Monte Cas10 methods 

are  employed t o  provide a de ta i l ed  descr ip t ion  o f  t h e  t r anspor t  process .  

V i r tua l ly  a r b i t r a r y  geometries can be spec i f ied .  The code i s  wr i t t en  i n  

FORTRAN I V  f o r  t h e  IBM 360/75 and IBM 360/91 computers. ".1. 

NMTC cons is t s  of two bas ic  t r anspor t  codes: IVMT and a modified version 

of 05R.l NMT t r anspor t s  p a r t i c l e s  i n  t h e  energy range from t h e  source par- 

t i c l e  energy down t o  a, spec i f i ed  cu tof f  energy which, f o r  nucleons, i s  

usual ly  chosen between 1 5  and 50 MeV. 

cutoff  energy a r e  t ransported via t h e  Q5R code.'" 

Neutrons produced i n  NMT below t h e  

Charged p a r t i c l e s  a r e  

not t ranspor ted  below t h e  NXC cutoff  energy. 

The source-par t ic le  descr ip t ion  far NMl i s  spec i f ied  i n  a user-writ ten 

subroutine.  The source p a r t i c l e s  may be protons,  neutrons,  charged pions,  

or muons. Arbi t ra ry  energy, d i r e c t i m ,  and s p a t i a l  d i s t r i b u t i o n s  f o r  the  

sowee  p a r t i c l e s  may be used, provided t h a t  t h e  maximum energy does not 

exceed 3.5 GeV f o r  nucleons and 2.5 GeV f o r  muons and charged pions.  

w 
Two assembly language subroutines are used: 
absolute  memory address of X,  and FL&W(H), which r e tu rns  a. random 
number R uniformly d i s t r i b u t e d  from 0 t o  1. 

L @ C ( X ) ,  which r e tu rns  the  

'Available memory on these  mch ines  va r i e s  with the  l o c a l  i n s t a l l a t i o n .  
Since NMTC has an approximate m i n i m  s torage  requirement of 
575,000 bytes ,  it may exceed t h e  ava i lab le  memory on some 360175 
machines. 

Since NhlT provides a camplete descr ip t ion  of the  low-energy neutron 
source,  the  058 code m y  be replaced r a t h e r  e a s i l y  fo r  m o s t  problems 
by some other means of low-energy neutron t r anspor t .  

** 
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The output from NMT normally cons i s t s  of two r e e l s  of magnetic tape .  

One tape  contains  a complete desc r ip t ion  of each neutron produced below the  

NMT cutoff  energy, and t h i s  tape  i s  used as t h e  low-energy neutron source 

input  f o r  05R.  The other  t ape ,  known as t h e  nucleon-pion h i s to ry  tape,  eon- 

t a i n s  a s e r i e s  descr ip t ion  of each “event” (nuclear  i n t e r a c t i o n ,  geometry 

boundary c ross ing ,  pion decay, e t e . )  which occurred during the  t r anspor t  cal-  

cu la t ion .  

peated and var ious analyses of the  sitme t r anspor t  da ta .  

Creating such a h i s to ry  tape  has t h e  advantage of allowing re -  

Results of i n t e r e s t  

f o r  tz p a r t i c u l a r  problem are obtained by reading and processing t h e  t r anspor t  

data s tored on t h e  h i s t o r y  tape .  

NMTC code and must therefore  be wr i t t en  by t h e  user. 

Such ana lys i s  programs are  not a p a r t  of t h e  

The O’jR code a l s o  pro- 

duces a h i s t o r y  t ape ,  and r e s u l t s  of i n t e r e s t  f o r  t h e  low-energy neutron 

t r anspor t  are a l s o  obtained by a user-writ ten ana lys i s  code. 

I n  IJMT, muons a r e  t ranspor ted  i n  a separa te  ca l cu la t ion  from nucleon 

and pion t r anspor t .  The muon source descr ip t ion  may e i t h e r  be spec i f ied  

by the  user  or obtained from t h e  pion-decay d a t a  ava i l ab le  on a previously 

generated nucleon-pion h i s t o r y  tape .  

The manner i n  which NMTC treats var ious physical  processes i n  the  

* 
t r anspor t  ca l cu la t ion  i s  described b r i e f l y  i n  See. 2. The descr ip t ion  of 

nonelas t ic  c o l l i s i o n  products i n  NMT i s  obtained using t h e  intranuclear-  

cascade-evaporation model of nuclear i n t e r a c t i o n s .  A t  each nuclear i n t e r -  

ac t ion ,  an intranuclear-cascade and evaporation ca l cu la t ion  i s  performed t o  

obtain t h e  energy and d i r ec t ion  of t h e  emitted nucleons and pions.  

sequent ly ,  a unique f e a t u r e  of t h e  code i s  tha t  d i f f e r e n t i a l  cross  sec t ions  

Con- 

*The method of ca l cu la t ion  used i n  an earlier version of NMTC has previously 
been published. 
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f o r  nucleon and pion production from nucleon-nucleus and pion-nucleus nan- 

e l a s t i c  c o l l i s i o n s  a r e  not requi red  as iriput s ince  they are, i n  e f f e c t ,  

computed i n  the  course af the transport;  ca l cu la t ion .  

I n  Sec. 3, t h e  input; preparat ion for bJMTC i s  discussed, and several 

auxiliary programs for  use with l"C m e  described. 

In  Sec. 4, a sample problem i s  given t o  i l l u s t r a t e  t h e  input  required 

and t h e  output produced by NMTC. 

wr i t t en  f o r  t h e  sample problem are also  given. 

Input and output fo r  ana lys i s  rou t ines  
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2 .  METHOD OF CALCULATION 

2.1 Charged-Particle Energy Loss 

The energy loss of protons, charged pions, and muons by the excitation 

and ionization of atomic electrons is treated using the continuous slowing- 

down approximation. Thus, range straggling and angular deflections re- 

sulting from the stochastic nature of the multiple-scattering process are 

not taken into account. 

correction is used.3 

An approximate expression f o r  the density-effect 

The code computes proton range-energy tables fo r  each material in the 

system. 

use of scaling  relation^.^ 

These same tables are used for muons and charged pions by making 

2.2 Nucleon-Nucleus and Pion-Nucleus Nonelastic Collisions 

The intranuclear-cascade-evaporation model of nuclear interactions is 

employed to obtain the energy and direction of nucleons and pions produced 

in nucleon-nucleus and pion-nucleus collisions at energies above the NMT 

cutoff. At each nonelastic collision, an intranuclear-cascade calculation 

is performed using a subprogram version of Bertini’s medium-energy intra- 

nuclear-cascade code. 5* The intranuclear-cascade model used assumes that 

a nonelastic interaction with a nucleus may be described in terms of par- 

ticle-particle collisions occurring within the nucleus and that the kine- 

matics of these collisions axe not influenced by the remaining nucleon 

population. Spatial variations of the energy distribution, number density, 

and potential of the nucleons inside the nucleus are taken into account. 

*The particular version of the intranuclear-cascade code used in NMT is 
that designated as MECC-2 by Bertini. The only difference between the 
MECC-2 version used here and the MECC-3 version described by Bertini 
in Ref. 5 is in the options available for cutoff energies used in the 
intranuclear-cascade calculation. 



Ik-perimental. da t a  f o r  f r e e  p a r t i c l e - p m t i c l e  c r m ~  sec t ions  a re  used i n  

t racking  p a r t i c l e s  within the  nucleus. 

a r e  comprised o f  an exci ted residual nucleus and emitted protons,  neutrons,  

and IT -, IT -, and 1~ -mesons. 

The intranuclear-cascade products 

+ I 0 

Pion production i n  the  intranuclear-cascade ca l cu la t ion  is  based on 

the i sobar  model of Sternheimer and Lindenbauu.6 Only single-  and double- 

pion production i n  nucleon-nucleon c o l l i s i o n s  and single-pion production i n  

pion-nucleon c o l l i s i o n s  are accounted f o r .  Since the  p r a c t i c a l  thresholds  

for  ternary-pion production by nucleons and double-pion production by pions 

are about 3.5 GeV and 2.5 GeV, respec t ive ly ,  the pian-production model 

present ly  used l i m i t s  the  maximum nucleon and pion energies  that  may be 

considered i n  NMT. 

At present ,  very l i t t l e  data are ava i l ab le  on the isobar  angular dis- 

In  NMT, an opt ian i s  provided whereby the s c a t t e r i n g  angle of t r i b u t i o n s .  

a l l  i sobars  i n  t h e  center-of-mass system i s  se l ec t ed  from one of t h r e e  dis- 

t r i b u t i o n s  : i s o t r o p i c ,  d i r e c t l y  forward and backward (with equal probabil-  

i t y ) ,  and 50% i s o t r o p i c  and 50% forward-backward. 

of B e r t i n i S S  t h e  last option is  currently recoxunended. 

Based on the recent  work 

%ne evaporation por t ion  o f  t h e  intranuclear-cascade-evaporation calxu- 

l a t i o n  i s  ca r r i ed  out using a subprogram version of Guthrie 's  evaporation 

coden7* 

protons,  deuterons,  t r i t o n s ,  3He's, and alpha p a r t i c l e s ,  as w e l l  as t h e  

exc i t a t ion  and k i n e t i c  energy of the r e c o i l i n g  residual. nucleus. 

This code provides t h e  energy and d i r ec t ion  of evaporated neutrons,  

*The p a r t i c u l a r  vers ion o f  t h e  evaporation code used i n  NMT i s  designtitea 
EVAP-4 by Guthric. 
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Nucleon and pion nonelas t ic  c o l l i s i o n s  with hydrogen nuclei  a r e  t r e a t e d  

i n  NMT using the  same i sobar  model as used i n  the  intranuclear-cascade cal- 

cu la t ions .  

Below the NWC cutof f  energ ies ,  proton-nucleus and pion-nucleus c o l l i -  

s ions  (except for  T- capture  a t  r e s t )  are neglected.  P a r t i c l e  production 

from neutron-nucleus nonelas t ic  c o l l i s i o n s  i n  OSR i s  obtained using the  

same evaporation code as used i n  NMT i n  conjunction w i t h  experimental cross- 

s ec t ion  data on the OSR/NMTC master cross-section tape .  

2.3 Nucleon-Nucleus and Pion-Nucleus E l a s t i c  Col l i s ions  

% 

The e l a s t i c  c o l l i s i o n s  of protons and pions w i t h  a11 nucle i  other  t h a n  

hydrogen are neglected. The inc lus ion  of e l a s t i c  c o l l i s i o n s  by neutrons 

w i t h  nuc le i  other  than  hydrogen is  an input  option i n  NMT s ince ,  i n  some 

ins tances ,  these c o l l i s i o n s  can be neglected without introducing appreciable  

e r r o r .  If these e l a s t i c  c o l l i s i o n s  a r e  included, then NM" requi res  as input 

t h e  appropriate  e l a s t i c - sca t t e r ing  c ross  sec t ions .  *4 

The d i f f e r e n t i a l  cross  sec t ions  f o r  the e l a s t i c  c o l l i s i o n s  of nucleons 

and pions with hydrogen nuc le i  i n  NMT a r e  taken from experimental data and 

a r e  t h e  same as those  used i n  t h e  intranuclear-cascade ca l cu la t ions .5  

The e l a s t i c  c o l l i s i o n s  of neutrons i n  O5R are t r e a t e d  using cross  sec- 

t i o n s  given on the O5R/rJrvrrC master tape .  

*The da ta  contained on t h e  OSR/NMTC master cross-sect ion tape  axe given 
i n  Sec. 3.2.5. 

**A method of obtaining the e l a s t i c - sca t t e r ing  cross sec t ions  needed by 
NMT f o r  those elements contained on t h e  0 5 R / J l " C  master cross-sect ion 
tape  i s  discussed i n  Sec. 3.1.3. 



2.4 Charged-Pion DeceJr i n  FliKht 

Charged pions axe unstable  arid may decay i n t o  muons and neutr inos.  

Charged-pion decay i n  f l i g h t  i s  taken i n t o  account using the known pian 

l i f e t ime .  The energy and angular d l s t r i b u t i o n  of t h e  muon i s  obtained by 

assuming t h a t  t h e  pion decay is  i so t rop ic  i n  t h e  r e s t  frame of t h e  pion and 

by using t h e  Larentz t ransformation t o  transform the  d i s t r i b u t i o n  from t h e  

pion rest frame i n t o  t h e  laboratory system. 

considered. 

2.5 Charged-Pion Decay and Capture a t  Rest 

The neut r ino  produced i s  not 

Pos i t i ve ly  charged pions which come t o  r e s t  ( i . e . ,  reach the  cutoff  

energy) are assumed t o  d e c w  immediately i n t o  a p o s i t i v e l y  charged muon and 

a neutr ino,  and t h e  energy and angular d i s t r i b u t i o n  of t he  muan i s  obtained 

i n  t h e  same manner as discussed above f o r  pion decay i n  f l i g h t .  Negatively 

charged pions which come t o  rest may % i t h e r  decay or  be captured by a nuc- 

leus ,  depending on the  ma te r i a l  atom dens i ty .  Accordingly, an option i s  

provided i n  NMT as t o  t h e  treatment o f  a l l   mesons reaching the  cu tof f  

energy. If decay i s  spec i f i ed ,  a l l  ?T--mesons reaching t h e  cutoff  energy 

a r e  assumed t o  decay immediately into negat ively charged muons and neutr inos.  

If capture  i s  se l ec t ed ,  a l l   mesons reaching t h e  cu tof f  energy axe forced 

t o  undel-go n u c l e w  capture ,  and the  energy and angular d i s t r i b u t i o n  of the  

p a r t i c l e s  produced as EL r e s u l t  of t h i s  capture  is  obtained using the  i n t r a -  

nucI.ear-cascade-evElh,oration model. It has previously been shown t h a t  t h i s  

model descr ibes  t h e  n--captwe process q u i t e  wel l .  
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2.6 Neutral-Pion DecaJr 

The n e u t r a l  pion i s  v e r y  unstable  and f o r  p r a c t i c a l  purposes may be 

assumed t o  decay i n t o  two photons a t  i t s  poin t  of o r ig in .  

does not t r anspor t  n e u t r a l  pions,  although t h e  energy, d i r e c t i o n ,  and s p a t i a l  

po in t  of t h e  n e u t r a l  pions produced a r e  wr i t t en  on t h e  nucleon-pion h i s to ry  

Accordingly, NFlT 

tape.  

2.7 Muon Decay i n  F l igh t  and a t  Rest 

Muons are uns tab le  and w i l l  decay i n t o  e l ec t rons  or pos i t rons ,  depend- 

ing on t h e  charge of t h e  muons, and i n t o  neutr inos.  Muon decay i n  f l i g h t  

i s  taken i n t o  account using t h e  known muon l i f e t i m e ,  and muons which come 

t o  rest are assumed t o  decay immediately. No information for t he  e lec t rons ,  

pos i t rons ,  o r  neutr inos from muon decay i s  ca lcu la ted .  

2.8 NMT Cutoff Energies 

The cu tof f  energies  f o r  proton and neutron t r anspor t  i n  NMT are input 

var iab les .  The cu tof f  e n e r q  f o r  charged pions i s  ca lcu la ted  i n  NMT and 

i s  equal t o  the  proton cu tof f  mul t ip l ied  by the  r a t i o  of the charged-pion 

r e s t  m a s s  t o  t h e  proton rest mass. 

i s  ca lcu la ted  i n t e r n a l l y  from t h e  proton cu tof f  and i s  equal t o  the  proton 

L i k e w i s e ,  t h e  cutoff  energy f o r  muons 

cu tof f  times t h e  r a t i o  of t h e  muon r e s t  mass t o  t h e  proton rest mass. This 

f ixed  r e l a t ionsh ip  f o r  t he  charged-particle cu tof f  energies  i s  a consequence 

of using t h e  same range-ener@;y tables f o r  a l l  chaxged p a r t i c l e s .  

Input values  f o r  t h e  neutron and proton cutoff  energies  are usua l ly  

taken t o  be i n  t h e  15- t o  50-MeV region s ince  below t h i s  energy region t h e  

r e s i d u a l  range of charged p a r t i c l e s  i s  very s h o r t ,  and, i n  genera l ,  t h e  

intranuclear-cascade-evaporation model becomes inappl icable .  The NMT cut- 

off energy for neutrons corresponds t o  t h e  energy a t  which a t r a n s i t i o n  i s  

made from t h e  treatment of nonelas t ic  c o l l i s i o n s  by the  intranuclear-cascade 



evaporation model t o  t h e  treatment sf nonelas t ic  c o l l i s i o n s  by t h e  evapora- 

t i o n  model.. 

w e l l  defined, 

The most appropriate  value for  t h i s  t r a n s i t i o n  energy i s  not 

However, t'le work of Alsmil ler  and Hermanng ind ica t e  t h a t ,  

f o r  t h e  cases they  considered, a t  % 15 MeV t h e  intranuclear-cascade-evap- 

ora t ion  model is t o  be prefer red  over the evaporation model, 

2.9 Pseudo Col l i s ions  i n  NElT 

NMT provides an option as t o  whether or nat  records descr ibing "pseudo" 

c o l l i s i o n s  which occur during t h e  t r anspor t  ca l cu la t ion  a r e  t o  be wr i t t en  

on the  h i s to ry  tape.  These pseudo c o l l i s i o n s  a r i s e  as 8 consequence of t he  

sampling schemes used t o  determine i n t e r c o l l i s i a n  d is tances  and the  par t icu-  

lar type of c o l l i s i o n  once a c o l l i s i o n  has occured." TO give a very simpli- 

f i e d  descr ip t ion  of these  sampling schemes, l e t  C ( E )  be the  a c t u a l  macro- 

scopic cross  sec t ion  for a p a r t i c u l a r  type of c o l l i s i o n  by a p a r t i c l e  with 

energy E and l e t  C be a maximum cross  sec t ion  f o r  t h i s  type of c o l l i s i o n  

such t h a t  EM The pseudo c ra s s  sec t ion  f o r  this type of 

c o l l i s i o n  i s  then def ined by Cp(E) = EM - G(E) .  Tentat ive c o l l i s i o n s  a r e  

se lec ted  using Em and then a r e j e c t i o n  technique i s  used t o  determine if 

t h i s  t e n t a t i v e  c o l l i s i o n  i s  a r e a l  or pseudo c o l l i s i o n .  Thus, a t e n t a t i v e  

c o l l i s i o n  w i l l  be r e a l  with probabil . i ty C (E)/CM and pseudo with p robab i l i t y  

Cp(E)/CM. 

t h e  p a r t i c l e  a r e  unal tered.  The types of c o l l i s i o n s  r e fe r r ed  to here in- 

M 
C ( E )  fo r  a l l  E. 

I n  t h e  case of pseudo c o l l i s i o n s ,  t h e  d i r ec t ion  and energy of 

clude not only nuclear c o l l i s i o n s  but a l s o  decay ' ' co l l i s ions"  by muoras and 

charged pions.  

%An exposi t ion of t h e  bas ic  sampling procedures used i n  NTvrr has been given 
by Coleman. l o  
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To improve estimates of t h e  muon source t h a t  r e s u l t s  from pion decay, 

Np/IT does not allow pion decay (or muon decay) t o  occur expl ic i t ly - .  

t he  s t a t i s t i c a l  weight of t h e  pion (or muon) i s  mul t ip l i ed  by the  nondecay 

p robab i l i t y  a t  each c o l l i s i o n .  Thus, a cont r ibu t ion  t o  the  muon source is 

made a t  both real  and pseudo c o l l i s i o n s .  

ca l cu la t ion  pseudo-collision records must be w r i t t e n  i f  muon-source data 

a re  t o  be read  from t h e  nucleon-pion h i s t o r y  tape .  

Pseudo c o l l i s i o n s  by nucleons a re  usua l ly  not needed f o r  ana lys i s  pur- 

An example of an exception i s  t h e  case where p a r t i c l e  fluxes are t o  

Ins tead ,  

It follows t h a t  i n  a nucleon-pion 

poses. 

be ca l cu la t ed  from c o l l i s i o n  d e n s i t i e s .  

If pseudo c o l l i s i o n s  are not needed f o r  subsequent ana lys i s  or muon 

t r a n s p o r t ,  then it i s  bet ter  tha t  they not be w r i t t e n  s ince  pseudo-collision 

information can occupy an appreciable  por t ion  of t h e  h i s to ry  tape .  
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3. INPUT DESCRIPTION AND CODE OPERATION 

NMT 
I 

3.1 

3.1.1 NMT Input Descr ipt ion 

The order  of t h e  input  f o r  NMT i s  as follows: 

1. The primary NMT input  data (descr ibed i n  Sec. 3.1.1.1). 

2. E l a s t i c  s c a t t e r i n g  input  data, i f  any (descr ibed i n  See. 3.1.1.2). 

3. The geometry input  da t a  (descr ibed i n  Sec. 3.1.1.3). 

4. Any input  required by subroutine S@RS (descr ibed i n  Sec. 3.1.2). 

3.1.1.1 Primary NMT Input 

A desc r ip t ion  of t he  cards composing the  primary I”T input  da ta  i s  

l i s t e d  below: 

Cards A and B: F@R-rUlAT (20A4) 

80 columns each of Ho l l e r i t h  i d e n t i f i c a t i o n  f o r  t he  p r in t ed  output .  

Card C: F@WT (324) 

RRND@M: Hexadecimal representa t ion  of initial random number 

to be used i n  t h e  generat ion o f  random numbers. 

Should be p o s i t i v e  and end i n  1, 3, o r  5 .  

b d e f  
Card D: F@RMAT (E18.4, El0.4, E15.4, 110, 110, 110, 190) 

a. M: The maximum energy of p a r t i c l e s  being t ranspor ted  

i n  MeV. EMAX should be less than 3500 Tor source 

nucleons and l e s s  than 2500 for source pions.  

For s o w c e  muons EMAX i s  a r b i t r a r y ,  However, i f  

source muon data a r e  t o  be  obtained from a previously 

produced nucleon-pion h i s t o r y  t a p e ,  then by con- 

serva t ion  o f  energy l3lA.X should not be less than 

E + m  - m  = E  i- 33, where E i s  the  
T ,max IT lJ IT ,max ,max 



13 

value of N X  which was input  f o r  t h e  nucleon-pion 

ca l cu la t ion ,  mTT i s  t h e  charged-pion rest m a s s ,  and m 

is the muon r e s t  mass. 

P 

b. ELgP: The cu tof f  energy i n  MeV for t r anspor t ing  protons.  

The code computes t h e  cu tof f  energy for pions as 

(pion rest mass/proton r e s t  m a s s )  x ELOP = 0.1488 x ELPIP, 

and for muons as 

(muon r e s t  mass/proton r e s t  m a s s )  x ELQIP = 0.1129 x ELPIP. 

c .  ELgN: The cutof f  energy i n  MeV f o r  t r anspor t ing  neutrons.  Normally 

EL@N w i l l  be chosen equal  t o  ELPIP. 

i s  i r r e l e v a n t .  

For muon t r a n s p o r t  EL@N 

d ,  MXMAT: The number of d i f f e r e n t  media, exclusive of voids ,  appearing 

i n  t h e  system. 0 < MXMAT 5 16, 

e .  MAXCAS: The number of source p a r t i c l e s  t o  be s t a r t e d  i n  each batch.  

f .  MAXBCH: The number of batches t o  be run with t h e  present  s e t  of input  

da ta .  The t o t a l  number of source p a r t i c l e s  i n i t i a t e d  with the  

present  input  w i l l  be MAXCAS*MAXBCH. For muon t r anspor t  using 

a previously produced nucleon-pion h i s t o r y  t ape ,  both MAXCAS 

and MAXBCH are ca lcu la t ed  i n  subrout ine MFPD; hence input  values 

f o r  t hese  q u a n t i t i e s  a r e  not used although they  are w r i t t e n  on 

t h e  muon c o l l i s i o n  t ape .  

NlCQIL: If NlCOL > 0, each cascade h i s t o r y  w i l l  be computed only through 

the second generat ion,  t h a t  i s ,  only through t h e  immediate de- 

scendants of source p a r t i c l e s .  If N 1 C @ L  5 0,  a l l  generat ions 

w i l l  be computed. 

NlCgL i s  i r r e l e v a n t  for muon t r anspor t .  

g .  

Normally N l C g L  i s  input  as 0 or l e f t  blank. 
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a b  d f 
Card  E: F $ W T  (110, 110, 6 . 0 ,  110, I%, 110) 

a. NQlJIT: The number of runs with the present  s e t  of input  data. 

Normally NQUIT w i l l  be input  as 1. A t  -the end of 

each run, s igna led  by NC@L = -4 (see 3 .1 .4 ) ,  subrout ine 

USER(NC@L) is ca l l ed .  The standard vers ion  of t h i s  

rou t ine  is  a dummy. The user  nay provide his; o m  

vers ion  of USER t o  output spec i f i ed  va r i ab le s  or t o  

change c e r t a i n  input  q u a n t i t i e s  before  the  code cal- 

c u l a t e s  t he  next run, i f  any. I n  both cases ,  it w i l l  

usua l ly  be necessary t o  include a l abe led  common 

c a l l e d  CgMgN ( see  page 58). 

end of each batch. 

USER i s  a l s o  c a l l e d  a t  the  

b. NEUTP: I f  nucleons and pions are t o  be t ranspor ted ,  NEVW i s  

t h e  l o g i c a l  number f o r  t h e  taFe on which descr ip t ions  

of neutrons appeasing below EL@N a r e  wr i t t en .  lf t he  

t r anspor t  i s  for muons and source muons a r e  t o  be ob- 

t a ined  from a previously produced nucleon-pion hisbory 

t ape ,  then  NEUTP i s  t h e  l o g i c a l  number of t h e  nucleon- 

pion h i s t o r y  tape.  

NBERTP: The logical.  number af the  tape  containing the  data 

needed i n  the  intranuclear-cascade and evaporation 

ca lcu la t ions .  If a ca l cu la t ion  i s  t o  be made for  

muons, NBERTP should be input  as 0.  

c .  
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d. NPG3WR2: NGR@UP = 2 NGR@UP i s  the  number of e n e r m  

groups used i n  computing the  range and e n e r a  t a b l e s .  

NP@WFi2 2 11. 

input .  

Normally a value of 10 o r  11 should be 

- 
e .  NPIDK: If flPIDK i s  p o s i t i v e ,  1~ mesons reaching the  71 energy 

cu to f f  (= .1488 ELgP) w i l l  be assumed t o  decay at, t h e  

s p a t i a l  po in t  where the cutof f  has been reached. For 

NPIDK L 0, 1~ mesons reaching t h e i r  energy cu tof f  w i l l  

be forced t o  i n t e r a c t  v i a  t h e  intranuclear-cascade 

subroutine.  NPIDK i s  i r r e l e v a n t  for muon t r anspor t .  

- 

f. NHSTP: The l o g i c a l  t ape  number of t he  nucleon-pion o r  muon 

h i s to ry  t ape .  If ITHSTP i s  input  as 0 ,  it i s  assumed 

t h a t  the user  w i l l  not  w r i t e  a h i s t o r y  tape but  w i l l  

provide h i s  own vers ion  of subroutine ANALYZ which 

normally wr i t e s  t h e  h i s t o r y  t ape .  

a b C d 
Card F: F@RMAT (E10.4, ElO.lt, 110, 20X, 110) 

A l l  of t h e  q u a n t i t i e s  on t h i s  card except NSEUD@ are irre3.evant 

f o r  muon transport. 

a. ANDIT: A s i g n a l  t o  ind ica t e  the assumed angular d i s t r i b u t i o n  

of i sobar  states produced i n  nonelas t ic  collisions 

with nucleons. 

0.:  

1.: a l l  i s o t r o p i c ,  

2. : a l l  forward-backward. 

Presently a value of 0. i s  recommended. 

d i s t r i b u t i o n  50% i s o t r o p i c ,  50% forward-5ackward, 

I 
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b. CT$FE: A s i g n a l  t o  i n d i c a t e  t h e  cutoff  energy t o  be used i n  

t h e  intranuclear-cascade ca l cu la t ions .  Normally CTOFE 

should be input  as 0. 

c .  NEXITE: EX, the  exci-tation of t he  r e s i d u a l  nucleus immediately 

following an in t r anuc lea r  cascade i s  determined by an 

energy balance invol7riiig t h e  inc iden t -pa r t i c l e  k i n e t i c  

energy, t h e  escaping p a r t i c l e  k i n e t i c  energies ,  and 

t h e  average binding energy o f  t h e  most loosely bound 

nucleon i n  t h e  nucleus ( taken  as a constant = 7 M e V ) .  

EREC, t h e  k i n e t i c  energy of t h e  r e c o i l i n g  nucleus p r i o r  

t o  evaporation, i s  computed from a aiomen-tm balance in- 

volving the  inc iden t  and escaping-particle momenta. 

IT NEXITE 

EX = EX - EREC, and t h i s  new value of EX i s  used as 

input  t o  the evaporation ca l cu la t ion .  

EREC is not subtracted from t h e  value of EX tha t  i s  

computed i n i t i a l l y .  I n  t h i s  case ,  t he  values determined 

f o r  EX will be conservatively high s ince  the  k i n e t i c  

energy of t h e  riucleix i s  not taken i n t o  account. 

ve r se ly ,  set t i .ng NEXITE > 0 w i l l  occasionally r e s u l t  

i n  a negative value f o r  EX s ince  the  scheme f o r  calcu- 

l a t i n g  EX, and then EEEC, does not y i e l d  a precise  con- 

se rva t ion  of energy and momenturn. 

of EX o c c w s ,  the evaporation ca l cu la t ion  lis bypassed. 

0 ,  t he  code executes t h e  F @ H T M  stat,ernent 

If NEXITE 5 0, 

Con- 

TWlien a negative value 



d. EJSEUDfi: If EJSEXJDg > 0, a11 pseudo c o l l i s i o n  records i n  a l l  

media, including i n t e r n a l  voids ,  w i l l  be included 

on t h e  h i s t o r y  tape.  

records w i l l  be  excluded. A cont r ibu t ion  t o  the  muon 

source i s  made a t  = p i o n  c o l l i s i o n s .  

t h a t  i n  a nucleon-pion ca l cu la t ion  pseudo c o l l i s i o n  

records should be w r i t t e n  (NSEUDg > 0 )  i f  muon source 

data are t o  be read from t h e  nucleon-pion h i s to ry  tape .  

For NSEUDO 5 0 ,  a l l  of these  

It follows 

b C d 
Card G: F@RMAT (ElE.3, 110, 110, 110)  

a. EMS: The energy ( M e V )  above which e l a s t i c  s c a t t e r i n g  of 

neutrons with nuclei  o ther  than hydrogen i s  ignored 

( 5  100 M e V ) .  

b. NflELAS: The t o t a l  number (i.e., f o r  all media) of d i f f e r e n t  

nucl ide types f o r  which e l a s t i c  s c a t t e r i n g  i s  t o  be 

considered (excluding hydrogen). 

NELSTP: The l o g i c a l  number of t h e  BCD tape  containing t h e  

e l a s t i c  s c a t t e r i n g  data for  N@ELAS nucl ides .  If 

NELSTP i s  t h e  log ica l  number of t h e  s tandard inpu t ,  

t h e  code expects a11 of t h e  e l a s t i c  s c a t t e r i n g  d a t a  

t o  be input  on cards  after the  primary IWT input  

da t a  and before  t h e  geometry input  da ta .  

c .  

d. NLEDIT: An e l a s t i c - s c a t t e r i n g  data e d i t  s igna l :  

= 0: no e d i t ,  

$1 0: p r i n t  an e d i t  of  all the  e l a s t i c - s c a t t e r i n g  

da ta  on the  s tandard output u n i t .  
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are input f o r  each The following cards, €I, and I M,Y * - 3  %,NEIJM) 

medium : 
a b c  

Card %: F@RMAT (ElO.4, 110, 110) 

a. DENH(M):  The density (atoms/cm3) of wiirogen in medium M 

multiplied by 

b. NEL(M): The number of nuclide types other than hydrogen 

in medium M. 1 I N E L ( M )  L 10. 

c. NQ(EL(M): The number of nuclide types (other than hydrogen) 

for which elastic scattering is to be considered 

in medium M. 0 5 N @ E L ( M )  5 NEL(M). 

a b C d 
Card(s> IM,N: 

a. 

F@RMAT (ElO.I+, E30.4,  E10.4, 110) 

Z Z ( N , M ) :  The charge riumber of the N t h  nuclide in the M t h  

medium. 

The mass number of the Nth nuclide in the Mth 

medium; A ( N , M )  > 1. 

b. A ( N , M ) :  

c. D E N ( N , M ) :  The atom density (atams/cin3) of the Nt;h nuclide 

other than hydrogen in the M t h  mediuni multiplied 

by 

a. I D ( N , M )  : Identifier f o r  the ~ t h  elastic-scattering nuclide 

in the M t h  medium. 0 5 I D ( N , M )  5 N @ E I A S .  ID 

specifies the position of the elastic-scattering 

data cards for nuclide ( N , M )  (cards J thraugh (8, 

described in Sec. 3.1.1.2) in the elastic-scat- 

tering input data. 
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The order  of the  I c u d s  f o r  a given medium must be such t h a t  a l l  
M,N 

nucl ide types t h a t  are e l a s t i c  s c a t t e r e r s  are l i s t e d  f i r s t ;  i . e . ,  t he  f i rs t  

N@EL(M) nucl ide types should be e l a s t i c  s c a t t e r e r s  with I D ( N , M )  z 0. If 

e l a s t i c  s c a t t e r i n g  is  not des i red  f o r  a p a r t i c u l a r  nucl ide,  then I D ( N , M )  f o r  

t h i s  nucl ide should be 0. 

then ELAS, NOELAS, NELSTP, NLFDIT, N @ E Z ( M ) ,  and ID(N,M) should a11 be zero ,  

If e l a s t i c  s c a t t e r i n g  i s  not used for any nucl ide ,  

The media numbers se l ec t ed  must start a t  1 and run consecutively through 

r n T .  

* 
3.1.1.2 Elas t ic -Sca t te r ing  Input 

If s o  s p e c i f i e d  on cards G ,  %, and I above, MYIT w i l l .  t r e a t  t he  M ,I? 

e l a s t i c  s c a t t e r i n g  of neutrons with nuc le i  o ther  than hydrogen i n  the e n e r u  

range from ELgN t o  ELAS. The neutron d i r e c t i o n  after s c a t t e r i n g  i s  chosen 

from t h e  l i n e a r l y  an iso t ropic  d i s t r i b u t i o n  P ( u )  = (1 + 3f u ) / 2 $  where p i s  

the  cosine of the  s c a t t e r i n g  angle.  The e l a s t i c - s c a t t e r i n g  cross  sec t ions  

1 

and f 

as input  by NMT. 

values  a t  var ious energy po in t s  from EL@N through ELAS are required 
1 

The input  format f o r  t he  e l a s t i c - sca t t e r ing  data i s  given below. It 

will be assumed t h a t  NELSTP on Card G i s  spec i f i ed  as the l o g i c a l  number 

of t h e  s tandard input  so t h a t  card input  i s  used for t h e  e l a s t i c - s c a t t e r i n g  

data. 

*A method of obtaining e l a s t i c - s c a t t e r i n g  data from t h e  Q5R/NMTC master 
cross-sect ion tape  i n  t h e  format requi red  f o r  IQ4T i s  given I n  See. 3.1.3. 
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a b c d  e f 
Card J: F@WT (IS, 15, 15, 15,  P10.5, 5A6) 

a. IDT(1): Element i d e n t i f i e r  [ConventionalPj, equal t o  ( the  

charge number) x 1000 f (mss number), with mass 

number equal t o  zero for  elements having na tu ra l  

i so top ic  composition]. 

b. IDT(2): Cross sec t ion  i d e n t i f i e r  (conventionally,  2 f o r  

e l a s t i c - sca t t e r ing  C ~ Q S S  sec t ions ,  71 for fl va lues ) .  

C. ID"( 3) : M a y  be l e f t  blank. 

d. I D T ( 4 ) :  Number of following cards K vhich contain e l a s t i c -  

s ca t t e r ing  cross sec t ions .  

e .  FMAS: Atomic mass of element. 

f .  Thirty characters  of Hol le r i th  input .  

The on* number on Card J which i s  used i n t e r n a l l y  by NMl' i s  I D T ( 4 ) ;  

a l l  o ther  input  i s  for i d e n t i f j c a t i o n  purposes only. 
a b 

Cards K: F @ & i T  (F15.5, E15.5) 

E t .  ES: Energy, in eV, for the e la s t i c - sca t t e r ing  cross 

sect ion.  

b. SIGE: E las t ic -sca t te r ing  C ~ Q S S  s ec t ion ,  i n  barns, a t  

energy ES. 

Card L: Blank card.  

Card M: This  card has the  same format as Card J and should contain 

t h e  same information except that  I D T ( 4 )  now refers t o  t h e  

number o f  Cards N containi.ng f l  values. 
a b 

Cards N E  FgRMAT ( E l 5 . 5 ,  EI5.53 

Energy, i n  e V ,  f o r  t h e  f values .  
1 

a. EF: 

b. F1: fl value at energy EF. 

Card 0: Blank card.  
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The s e r i e s  of K and N cards must be arranged i n  order of decreasing 

energy, and t h e  h ighes t  energy value must be L ELAS and t h e  lowest value 

must be 5 ELQ)N. There must be NgELAS s e t s  of cards  J through 0, and t h e  

order  of t hese  sets must be co r re l a t ed  with ID(N,M) on card IMSN. 

l u s t r a t e ,  consider a ma te r i a l  configurat ion containing two media with 

medium 1 composed of hydrogen, oxygen, and aluminum and medium 2 composed 

of oxygen and lead .  Suppose t h a t  neutron e l a s t i c  s c a t t e r i n g  i s  des i r ed  

f o r  a l l  nucl ides  except l ead  and t h a t  oxygen i s  l i s t e d  as t h e  f irst  nucl ide 

on card  I 

N(tEL(2) = 1, ID(1,2) = 1, and ID(2,2) = 0. 

To il- 

Then N P E W  = 2 ,  NQ)EZ( l )  = 2, ID(1,l) = 1, ID(2,l) = 2 ,  

Thus, t h e  e l a s t i c - s c a t t e r i n g  

M , N "  

da t a  for oxygen would be input  first and followed by t h e  da ta  for aluminum. 

3.1.1.3 NNT Geometry Input 

The geometry rou t ines  i n  NMT are i d e n t i c a l  t o  those used i n  05R, and 

the  geometry input  i s  described i n  t h e  0 5 R  manual. However, i n t e r n a l  voids 

i n  NMT II must be designated by medium number 6666 i n  t he  geometry inpu t ,  

whereas i n  t h e  O5R geometry input  i n t e r n a l  voids are designated by medium 

number 1000. 

The s t a t i s t i c a l  weight of a pion or muon i s  reduced a t  these  c o l l i s i o n s  t o  

account f o r  decay. 

which i s  equal t o  t he  pseudo cross sec t ion ,  i s  a r b i t r a r i l y  s e t  equal t o  

P a r t i c l e s  i n  NMT may undergo pseudo c o l l i s i o n s  i n  medium 6666.  

For nucleons, t h e  t o t a l  c ross  s e c t i o n  i n  medium 6666 ,  

t h e  maximum pion decay cross  sec t ion .  
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3.1.2 Source-Particle Descr ipt ion 

The source-par t ic le  da t a  required by NMT are as follows: 

E(I) = the  source p a r t i c l e  k i n e t i c  e n e r a  i n  MeV; 

~ ( 1 . )  = t h e  source p a r t i c l e  x pos i t i on  coordinate  i n  em; 

Y ( 1 )  = t h e  source  p a r t i c l e  y pos i t i on  coordinate i n  cm; 

Z ( 1 )  = t he  source p a r t i c l e  z pos i t i on  coordinate i n  cm; 

U(1) = t he  source p a r t i c l e  x d i r e c t i o n  cosine;  

V ( 1 )  = t he  source p a r t i c l e  y d i r e c t i o n  cosine;  

W(l.) = t h e  source p a r t i c l e  z d i r e c t i o n  cosine;  

WT( I.) = t he  source p a r t i c l e  s t a t i s t i c a l  weight; 

TIP(1)" = t h e  source p a r t i c l e  type: 

0 .  = proton  

1. = neutron 

2. = TT 

3 .  = Tr 

c 

0 

4. = lr- 

6. = u- 

The above source-par t ic le  data must be furnished i n  subroutine s@% 

( N C O L ) ,  which i s  wr i t t en  by t h e  user .  SORS i s  c a l l e d  when N C g L  = -1 

(s ta r t  of r u n ) ,  NCOL = I. ( S G W C ~  p a r t i c l e ) ,  and NCQIT, = -4 (end of r u n ) .  

Any input required by S@RS should be read i n  when S#RS i s  c a l l e d  with 

N C @ L  = -1. Since the  p a r m e t e r s  E(1) through TIP(1) a r e  s to red  i n  

l abe led  comon C@M@N, th.is cormnon must be included i n  subroutine S@RS. 

-4 desc r ip t ion  of t h e  va r i ab le  l i s t  i n  common C@M@N can be obtaj-ned from 

o *The source-par t ic le  type should never be assigned a value of 3 s ince  TT 

p a r t i c l e s  a r e  not t ranspor ted  i n  lWT* 
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t he  l i s t i n g  of subroutine SP)RS used f o r  t h e  NMTC sample problem (Sec. 4).  

I n  NMT mu.ons a r e  t ranspor ted  i n  a separa te  ca l cu la t ion  from nucleons 

If NBERTP 2 0 ( see  Sec. 3.1.l.11, it i s  assumed t h a t  a l l  par- and pions.  

t i c l e s  a r e  muons, whereas 0 < NBERTP ind ica t e s  t h a t  all p a r t i c l e s  are e i t h e r  

nucleons o r  pions.  

accordance with t h e  value of NBERTP. 

The user  should choose values  for  TIP(1) t h a t  a r e  i n  

When muon source da t a  are t o  be read 

from a previously produced nucleon-pion h i s t o r y  t ape ,  subrout ine SgRS (NCBL) 

should contain t h e  FORTRAN statement CALL MFPD(NC@L). Subroutine MFPD c a l l s  

REDNMT ( see  See. 3.1.4) t o  read the  nucleon-pion h i s to ry  tape  and ca l cu la t e s  

parameters E(1) through TIP(1) fo r  each source muon. It i s  assumed t h a t  muons 

are c rea ted  from pion decay t h a t  occurs i s o t r o p i c a l l y  with respec t  t o  the  

pion a t  rest. 

3.1.3 Obtaining NMT Elas t ic -Sca t te r ing  Data: Program PUNCR@SS 

One source of e l a s t i c - sca t t e r ing  da ta  needed by NMT i s  t h e  O5R/NMTC 

master cross-sect ion tape .  

t i o n s  arid f values  i n  t h e  energy range of i n t e r e s t  for a v a r i e t y  of elements. 

This t ape  contains  e l a s t i c - s c a t t e r i n g  cross  sec- 

* 
1 

The program PUNCRgSS is  provided t o  read t h e  master cross-sect ion tape and t o  

output on cards  t h e  e l a s t i c - s c a t t e r i n g  d a t a  needed by NMT. 

from PUNCRGSS have t h e  same format as cards  J through 

These output cards 

described above and 

can be input  d i rec ly  i n t o  NMT. 

The program PUNCR(ZISS was obtained by modifying s l i g h t l y  the  058 aux i l i a ry  

program PUNCHSIG. 

present  on t h e  master t ape  f o r  a spec i f i ed  element and cross-sect ion type,  

Whereas PUNCHSIG punches c ross  sec t ions  at all energy pointh 

PU&YCR&’S punches only those c ross  sec t ions  i n  a spec i f i ed  energy range. 

*A l i s t  of t h e  elements fo r  which cross  sec t ions  a r e  given on t h e  05R/NMTC 
master tape  i s  given i n  Sec. 3.2.5. 
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The input  desc r ip t ion  f o r  PUNCROSS i s  as fol lows:  

Casd A: FgRMAT (?5, 15) 
b 

a. MTAPE: Logical t ape  number of t h e  master cross-sect ion 

tape .  

Logical number of t h e  punch t ape  for card output;. b. NTAPE: 

a b 
Card B: F @ W T  (E10.4,  E10.4) 

a. EmN: The lower energy l i m i t  (MeV)  f o r  which cross 

sec t ions  are des i red .  N o r m a l l y ,  t h i s  energy 

should correspond t o  t h e  neutron energy cu tof f  

used i n  NMT (EL@N i n  NMT i n p u t ) .  

b. ELAS: The upper energy l i m i t  (MeV) for which C ~ G S S  

sec t ions  are des i red .  

The punched card  output will conta in  c ross  sec t ions  i n  the energy range from 

t h e  f i r s t  energy poin t  on the  master tape  below ELON t'arough the enerm 

poin t  on the master tape  equal  t o  ( o r  t h e  f i r s t  above) e n e r a -  ELAS. 

b 
Card(s)  C :  F @ M T  (?5, 15) 

a. IDELM: Element i d e n t i f i c a t i o n  number of c ross  sec t ions  t o  

be punched. 

b. iI1SIG: Cross-section i d e n t i f i c a t i o n  number of cross sec t ions  

t o  be punched. 

The conventions used f o r  IDELM and I D S I G  a r e  given i.n Sect ion 3.2.5. Card C 

must be repeated f o r  each s e t  of cross  sec t ions  t o  be punched. 

C a r d  D: Blank card 

Card D terminates  t h e  case f o r  which c ross  sec t ions  a r e  t o  be punched i n  

t he  energy region spec i f i ed  by Card 53. Cross secltions i n  a d i f f e r e n t  energy 

range may be obtained by repeat ing t h e  s e t  of Cards R, C , . . . , C, D. The order  

of the  punched card output f o r  a given cross-sect ion s e t  i s  t h e  same as t h e  

order i n  which the  c ross  sec t ions  axe requested by Cards C .  
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The program terminates  by reading t h e  end-of-fi le on the  s tandard input  

tape.  

t e r n a l l y  t o  5 and 6 ,  r e spec t ive ly .  

The l o g i c a l  numbers f o r  t h e  s tandard input  and output a r e  s e t  in-  

The p r i n t e d  output from PUNCRBSS includes cross  sec t ions  a t  a l l  energy 

po in t s  on t h e  master tape  corresponding t o  IDELM and I D S I G .  This i s  followed 

by t h e  p r i n t e d  output for c ross  sec t ions  requested i n  t h e  energy range from 

ELON t o  EMS. 

3.1.4 NMT Analysis by History Tape 

The s tandard ve r s ion  of NIvrr writes on t a p e  a s e r i e s  descr ip t ion  of in-  

d iv idua l  events which c o n s t i t u t e  t h e  cascade i n i t i a t e d  by source p a r t i c l e s .  

Creating such a h i s t o r y  t a p e  has t h e  advantage of allowing repeated and var ious 

analyses  of t he  same data .  The p a r t i c l e  events a r e  charac te r ized  by event o r  

f lco l l i s ion ' f  parameters. 

vers ion  of subrout ine ANALYZ (NCOL) wr i t e s  at l e a s t  one binary FORTRAN record 

pe r  p a r t i c l e  event.  These records contain values f o r  t h e  following c o l l i s i o n  

parameters : 

When a h i s t o r y  tape i s  t o  be c rea t ed ,  t h e  standard 

1. WC(dL: An i n t ege r  i d e n t i m i n g  t h e  t u e  of ' fco l l i s ion ."  

N C ~ L :  -4 End of run 

-3 End of batch 

-2 Not p re sen t ly  used 

-1 S t a r t  of run 

0 Not present ly  used 

L Source-particle da t a  

2 Nuclear i n t e r a c t i o n  (rionabsorption) 

3 A charged p a r t i c l e  has slowed t o  i t s  energy 

cutoff  
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4 P a r t i c l e  escape from system 

5 Pseudo c o l l i s i o n  

6 Nuclear absorption 

‘7 I n t e r n a l  medium boundary crossing 

2. N(dCAS: An in t ege r  i den t i fy ing  t h e  current  cascade. 

3.  NAME: 

4. MAT: 

5. mil: 

An in t ege r  i den t i fy ing  the current  p a r t i c l e  wit1ii.n 

t h e  current  cascade. 

An in t ege r  ident i fying the  medium p r i o r  t o  t h e  current  

event. 

An in t ege r  i den t i fy ing  t h e  medium of t h e  current  event.  

A t  an i n t e r n a l  boundary crossing or an escape, MAT and 

i W D  w i l l  i d e n t i f y  t h e  old and new media, r e spec t ive ly ;  

at all. other  events ,  MAT and NMED w i l l  have t h e  same 

value.  

0 .  z 1 

12. @LDWT: The s t a t i s t i c a l  weight of t h e  par t i .c le  before t h e  event 

a t  (xC, YC,  Z C ) .  

The s t a t i s t i c a l  weight of tine p a r t i . d e  af ter  t h e  event 

at ( X C ,  Y C ,  ZC) .  

13. WT: 

14. E: The kine.Lic energy of t h e  p a r t i c l e  a t  ( X , Y , Z )  i n  MeV. 

15. EC: The k i n e t i c  energy of the p a r t i c l e  a t  (XC,YC,ZC) j.n MeV. 
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The x, y ,  and z d i r e c t i o n  cos ines ,  r e spec t ive ly ,  o f  

t h e  p a r t i c l e  a t  (XC,YC,ZC). 

19. TIP: The p a r t i c l e  type:  

0 = proton 

1 = neutron 

2 = l T  
i- 

0 3 = T r  

20. BOLD: A packed word giving t h e  geometric block and zone 

l o c a t i o n  of (X,Y ,z). 

21. BLZ: A packed word g iv ing  t h e  geometric block and zone 

loca t ion  of (xc,Yc,ZC). 

22. LELEM: An in t ege r  i d e n t i e i n g  t h e  struck-nucleus type with in  

a medium: 

LELEM: -1 Hydrogen 

0 The value given when a pseudo c o l l i s i o n  occurs 

1, 2?... The nuz le i  types ,  excluding hydrogen, 

according to t h e  order  i n  which they 

a r e  given i n  t h e  input  

23. NgPART: The number o f  intranuclear-cascade p a r t i c l e s  produced i n  

a nuclear  i n t e rac t ion ;  f o r  pseudo c o l l i s i o n s  NOPART = -1. 

24. NABQV: The total number of intranuclear-cascade particles 

and evaporated neutrons and protons produced above 

the cutoff energies in a nuclear interaction. 
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25. NBELO: The t o t a l  number of i n t r a~uc lea r -cascade  p a r t i c l e s  pro- 

duced below t h e  cutoff energies  i n  a nuclear  i n t e r a c t i o n .  

26. APR: The mass number A of t he  r e s i d u a l  nucleus a f t e r  i n t r a -  

nuclear cascade and evaporation. 

27. ZPR: The charge number Z of t h e  r e s i d u a l  nucleus a f t e r  i n t r a -  

nuclear cascade and evaporation. 

The k i n e t i c  r e c o i l  e n e r a  of t h e  r e s i d u a l  nucleus a f t e r  

evaporation i n  MeV. 

28. EREC: 

29. EX: The e x c i t a t i o n  energy of t h e  compound nucleus p r i o r  t o  

evaporation i n  MeV. 

30. HEVSUM: The sum of t h e  k i n e t l c  energies  of a l l  charged p a r t i c l e s ,  

othey than protons,  which are emit ted during nuclear 

evaporation e 

31. w: 

32. 
through 
37. 

The e x c i t a t i o n  of t he  r e s idua l  nucleus a f t e r  evaporation. 

NPAm ( 1) 
through 
NPABT( 6 )  : '&e number of evaporated neutrons , protons , 

deuterons,  t r i t o n s ,  3He's , and alphas,  

r e  spec t ive ly  . 
For start  of run,  eud of batch,  and end-of-run "co l l i s ions  ," only NC@L 

i s  r e l evan t ,  and parameters 2 through 37 a r e  zero. For source l t co l l i s ions"  

EC, X C ,  YC, and ZC a r e  undefined; the  energy and pos i t i on  of source p a r t i c l e s  

are s to red  i n  E, X ,  Y, and Z .  Parameters 26 through 37 a r e  re levant  only f o r  

NC@L = 2 or 6 ,  and parameters 22-25 are relevan-t; only f o r  NCOL = 2 ,  5 ,  or  6. 
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If a nuclear  i n t e r a c t i o n  occurs and NAB@! i s  g rea t e r  than zero,  a 

record of t h e  products having energies  above cu tof f  i s  wr i t t en  containing:  

NAMEA(1) :  

TIPA(1) : 

EA(I): 

The name of t h e  product p a r t i c l e .  

The type of p a r t i c l e  ( see  values  for TIP).  

The k i n e t i c  energy of t h e  p a r t i c l e  i n  MeV. 

VA(I) The x,  y ,  and z d i r e c t i o n  cosines of t he  p a r t i c l e .  

WA(I 1 
WTA(1): The s t a t i s t i c a l  weight o f  t he  p a r t i c l e .  

The index I runs from 1 through NABgV. An NABgV record i s  not wr i t t en  for  

pseudo c o l l i s i o n s .  A t  t hese  c o l l i s i o n s ,  t h e  pair t ic le  name, type,  k i n e t i c  

energy, and f l i g h t  d i r e c t i o n  cosines are unaltered and a r e  given by NflME, T I P ,  

EC, U ,  V ,  and W, r espec t ive ly .  However, f o r  pions and muons the s t a t i s t i c a l  

weight w i l l  be decreased so t h a t  WT @LDWT. 

If NBELO i s  g rea t e r  than zero,  a record of t he  products having energies  

below cutoff  i s  wr i t t en  containing: 

T I B ( 1 ) :  The type of p a r t i c l e  ( see  values f o r  TIP). 

E B ( 1 ) :  The k i n e t i c  energy of t h e  p a r t i c l e  i n  MeV. 

The x, y ,  and z d i r e c t i o n  cosines of t h e  p a r t i c l e .  

WTB(1): The s t a t i s t i c a l  weight o f  t he  p a r t i c l e .  

The index Z runs from 1 through NBELg. 
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If NPMT(J) i s  g rea t e r  than zero,  a record of evaporation products i s  

w r i t t e n  containing : 

WY'EVAP : The common s t a t i s t i c a l  weight of t h e  evaporated particles. 

EFmT(K,J): The energy of t h e  Kth evaporated p a r t i c l e .  The index K 

runs from 1 t o  NPART(J). A maximum of two records w i l l  

be w r i t t e n  corresponding t o  neutrons (J  = I) and protons 

(J = 2 ) .  

HEPART(K,L): The energy of t h e  Kth evaporated p a r t i c l e  of the  Lth type .  

A maximum of four records will be w r i t t e n  corresponding 

t o  deuterons (L = 1) , t r i t o n s  (L = 2 )  , 3Xle ( L  = 3 )  and 

alphas ( L  = 4 ) .  

Subroutine REDNMT i s  provided t o  read t h e  h i s t o r y  tape .  The u s e r ' s  

ana lys i s  program should c a l l  subroutine REDNMT t o  read each p a r t i c l e  event 

on the  tape.  REDJ!NT s t o r e s  c o l l i s i o n  parameters 1 through 37 and any 

NAE@V, NBELO, o r  NPA€?T(J) da ta  foj- t he  event i n t o  a labe led  common ca l led  

LABEL. The c a l l  statement f o r  HBDNMT i s  CALL REBNMT. There a r e  no arguments 

i n  t h e  c a l l  statement since all. communication between HEL)NMT and t h e  user 's  

anal-ysis program i s  through LABEL. The u s e r ' s  ana lys i s  prograni must s e t  

NHST ( t h e  l o g i c a l  riumber of t h e  his tory tape  t o  be r ead )  and I@ ( t h e  1.ogica.l 

number of the  tape  f o r  pr in ted  output )  before  t h e  f i r s t  c a l l  t o  RED!3MT. 8 

"HEDNMT increments -the l o g i c a l  number o f  t h e  h i s to ry  tape  (NHST) each time 
an end-of-tape (or end-of-fi le) marker i s  read.  
marker i s  de tec ted  by t h e  program depends upon the manner i n  which t h e  
I~x!a l  operat ing system handles rnul t i ree l  data s e t s .  
system, t h e  end-of--tape marker i s  not detected by t h e  program s o  t h a t  NHST 
i s  unchanged i r r e s p e c t i v e  of t h e  number of tapes  t o  be analyzed. 

Whether or not t h i s  

For the ORNL operat ing 
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Common LABEL should appear i n  t h e  user’s BIMT ana lys i s  program as: 

C ~ ~ ~ N / L A B E L / N H S T , N , I ~ ~ I ~ , N C ~ ~ ~ N ~ C ~ , N ~ , ~ T , ~ D , ~ L ~ , N @ P ~ T ,  

N A B ~ V , N B E L @ ~ ~ C H , M A X C A S , ~ T , N G R ~ U P , N P I D K , N ~ @ Q I L , N Q U I T , N E X C T ,  

NPART (6)  ,mL( 8 ) ,NAMEA( 40) ,X ,Y ,Z ,XC ,YC ,ZC ,@LDWT ,WT ,E ,EC ,U ,V ,W,TIP 

APR ,ZPR ,EREC ,EX,HEVSUPJI ,UU,ENAX , W A F ’  ,ZZ (10 ,16) ,A( 10,16 ) , S I G G  (LO, 17 , 

SIGMX( 7,17) ,HSIGG(  5,l-j’) ,TIPA(hO) ,EA( 40) ,UA( 40) ,VA( 40) ,WA( 40) ,WTA( 40) 

TIB(40) ,EB(40) ,UB(40) ,VB(40) ,W33(40) ,WTB(kO) ,EPART(100,2) ,EMIN(7) 

B@LD ,BLZ ,€@PART (100 , 4) 
Most of t h e  va r i ab le s  i n  LABEL have been def ined previously i n  t h e  NMT 

input desc r ip t ion  (Sec. 3.1.1.1) or Tn t h i s  sect ion;  t h e  o thers  a r e  defined 

below : 

N :  Value of NBERTP used i n  NMT input .  

I N :  Not used by REDI” .  

SIGG,SIGMX,HSIGG: Cross sec t ions  which are used by NMT and a r e  w r i t t e n  

Qn t h e  h i s t o r y  tape .  

EMIN(1): TIE cutoff  eneray i n  MeV used by NETll i n  t ranspor t ing  p a r t i c l e s  

of type I. I = 1, ..., 7 corresponds t o  protons,  neutrons,  IT , + 

0 - +  
TT , IT 1-1 , and p-, r e spec t ive ly .  [EMLN(4) will be 0. as NMT 

does not t r anspor t  neu t r a l  pions.  I 
The above va r i ab le s  ( N ,  S I G G ,  SLGMX, GSIGG,  and ESIIN) , as  w e l l  as most 

of the l$MT input  data, a r e  w r i t t e n  on t h e  h i s t o r y  t ape  a t  the  start  of run 

and are read  and p r in t ed  on I@ by REDNMT. 
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3.1.5 Analysis During Transport Cal.culation 

One may choose not t o  mite a h i s t o r y  t a p e ,  i n  which case t h e  user must 

r ep lace  t h e  standard vers ion of subroutine ANAIIYZ(NC@L) with h i s  own vers ion.  

Pe r t inen t  information i s  then obtained v i a  t h e  nonstandard subroutine ANALYZ 

(NCOL)  during t h e  NMl t r anspor t  ca l cu la t ion .  

main program i n  NMT, and t h e  parti .cular event type is ind ica t ed  by t h e  value 

ANALYZ(NCg1,) i s  c a l l e d  by t h e  

of NCQIL. Col l is ion parameters are s t o r e d  i n  cornon C@M@N. 

3.1.6 Program ENMT 

An NMT h i s t o r y  t ape  may be ed i t ed  using the  program ENMT. This program 

p r i n t s  a l l  of t h e  c o l l i s i o n  parameter; f o r  each p a r t i c l e  event.  The output 

of ENY i s  u s e f u l  f o r  uncovering ana lys i s  progrwn errors and wi1.l o f t e n  pro- 

v ide  the  user with a b e t t e r  understtwding of how wl! operates .  

The input desc r ip t jon  f o r  t h i s  program i s  as €allows : 
a b c  a e  

Card A; (110, 110, 110, 110, 110) 

a. NBSTP: 

b. NBCH1:  

e .  NCAS1: 

d. NBCH2: 

e. N C A S 2 :  

'he logical. number of t h e  h i s t o r y  tape.  

The batch number i n  which e d i t i n g  w i l l  begin,  

NBCHl 2 1. 

The cascade number (wj-thin NBCHI)  a t  which 

e d i t i n g  wi l lbeg i in ,  NCASl L 1. 

The batch number i n  which e d i t i n g  w i l l  

terminate,  NBCH2 2. 1. 

The cascade number (within NBCH2) st which e d i t i n g  

wj.11. terminate.  If NCAS2 i s  input as zero,  an 

e d i t  w i l l  be obtained through the las t  cascade 

i n  NBCH2. 

ENMT cons i s t s  of a main p rogrm and subroutine REDNMT. 
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3.2 05R - 
3.2.1 Modifications t o  t h e  s tandard vers ion of 05R* 

The s tandard 05R rout ines  BANKR, GETNC, INELAS, MAIN,  MS@UR, and 

flUTPT have been modified for t h e  NMTC version of O5R.  Also, subroutines 

DRES, &VAT,, D@ST, ENERGY, and DN2H have been added t o  t h e  standard vers ion .  

Subroutine MS@UR has been modified t o  read source neutron d a t a  from t h e  

neutron tape  generated by NMT. 

3.2.2 O5R Input 

The order  of t h e  input  f o r  t h e  NMTC vers ion  of 0 5 R  i s  as follows: 

1. Input required by the  standard vers ion of O 5 R ,  which i s  

descr ibed i n  the O5R manua1.l 

reads t h e  neutron source data from t he  neutron t ape  generated 

by NMT, a l l  source parameters on Card G of t h e  s tandard 

(Since t h e  NMTC vers ion of 

input  may be l e f t  blank.)  

A card  giving t h e  l o g i c a l  number of t h e  neutron source tape  

(F@RMAT 1 5 ) .  This i s  t h e  NEUTP tape  generated by NMT. 

Input f o r  subrout ine INELAS (descr ibed i n  dec. 3.2.3).  

2. 

3. 

3.2.3 Nonelastic Col l i s ions  i n  t h e  lvrvTTlC Version of OSR 

The treatment of nonelas t ic  c o l l i s i o n s  i n  O 5 R  i s  l e f t  t o  t h e  d iscre-  

t i o n  of the  user. The desc r ip t ion  of nonelas t ic  c o l l i s i o n  products i s  com- 

puted i n  subroutine INELAS. 

s ions  with nucl ides  other than D and ’Be a r e  t r e a t e d  using compound nucleus 

I n  t h e  NMTC vers ion of O 5 R ,  nonelas t ic  c o l l i -  

formation followed by nuclear evaporation. To accomplish the  evaporation, 

*The s tandard vers ion  o f ’ O 5 K  i s  considered here  t o  be t h e  vers ion  present ly  
ava i lab le  for d i s t r i b u t i o n  by t h e  Radiation Shielding Information Center, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee, 37830. 
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INELAS calls subroutine DRES, which i s  a subroutine vers ion of t h e  EVAP-4 

evaporation code. *' 
t h e  scheme suggested by Kalos, Goldstein,  and Ray:' i n  which it i s  assumed 

Nonelastic c o l l i s i o n s  with deuterium are t r e a t e d  using 

t h a t  t he  momenta of secondaries are uniformly d i s t r i b u t e d  i n  the  center-of- 

mass system. For beryll ium, the  nonelast ic  process i s  assumed t o  be en- 

t i r e l y  (n,2n) w i t h  both neutrons being emitted i s o t r o p i c a l l y  in t he  lab- 

o ra to ry  system. The energy s p e c t r a  of t hese  neutrons are obtained. from t h e  

data of Buckinghm, Parker,  and Pendlebury. 12 

The input f o r  INELAS i s  as follows: 

a 
Card A :  FQ)F$IA:C (15)  

a. NBT: Tne l o g i c a l  number of t h e  t ape  containing the  d a t a  

f o r  the evaporation ca l cu la t ions .  This is t h e  same 

as the  NBERTP tape used by NMT. IMEIAS reads over 

-Lhe intranuclear-cascade d a t a  and then reads i n  t h e  

evaporation da ta .  

The evaporation data are t h e  same as those described 

i n  r e f .  7. 

used, t hen  NB'T should be input 5 0 and no tape supplied.  

If 9Be and/or I1 are the  only materials 

b 
Card Bp4: F@MAT (6, IS) 

a. bEEL(M): The number of i n e l a s t i c  s c a t t e r e r s  i n  medium M .  

b. L D ( M ) :  The number of e l a s t i c  s c a t t e r e r s  i n  medium M. 

*The DRES subroutine i s  a l s o  used f o r  evaporation in NMT and i s  ident i .cal  
t o  t he  O5R DRES except f o r  one labeled common. 
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a b 
Card CM,K: F # W T  (E1O.O, E1O.O) 

a. ZN@(K,M): The charge number of t h e  t a r g e t  nucleus for t he  

Kth i n e l a s t i c  s c a t t e r e r  i n  medium M. 

b. AN@(K,M): The mass number of t h e  t a r g e t  nucleus f o r  t he  Kth 

i n e l a s t i c  s c a t t e r e r  i n  medium M. 

M must be 5 16 and K zqust be 5 8. The order of t h e  i n e l a s t i c  

s c a t t e r e r s  i n  a given medium must be t h e  same as t h e  order used 

i n  generat ing t h e  systems data tape.  

3.2.4 Cross-Section Requirements for t h e  l!WI'C Version of O5R 

Some c a r e  must be exercised i n  specifying the  cross-sect ion input  t o  t h e  

NMTC vers ion of O5R so t h a t  t he  nonelas t ic  subrout ine INELAS i s  c a l l e d  with 

t h e  proper p robab i l i t y .  Since O5R does not allow low-energy neutron absorp- 

t i o n  t o  occur e x p l i c i t l y ,  t h e  neutron weight i s  reduced a t  each c o l l i s i o n  

s i t e  by the  nonabsorption p robab i l i t y .  Consequently, subroutine INELAS should 

- Ca)/Ct, where C be c a l l e d  with p robab i l i t y  ( Enonel 

c ross  s ec t ion ,  C i s  t h e  c ross  sec t ion  f o r  low-energy neutron absorpt ion,  a 

and Ct i s  t h e  t o t a l  cross  sec t ion .  

nomenclature used i n  t h e  OTR manual, 

as t h e  " ine l a s t i c "  c ross  sec t ion  and t h e  "sca t te r ing"  c ross  sec t ion  corre-  

spands t o  C 

s c a t t e r i n g .  

i s  t h e  nonelas t ic  
nonel 

I n  t h e  context of t h e  cross-sect ion 

- ) takes  on t h e  same meaning ('none1 a 

= Cel + c  

The formal def in i t i on  of $he t o t a l  cross  sec t ion  i s  unchanged 

- C a y  where C is  the  cross sec t ion  f o r  e l a s t i c  
S nonel e l  

( E t  = c + E a ) .  
S 

For most elements t h e  low-energy neutron absorpt ion i s  due e n t i r e l y  t o  

r a d i a t i v e  capture.  There are, however, notable exceptions. For example, 

ni t rogen has a large (n ,p)  c ross  sec t ion  f o r  thermal and epithermal neutrons,  

and t h i s  cross  sec t ion  should be included in C and subtracted from Enonel 
a 
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i n  energy range from the-mal t o ,  say ,  an energy near t h e  fi.rst exc i t ed  l e v e l  

of t h e  compound nucleus. Otherwise, INELAS could be entered by, say, a 

thermal neutron, and erroneous results would be obtained. 

I n  summary, t h e  following cons t r a in t s  should be noted i n  preparing t h e  

input t o  t h e  NMTC version of 0 5 R :  

I n  preparing t h e  systems d a t a  t ape  (CQIDE 6 ) ,  t he  e l a s t i c - s c a t t e r i n g  1. 

cross  sec t ions  f o r  a l l  nuclides should be c a l l e d  f o r  before t h e  

" ine l a s t i c " - sca t t e r ing  cross sec t ions .  (This order  i s  m a d e  

necessary by t h e  manner i n  which subroutine IPSELAS i.s programmed.) 

2 .  The cross  sec t ions  needed are t o t a l ,  e l a s t i c ,  and nonelast ic  m5nus 

low-energy neutron absorption. These cross sec t ions  a r e  s p e c i f i e d  

on Cards D of t h e  @DE 6 input .  

3. On Card D of t he  primary O5R i n p u t ,  LF1 should be input as zero 

f o r  all.. " i n e l a s t i c "  s c a t t e r e r s  s ince  the a c t u a l  angular d i s t r i -  

but ion i s  computed i n  subroutine 1NELA.S f o r  nonelast ic  i n t e r -  

ac t ions .  

3.2.5 Cross Sections on t h e  O5H/NMTC Master Cross-Section Tape 

The master cross-section t a p e  r e f e r r e d  t o  here  i s  desi-gnated a.s 

"05R/NMTC" t o  d i s t ingu i sh  it from t h e  "05R'1 master cross-section tape that 

i s  made ava i l ab le  by RSIC as p a r t  of t h e  code package f o r  t h e  standard 
It. 

version of O5R. ifie p r i n c i p a l  difference between these  two cross-section 

l i b r a r i e s  i s  t h a t  t h e  c ross  sec t ions  f o r  most elements on t h e  O5R/NMTC tape 

extend to higher energies than those present on the 05R t ape .  The two 

*Radiation Shielding Informa-tion Center, located at t h e  Oak Ridge National 
Laboratory, Oak Ki-dge, Tennessee, 37830. 
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l i b r a r i e s  a l s o  d i f f e r  i n  t h a t  t h e  elements f o r  which c ross  sec t ions  are given 

a re  not the  same, and cross  sec t ions  given f o r  some elements t h a t  are present  

on both tapes  have been taken from d i f f e r e n t  sources.  

A l i s t  of t h e  c ross  sec t ions  contained on t h e  O’jR/NMTC master cross-section 

tape  i s  given i n  Table I .  A particular cross-sect ion set i5 i d e n t i f i e d  on t h e  

tape  by an index denoting t h e  element and an index denoting a p a r t i c u l a r  type 

of c ross  sec t ion  f o r  t h i s  element. The index f o r  element i d e n t i f i c a t i o n  (which 

is  used t o  denote both elements and i so topes)  i s ,  by convention, 1000 x Z + A ,  

where Z i s  t h e  atomic number and A i s  the  mass number. A i s  s e t  t o  zero for 

elements having a n a t u r a l  i so top ic  composition. The following convention is 

used for  cross-section i d e n t i f i c a t i o n :  

l = t o t a l  

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

9 = nonelas t ic  

19 = nonelas t ic  minus low-energy neutron absorption 

20 = ( n , r >  

21 = (n ,p )  

71  = t h e  f values f o r  e l a s t i c  s c a t t e r i n g  
1 

A complete edi t  of t h e  cross-sect ion tape  can be obtained by running 

CqDE 3 of the  XSECT code. 
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TABLE I 

Cross Sect ions on O5R/NMTC Master Tape 
I 

Highest 
I!! lement Cross Energy 

Element I d e n t i f i e r  Sect ions (MeV 1 

H 1001 1, 2, 20 100 

N 7000 1, 2 ,  9 ,  19, 21, 71 100 

Si 14000 1, 2 ,  9 ,  1-9, 20, 71 25 

P 15000 1, 2, 9, 1.9, 20, 71 19 

S I6000 1, 2, 9, 19, 20, 71 18 

c1 17035 1, 2 ,  9 ,  19, 20, 71 

K 1.9000 1, 2, 9,  19, 20, 71 25 

Ti 22048 1, 2, 9, 2 0 ,  71 30 

Fe 26000 1, 2, 19, 71 100 

cu 29000 1, 2, 9, 71 100 

Cd 48112 1, 2, 9 ,  19, 71 15 

Pb 82207 1, 2, 9, 19, 71 100 
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3.2.6 REDg5R 

Subroutine RED@5R (LgG1, LgGMAX, NTYPE, NW€'C@L) i s  ava i l ab le  t o  read  

058 h i s t o r y  t a p e ( s ) ,  The arguments a r e  defined a5 fOllOW5: 

LgGl = The l o g i c a l  number of t he  f i r s t  h i s t o r y  t ape .  

* 
LOGMAX = "he l o g i c a l  number of t h e  last h i s t o r y  tape .  If t h e r e  

are M h i s t o r y  t apes ,  then L@GMAX = L@Gl + M - 1. 
NTYPE = An i n t ege r  denoting t h e  type of da t a  re turned by REDgSR; 

N'I'YPE: 0 normal "co l l i s ion"  d a t a  

1 end of batch 

3 end of run 

NWPCOL = The number of words ( c o l l i s i o n  parameters) per c o l l i s i o n ,  

1 F N W P C ~ L  5 36. 

The f i r s t  c a l l i n g  of REDg5R must provide values f o r  t h e  arguments LGG1, 

LGGMAX, and NwpCflL. 

output .  

NTYPE = 0 ind ica t e s  t h a t  RED@SR has s to red  values  f o r  t h e  c o l l i s i o n  parameters 

i n  l abe led  common PARAMS. 

same order  as ind ica ted  by t h e  NBIND values on Card I of t h e  O5R i npu t ,  

Example: Suppose NC@LL, SPDSQ, U ,  V ,  W ,  X ,  Y ,  Z ,  and WATE were se l ec t ed  as 

Then NWPC@L = 9 

The value of NWPCgL is obtained from t h e  p r in t ed  0 5 R  

NTYPE i s  re turned  t o  t h e  c a l l i n g  program by REDg5R. A r e t u r n  with 

PARAMS should contain NWPC@L parameters i n  t h e  

c o l l i s i o n  parameters on Card I of t h e  0 5 R  input .  

and common PARAMS should appear i n  t h e  05R analys is  program as: 

C@~@N/PARAMS/NC@LL ,SPDSQ ,U ,V ,W ,X ,Y , z , WATE 

"The footnote  on m u l t i r e e l  da t a  s e t s  given i n  Sec. 3.1.4 app l i e s  here  also. 
If the  l o c a l  operat ing system does not provide t h e  user 's  program with 
any ind ica t ion  of an end-of-tape encounter,  then LQGMAX i s  i r r e l e v a n t .  
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4. N W C  SAMPLE PROBLJ3M 

4 .1  Sample Problem Description 

Input ,  output ,  and appropriate ana lys i s  rou t ines  w i l l  be i l l u s t r a t e d  

+ 
for  a sample NMTC ca lcu la t ion .  Consider a beam of l5OO-MeV IT -mesons 

normally incident  on a Pb s l a b  18-cm" t h i c k  i n  the  z d i r e c t i o n  and i n f i n i t e  

i n  t h e  x and y d i r ec t ions .  The source i s  uniformly d i s t r i b u t e d  over t h e  

slab surface a t  z = 0 cm and has a s t r eng th  of 1 particle/cm2-sec ( s e e  

Fig. 1). 

To def ine the  q u a n t i t i e s  t h a t  will be calculated by the analysis  pro- 

grams, l e t  

J ~ ( z ,E ,h ; i )d.EdR 
2 

be t h e  expected number of p a r t i c l e s  of type i at  space coordinate z, with 

energy E i n  dE, going i n  t h e  d i r e c t i o n  spec i f i ed  by t h e  u n i t  vector R with- 

i n  t he  element of s o l i d  angle dR per u n i t  a r e a  normal t o  2 per  u n i t  time. 

Here, 2 i s  a u n i t  vector  t h a t  i s  normal t o  t h e  s l a b  i n  Fig. 1 and i s  i n  the  

d i r e c t i o n  of p o s i t i v e  z. The values of i have t h e  following meanings: 

_I_ i P a r t i c l e  me 

1 proton 

2 ne ut  r on 

+ 
6 1J. 

*This thickness+is  equivalent t o  204 g/cm2 or  roughly 1 mean f r e e  path 
based on t h e  TJ nonelast ic  cross sec t ion  a t  1500 MeV. 



4 1  

Fig.  1. Source and 

ORNL-DWG 70-10587 

L m  cm-I  

Material Geometry for Sample Problem. 
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Further  d e f i n i t i o n s  a r e :  

These q u a n t i t i e s  will be r e f e r r e d  to  as the pos i t i ve  and negat ive par- 

+ 
Z 

t i a l  cur ren ts ,  r e spec t ive ly ,  where i denotes the  p a r t i c l e  type.  

and Ji( z ; i )  a r e  ca lcu la ted  i n  the sample problem f o r  z = 0 , 6 ,  1 2 ,  and 

18 cm. 

J,(z;i) 

The EZ(i) values  correspond t o  EMAX and a r e  1500 MeV f o r  nucI.eons and 

pions and 1533 MeV f o r  muons. For protons,  pions,  and muons, t he  values  of 

E (i) correspond t o  the  cutoff  energies for those p a r t i c l e  types i n  NMT. 

A value of 1 5  MeV i s  used f o r  t h e  proton and neutron cutoff  energies  i n  NMT. 

From the  proton c u t o f f ,  it follows t h a t  t h e  cu tof f  f o r  pions i s  

15 x 0.1488 = 2.23 MeV. The muon cutof f  i s  se l ec t ed  as 0 . 1  MeV, so  t h a t  

i n  t h e  muon-transport ca l cu la t ion  ELgP i s  input  as O . l / O . l E g  = 0.8857 MeV. 

O5R i s  used t o  t r anspor t  neutrons below 15 MeV, and thermal neutrons are 

t ranspor ted  using a one-speed model with i so t rop ic  s c a t t e r i n g  i n  the lab- 

ora tory  system. 

1 

Hence, E1(2) = 0. I n  summary, t h e  values  of E (i) a r e :  
1 



i E l ( i )  

1 - proton 15.00 (MeV) 

2 - neutron 0.00 

2.23 

0.10 

0.10 

Negative pions reaching 2.23 MeV are assumed t o  undergo nuclear  i n t e r a c t i o n ;  

i .e . ,  NPIDK is  input  as 0. 

When an i n t e r n a l  boundary is  spec i f i ed  i n  t h e  geometry inpu t ,  medium 

boundary crossings w i l l  be repor ted  only i f  t he  adjacent  regions a r e  assigned 

d i f f e r e n t  medium numbers. For t h i s  reason,  t he  geometry i s  spec i f i ed  using 

t w o  media as shown i n  Fig.  2.  The cross  sec t ions  and d e n s i t i e s  of media I 

and 2 are, of course,  i d e n t i c a l .  

4.2 Intercode Information Transfer 

F igure  3 i l l u s t r a t e s  t he  code-to-code flow of information i n  running 

the  sample problem. The NMT nucleon-pion-transport and NMl' muon-transport 

blocks i n  Fig.  3 a r e  enclosed by a dashed l i n e  because f o r  t h e  sample problem 

both t r anspor t  ca l cu la t ions  a r e  c a r r i e d  out i n  t h e  same job  s t ep ;  t h a t  i s ,  

t h e  input  data for nucleon-pion t r anspor t  a r e  followed by t h e  input  da t a  

f o r  muon t r anspor t .  

NMT reads the  muon input  da t a  and then performs the  muon t r anspor t  calcu- 

l a t i o n .  In  Fig.  3 t h e  nucleon-pion h i s t o r y  t ape ,  which i s  read both by the  

NMT analys is  program and by NMT f o r  t he  muon source,  i s  labeled "NHSTP(NEUTP)" 

when used as the  muon-source tape .  This tape  i s  designated as NHSTP when 

created by NMT i n  t h e  nucleon-pion ca l cu la t ion  and i s  designated arj NEUTP 

A t  t he  end of the nucleon-pion t r anspor t  ca l cu la t ion ,  
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ORN L- QWG 70- 10588 

MEDIUM NUMBER 

18 cm 6 12 / = o  
Fig. 2 .  Medium Designation for Sample Problem. 
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O R N L - G W G  70-10586 

t 
XSECT 

(CODE 6 )  

I 
I PuNCRoSS 

N M T  ELASTIC SCATTERING 
INPUT DATA (CARDS) 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - 

TAP E DkS I G NAT I ON S 

M T A P E  = 05R/NMTC MASTER CROSS SECTION TAPE 

N T A P E  = 05R S t S T E M S  DATA TAPE 

N E T  = N B E R T P  = TAPE CONTAINING DATA NEEDED FOR INTRANUCLEAR-CASCADE AND 

N H I S T R  = O 5 R  HISTORY TAPE 
N H S T P  = N M T  NUCLEON-PION HISTORY TAPE 

N H S T P ’  = N M T  MUON HlSTORY TAPE 

EVAPORATION CALCULATIONS. 

Fig.  3. Flow of Information for NMTC Sample Problem. 
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i n  t h e  WIT input f o r  muon t r a n s p o r t .  

ana lys i s  blocks i n  Fig. 3 a r e  enclosed by dashed l i n e s  because both analyses 

a r e  done i n  t h e  same program i n  t h e  sample problem. 

4.3 

The nucleon-pion-analysis and muon- 

L i s t ings  of Input ,  Output, and Analysis Programs f o r  Sample Problem 

The card input f o r  program PUNCRflSS, which generates t h e  e l a s t i c -  

s c a t t e r i n g  data needed by NMT, i s  given i n  Table 11, and the  p r i n t e d  output 

i s  shown i n  Table 111. 

A l i s t i n g  of t h e  NMT subroutine S@XS, which w a s  w r i t t e n  s p e c i f i c a l l y  

f o r  t h e  sanple problem, i s  show1 i n  Table IV. 

Card input, and p r i n t e d  output f o r  NMT are given i n  Tables V and VI, 

r e spec t ive ly .  

A l i s t i n g  of t h e  NMT analysis  program w r i t t m  f o r  -the sample problem 

i s  given i n  Table VII, and t h e  card input and p r i n t e d  output are given i n  

Tables VI11 and I X ,  r e spec t ive ly .  The input cons i s t s  of two cards.  'l'he 

f i r s t  card contains t h e  l o g i c a l  number of the nucleon-pion h i s t o r y  t ape  

(FgRMAT 110) and the  second card contains t h e  l o g i c a l  number of t he  muon 

h i s t o r y  tape (FflHMAT I10) .  

Input and output f o r  CODE 6 of t h e  XSECT program, which i s  used t o  

generate the  058 systems d a t a  t ape ,  a r e  shown i n  Tables X and X I ,  rpspec- 

t i v e l y  . 
Card input and p r i n t e d  output f o r  O5R a r e  given i n  Tables X I 1  and X I I I ,  

r e spec t ive ly .  

A l i s t i n g  of t h e  05R ana lys i s  program wr i t t en  f o r  the sample problem 

i s  given i n  Table X I V ,  and t h e  card input and p r i n t e d  output a r e  given i n  

'Fables XV and XVI.  Input f o r  t h e  O5R analysis  cons i s t s  of one card,  

FORMAT ( 5 1 5 ) ,  containing values for t h e  following q u a n t i t i e s :  
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a. L@Gl  (see Section 3.2.6) 

b. LQIGMAX (see Sect ion 3.2.6) 

c .  NwpCOrL ( see  Section 3.2.6) 

d. MAXCAS (see Section 3.1.1.1) 

e .  MAXBCW (see Section 3.1.1.1) 

The NMT e d i t  p r o g r m  E.lYlIT has been run t o  p r i n t  the first  cascade 

of t h e  f i rs t  batch contained on t h e  nucleon-pion tape ta i l l u s t r a t e  t h e  

type of output provided by .t;hi.s program. 

a r e  given i n  Tables X V I I  and XVIII, respec t ive ly .  

The card input  and pr in t ed  outpu% 



TABLE 11 

Input for PUNCR~SS Program 

9 52 

82207 2 
82207 71 

15.0 100.0 



49 

ENERGY I E V I  CROSS SECTION 

0.1 OOGUE 
0.90000E 
0.800OOE 
0 . 7 o m  
0 . GOOOM 
0.55000E 
0.50000E 
0.4SOOOE 
0.4Uoaof 
0. UrnM 
0.U2OOOE 
0. 4 1 OOOE 
o.llc000E 
0.35WE 
0.30000E 
0.27500E 
0.250OOE 
0.225OOE 
0.201K)OE 
0.18017E 
0.1750oE 
0.17139E 
0.16333E 
0. I 5508E 
0.1 SOOOE 
0. IU7SIE 
0. IU032E 
0.133118E 
0.12697E 
0.1250OE 
n. l2077E 
0.l2woE 
0. I15OOE 
0. I IUSBE 
0. I I O O M  
0.10928E 
0.10500E 
0.10395E 
0. 1mn 
0. 98862E 

09 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 

08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
07 

oa 

0.25599E 
0.2738oE 
0.26499€ 
0.24603E 
0.212% 
0.20570E 
0.203ooE 
0.205BOE 
0.M569E 
0.20356E 
0.20aOE 
O.203aE 
0.20799E 
0.2303% 
0.266U99E 
0.288QE 
0.305NE 
0.31NUE 
0.32499E 
0.31691E 
0.31167E 
0.31 1OG€ 
0.30227E 
0.293655 
0.28797E 
0.28U36E 
0.27369E 
0.26320E 
0.2529OE 
0.24971E 
0.24 3376 
0.211220E 
0.23467E 
0.23452E 
0.2281 2E 
0.22748E 
0.22355E 
0.22363E 
0.22394E 
0.225 1 OE 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

TABLE I11 

Output from PUNCR@SS Program 

PRCE I 

*****THESE RRE CROSS SECTIONS OW MTRPEemaam 
ELEMENT-82207 

SIGHR- 2 
INTERPLlLC(TIM.l= R 

POINTS= S9 i  
fless. 0.0 

ELOSTIC 

EFJERGY E V l  CROSS SECTION 

0.9U059E 07 0.2303OE 01 
0.90OoaE 07 0.23911E 01 
0.89U7ZE 07 0.2363% 01 
0.85108E 07 0.21189% 01 
0.80957E 07 0.26186 01 
0.8OOOoE 07 0.26493E 01 
0.77009E 07 0.2%'30€ 01 
0.7325315 07 0.30582E 01 
0.7OOOOE 07 0.Y792E 01 
0.69681E 07 0.3302YE 01 
0.66282 07 0.35601E 01 
0.630SM 07 0.38263E 01 
0.6OOOoE 07 O.UO99X 01 

0.57oME 07 O.Uu2511E 01 
0.55M30E 07 0.11668% 01 
O.SU267E 07 O.UNI6f 01 
0.51621E 07 0.5019OE 01 
0.500WE 07 0.51991E 01 
O.U910# 07 0.52739~5 01 
0.r16708E 07 O.SU818E 01 
O.4500M 07 0.S6380E 01 
O.UUU30E 07 0.56662E 01 
0.U2263E 07 0,57770E 01 
0.10202E 07 0.S8879E 01 
0.110OOE 07 0.58991E 01 
0.382WE 07 0.5991M 01 
0.36376€ 07 0.60935E 01 
0.350oM 07 0.61727E 01 
0.311602E 07 0.620q7E 01 
0.3400.W 07 0.62538E 01 
0.33000E 07 0.63373E 01 
0.3291% 07 0.63403E 01 
0.32OOOE 07 0.6373UE 01 
0.3131OE 07 0.6400OE 01 
0.31000E 07 0.64122E 01 

0.2978X 07 0.W357E 01 
0.2833QE 07 0.63121E 01 
0.27500E 07 0.62406E 01 

a . s m s  07 O.UIOIE 0 1  

0.30aoo~ 07 O.WSUE 01 

ENERG1 IEVt CROSS i E C T l O N  

0 . i 6 g u a ~  07 
O.2563UE 07 
0.250OOE 07 
0.2U384E 07 
0.23195E 0 7  
0.22500E 07 
0.22063E 07 
0.20987E 07 
0.20000E I17 
0.19964E 07 
0.19500E 07 
0.19000E 07 
0.1699OE 07 
0.18MM 07 
0.18064E 07 
0.18000E 07 
0.17500E 07 
0.17183E 07 
0.1700OE 07 
0.165OM 07 
0.16jY5E 07 
0.16000E 07 
0.155UBE 07 
0.15500E 07 
0.15000E 07 
0.1117'30E 07 
0.14500E 07 
0.14068E 07 
0.1UWOE 07 
0.13500E 07 
0.13382E 07 
0.1300OE 07 
0.1273OE 07 
0.125OOE 07 

0.10956E 07 

0.6151UE 01 
0.5938UE 01 
0.58355E 01 
0.573WE 01 
0.55505E 01 
0.5U404E 01 
13.53647E 01 
0.5178Sf 01 
U.50077E 01 
0.50020E 01 
0.4'3287E 01 
0.48503E 01 
0.48498E 01 
0.4822SE 01 
0.48249E ! I 1  
0.U6253E 01 
0.47687E 01 
0.478YOE i l l  
0. ii 7929E 01 
rJ.117'377E 01 
0.U7363E 01 
0.U7933E 01 
0.47991E 01 
0.479'37E 01 
0.481170€ D l  
ri.4HGGflE 01 
0.48928E 01 
0.4932'6E 01 
J.49392F i l l  
0.50262E 0 1 

0.51138E 01 
0.51S03E 01 
0.5182lE 01 
0.53134E 01 
0.53512E 01 
0.53222E 01 
0.53211E 01 
0.52418E 01 
0.52262E 01 

0 . 5 n w 5 ~  01 

U. 73Ur13E 06 
r) 7200OE 06 
0.7000CF 05 
0.69861E 06 
fl.r,BDOOF Ob 
IJ. bCY54E 126 
0.66000E UC 
11 b4000E 06 
0.63213E 96 
0.6200uE 0G 
~3.h0130F Ob 
IO. t,r1131:OE flt 
n .wuooE n6 
0.58000E 06 
IJ.571'37E 06 
0.5100GE OG 
U.56000E 06 
0.5500OE OG 
11.5YY08E 06 
lJ.54OooE 06 
17.53000E 06 
U. 52000E 06 

E N E R C r  l E V l  ri lO5S IECT1ON 

10.I0500E 07 0.506366 01 
0.1OU22E 07 0.52089E 01 
0.lOOOOE 07 0.60864E 01 
0.99137F 06 0.b2169E 01 
0.98OGiX M, 10.639UGE 01 
0.960OOE C.G 0.60031E 01 
0.94302E 06 0.57552E 01 
0,EtrlxKJf 06 0.57117E 0 1  
0.92000E 06 0.57205E 01 
0.3000oE 06 0.56295E 01 

0.85328E 06 0.SS60M 01 
0.81167t 06 0.54961E 01 

01 
01 
01 
01 
01 
i l l  
a1 
01 
01 
01 
01 
I1 I 
IO 1 
01 
01 
I3 I 
I l l  
I l l  

I1  I 
U I  
I1 I 
11 I 
01 
01 
01 
01 
01 

0.89703~ 06 0 . 5 ~ 2 5 2 ~  01 

0.54778E 
11.5 35H2E 
0.53529E 
0.52989E 
0. 520'38E 
IO. hUIIB3E 

0.433LGE 
0. U9662€ 
0.5WUSE 
0.55309F 
0.55568E 
0.551 3% 
0.55UME 

0. '53081 F 
0'4296UE 
0. +AI I V  
0 .  50961 E 
0.49754€ 
fl . U 34tOE 
IO. 44960E 
0.U3960E 
0. 4 7963E 
0. 50'3hOE 
0.85960E 
U.311960E 

0 .  a72 IOL 

n. 5 ~ 5 ~  



t N E R C l  I E V l  CROSS SECTION 

11.5 I75YE 06 
11.51000E 06 
11.50000E 06 
11.49230E 06 
0.49000E OG 
0.48000E 06 
0.47000E 06 
0.46829E 06 
0.46000E 06 
0.45000E 06 
0.44545E 06 
0.42373E 06 
0.40306E 06 
O.4OOOOE 06 
0.390GOE 06 
0.38341E 06 
0.38000E 06 
0.37oMx 06 
0.36471E 06 
0.360M)E 06 

0.34692E 06 
0.34000E 06 
0.33000E 06 
0. 320OOE 06 
0.31391E 06 
0.31000E 06 
0.30000E 06 
0.298GOF 06 
0.28403E 06 
0.27500E 06 
11.27018E 06 
11.25700E 06 
il.25000E 06 
U.24W7E 06 
0.23255E 06 
11.22500E 06 
0.22l21E 06 
r.2lOU2E 06 
0.20016E 06 

0.35000E OF> 

0.79533E 01 
0.4536flE 01 
0.32460E 01 
0.358GUE 01 
0.369GOE 01 
0.43960E 01 
0.479606 01 
0.48293E 01 
0.49960E 01 
0.519GOE 01 
0.52681E 01 
0.56377E 01 
0.60333E 01 
0.609GOE 01 
0.619GOE 01 
0.64Y27E 01 
0.65760E 01 
0.71960E 01 
0.81860E 01 
0.919GOE 01 
0.999GOE 01 
0.823130: 01 
0.52960E 01 
0.514GOE 01 
0.66960E 01 
0.63353E 01 
0.70960E 01 

0.73013E 01 
0.73587E 01 
0.73960E 01 
0.7r1236E 01 
0.75022E 01 
0.75460E 01 
0.75776E 01 
0.76487E 01 
0.769GOE 01 
0.77524E 01 
0.79210E 01 

0.729606 0 1 

0 . ~ ~ 3 2 ~  0 1  

TABLE III (Cont'd. 1 
Output from PUNCR@SS Program 

PRGE 2 

ENERGT lEVl  CROSS SECT10l'I 

0. 2OOOOE 06 
0.19039E 0G 
0.18111E 06 
0.17500E 0G 
0.17228E 06 
O.lG381E 06 
0.15588E 06 
0.15000E 06 
0.14828E OG 
0.14105E 06 
0.13417E 06 
0.12762E 06 
0.1250oE 06 
0.1214OE 06 
0. 1 I54HF. 06 
0.10985E 05 
O.IO449E 05 
0. IOOOOE 06 
0.9939+E 05 
0.9LLSY7E 05 
0.90000F 05 
0.899356 05 
0.88000E 05 
0.86000E 05 
0.85549E 05 
0.84000E 05 
0.82000E 05 
0.81377E 05 
0.80000E 05 
0.78000E 05 
0. 774OEE 
0.76000E 
0.74000E 
0.73G33E 
(J . 72000E 
0.7OOU2E 
0.70000E 
0.68000E 
0.66625E 
0.66000E 

G5 
05 
05 
05 
05 
05 
05 
05 
05 
05 

0.80960E 01 
0.83123E 01 
0.853776 01 
0.8696OE 01 
0.8783% 01 
0.90688E 0 I 
0.33631E 01 
0.95960E 01 
0.9G3RAE 01 
0.982676 01 
0.1OOlBE 02 
0.10214E 02 
0.10296E 02 
0.10335E 02 
0. IO4O;E 02 
0. IO469E 02 
0.10536E 02 
0.10596E 02 
0.1059% 02 
0.10623E 02 
0.10646E 02 
0.10648E 02 
0.1069GE 02 
0.10716E 02 
0.10723E 02 
0.10746E 02 
0.1059GE 02 
0. l0407E 02 
0.39360E 0 I 
0.11096E 02 
0.10917: 
0. 10436E 
0.1 l036E 
0. I0346E 
0.10296E 
0.10198E 
0.10196E 
0.10746E 
0. I0505E 
0 .  l0396E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

ENERGT lEVl CflOSS SFCTlON 

0.64000E 05 0.101'36E 
0.63376E 05 0.1021 1E 
0.62000E 05 O.IOZV6E 
0.602866 05 0.10283E 
0.6OOGOE 05 0.10296E 
0.59000E 05 0.10396E 

0.573Y5E 05 0. IOV79E 
0.57000E OS 0; 10496E 
0.560006: 05 0.1059hE 
0.55000E 05 0. I O N E E  
O.Sq549E 05 0.10857E 
0.54OOOE 05 0.10996E 
0.53~30~ 05 0.11 196E 
0.52000E 05 0. I I 396E 
0.51888E OS O.ll418E 
0.5100CiE 05 0.11596E 
0.50000E 05 0.11996E 
0.4935% OS 0.12124E 
0.490OoE OS 0.12196E 
0. UeoooE 05 0. I 2596E 
0,47000E 05 0. l2996E 
0.46950E 05 0.13008E 
0.46000E 05 0.132116E 
0.450OOE 05 0.11246E 
0.44661E 05 0.101413E 
O.UUOOOE 05 0.89UGOE 
0.43000E 05 0.9346OE 
0.42U83E 05 0.94737E 
0.42000E 05 0.35960E 
u.rll0OOE 05 0.97950E 
0.404llE 05 0.99127E 
0.(10000€ 05 0.99960: 
0.39000E 05 0.10046E 
0.3RUUOE 05 0.10074E 
0.38000E 05 0.10096E 
0.37000E 05 0.10196E 
0.36565E 05 0. IO218E 
0.36000E 05 0.102'16E 

0.5aooo~ os 0.1 0 4 4 6 ~  

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
01 
01 
01 
01 
01 
01 
01 
02 
02 
02 
02 
02 
02 

0.3500OE 05 0.10266F 02 

ENERG1 'IEVI CROSS SECTION 

0.3478X 05 
0.34000E 05 
0.33085E 05 
0.33000E 05 
0.32000E 05 
0.31472E 0s 

0. ,"YVI,L ..- 
0.23937E 05 
0.295OOE 05 
0.29000E 05 
0.2850flE 05 
0.28477E OS 
0.28000E 05 
0.27500E 05 
0.27088E OS 
0.27000E 05 
0.26500E 05 
0.260006 05 
0.25767E 05 
0.255OOE OS 
0.250OflE 05 
0.24510E 05 
0.245ooE 05 
0.240GOE 05 
0.23500E 05 
0.23315E 05 
0.2300flE 05 
0.2250CE 05 
0.22178: 05 
o . Z i o % ~  05 
0.20067E 05 
0.19089E 05 
O.18158E 05 
0.17272E 05 
0.16430E 05 
0.15628E 05 
0. IY866E 05 
O.11i14IE 05 
0. 13452E 05 

0.10262E 02 
0. IO24GE 02 
0. IO2UGE 02 
O.IO24GE 02 
0.10196E 02 
0.1018SE 02 
0.10176E 02 
0.10396E 02 
0.10408E 02 
0.10496E 02 
0.112Y6E 02 
0. I 1596: 02 
0.11533E 02 
0.10296E 02 
0.999606 01 
0.99137E 01 
0.98960E 01 
0.99r160E 01 
0. IOOYGE 02 
0.10092E 02 
0.10146E 02 
0. IO2OGE 07 
0.1029GE 02 
0. 1023GE fl2 
0. 1034GE 02 
0.1039GE 02 
O.lO414E 02 
0.1044GE 02 
0.1043CE 11c 
I?. 10Y3CE 02 
11. IOYQGE 112 
11. 104'36E I? 
I?. IO4'36E 102 
n. lnY'?ijE 02 
n. lil49T.E ild 
11. I Oli3bE I? 

I!. I Il4giE 11,' 
0. 10496E I I2 
fl. I l W ' 3 7 F  1 1 , '  

11. 11?4'?7E I 'L '  



TABLE 111 (Cont'd. ) 

Output from PUNCRgSS Program 

PRGE 3 

ENERGT IEVI  CROSS SECTION ENERGl lEVl CROSS SECTION EMERCT IEVl CROSS SECTION ENEAGf lEVl CROSS SECTION 

0.31635E 03 0. I l298E 02 
0.30092E 03 0.11298E 02 
0.30000E 03 0. I 1298E 02 
0.28624E 0 3  0.11299E 02 
0.27228E 03 0.11300E 02 

0.24637E 03 0.11302E 02 
0.23436E 03 0.1 I302E 02 
0.22293E 03 0.11303E 02 
0.21206E 03 0.11304E 02 
0.20171E 03 0.11305E 02 
0.19188E 03 0.11306E 02 
0. l6252E 03 0.1 1306E 02 
0.17362E 03 0.11307E 02 
0.16515E 03 0.1 l308E 02 

0.25901~ 03 o.ii30i~ 02 

329E 02 
33oE 02 
331E 02 
331E 02 
336 02 
3 3 s  02 
3 W E  02 
33UE 02 
335E 02 
33M a2 
337E 02 

0.12795E 05 0.IOU98E 02 
0. l2500E 05 0. lOU98E 02 
0.12171E 05 0.10563E 02 
0.12000E 05 0.10598E 02 
O.II578E 05 0.10683E 02 
0.11500E 05 0.1069% 02 
0. I1013E 05 0.10796E 02 
0. IlOOOE OS 0.10799E 02 
0.10500E 05 0.10999E 02 
0.10476E 05 0.1 lOlK 02 
0. lOOOOE OS 0. I l30M 02 
0.99651E 04 0.11300E 02 
0.94791E 04 0.1 l300E 02 
0.90lG8E 04 0. I l300E 02 
0.85771E 04 0. I13UOE 02 
0.81588E 04 0.1 l30M 02 
0.77609E 04 0. I I300E 02 
0.7382'rlE 04 0.11300E 02 
0.70223E 04 0.11300E 02 
0.66798E 04 0. I1300E 02 
0.63541E 04 0.1130OE 02 
0.60442E 04 0.1130OE 02 
0.57494E 04 0.1 l300E 02 
0.54690E 04 0.11300E 02 
0.52023E 04 0.1130OE 02 
0.V9485E 04 0.11300E 02 
0.47072E 04 0. I l300E 02 
O.44776E 04 0.11300E 02 

0.23375E 011 0. 
0.22235E W 0. 
O.21lSlE 04 0. 
0.20119E W 0. 
0.19138E 04 0. 
0.1820% W 0. 
0.17317E 04 0. 
0.16472E 04 0.  
0.1566% 04 0. 
O.IU905E 04 0. 
0.14178E 04 0. 

1299E 02 
129% 02 
1299E 02 
129% 02 
129% 02 
1299E 02 
1299E 02 
129% 02 
1299E 02 
129% 02 
129% 02 

0.45008E 02 0.1 
0.42813E 02 0.1 
lO.4072K w 0. I 
0.38739E 02 0 .  I 
0.3685M 02 0. I 
0.35053E 02 0. 1 
0.3334% 02 0. I 
IO. 31717E 02 0.1 
0.30170E 02 0. I 

0. a%% 02 0. I1337E 02 
0.24701E 02 0.11338E 02 
0.2349W 02 0. 1133% 02 
0.2235M 02 0.1134M 02 
0.2126oE 02 0. I134Of 02 
n m > > u F  IW n I I ' ~ U I F  n? 

0. I3W6E 
0.1282% 
0.12203E 
0. I1608E 
0. I IW2E 
0.10503E 
0.99909E 
0.35037E 
0.9WO2E 
0.85993E 
0.8179% 

0.74015E 
0.70405E 
0.669 7 I E 
0.63705E 
0.6OSY8E 

0.5483 1E 

0. 77809~ 

0.57b43E 

OY 
04 
04 
04 
04 
04 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
0 3 
03 
11 3 
03 
03 
11 3 
03 
03 
03 
03 

0.1129% 
0. 1129% 
0. I IZ99E 
0.112996 
0. I1299E 
0.11299E 
0.1 l299E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

0.1570% 03 0.1 
0.149U3E 03 0.1 
0.14215E 03 0.1 
0 .13YIE 03 0.1 
0,12662E 03  0.1 
0.1223% 03 0.1 
0. l1638E 03 0. I 
0.11070E 03 0. I 
0.10530E 03 0.1 
0.llW17E 03 0.1 
0.9V83E 02 0.1 
0.90636E 02 0.1 
0.86215E 02 0.1 
0.8201 IE 02 0. I 
0.7801 1E 02 0. I 
0.7UM6E 02 0. I 
0.70587E 02 0.1 

309E 02 
31llE 02 
311E 02 
311E 02 
312E 02 
313E 02 
314E 02 
315E 92 
316E 02 
316E 02 
317E 02 
318E 02 
31YE 02 
320E 02 
320E 02 
321F 02 
322E 02 
323E 02 
324E 0? 
324E 02 
325E 02 
326E 02 
327E 02 
3ZHE 0: 
328E 02 

Y.LYCC.C ,- 
0.19237E 02 
0.18299€ 02 
0.17407E 02 

0. I5 7S0E 02 
0. 14982E 02 
0.14251E 02 
0.13556E 02 
0.12895E 02 
11. 12266E I22 
0. I l668E 02 
0.11099E 02 
0.10558E 02 
0.10043E 02 
0.'3552YE 01 
0.90870~ 01 
0.86438E 01 
0.82223E 01 
0.78213E 01 
10. 74 398E 01 
0.70771E 01 
n.67319~ 01 

0.16558~ 0: 

" . . . - . . - 
0. I 1  34ZE 
0.11343E 
0. 1 1  3U3E 
0. 1 I344E 

._ 
02 
02 
02 0.1129% 

0. 1129% 
0. 1129% 
0.11299E 
0. 1129% 

02 
02 
02 
02 
02 

0.1 I344E 
0. I I345E 
0. I 13UGE 
0. I 1  3U7E 
0.11 347E 
0.11 348E 
0.11 34YE 

0.11299E 
0. I l299E 
0. I1299E 
0. I1299E 
0.1129% 
0. I1299E 
0. I l299E 
0. I1299E 
0. I1299E 
li. 11299E 

0. I1299E 
0.11299E 
0.1129YE 
0.1129YE 
0. I l2'39E 
IO. I1298E 

0. i I 299~ 

02 
02 
02 02 

02 
02 
02 
02 

0. 1 1349E 
0. l135UE 
0. 11351E 

02 
02 

0.42592E 04 0.11 300E 02 
0.40515E 04 0. I I300E 02 
0.3853YE 04 0. I1300E 02 
0.36660E 04 0. 
0.34072E 04 11. 

02 
02 
0.' 

0.52 I57E 
0 .  ri95l3E 
0.47 I W E  
0 .  44892E 
0. W703F 

0. I 1  352E 
0. I 1  352E 1300E 02 

1300E 02 
1299E 02 
1299E 02 
1299E 02 
1299E 02 
1299E 02 
1299E fl? 
1299E 02 

02 
02 0. I I353E 

0. I I 3 5 U E  
0. I I354f 

0.33171E 04 0. 
0.31553E 04 0. 
0.30014E 04 n. 
0.28551E 04 0. 
0.27158E 04 0. 
n.2583UE 04 0. 

0% 
02 
02 
02 
02 

0. UriCZrJE 
0.3863YE 
0.3G755E 
0.3436d 
0.33257E 

0. I 1  35% 
0. I I351iF 
0. I I3%E 
0.1 I357E 02 0.47316E 02 0 . 1  0.24S74E 04 0. 
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ENERGl I E V l  CROSS 5ELTIilN 

0.60912E 01 
0.57941E 01 
0.55116E 01 
0.5242EE 01 
0.49872E 01 
0.47439E 01 
0.45125E 01 
0.42925E 01 
0.40831E 01 
0.38840E 01 
0.36945E 01 
0.35143E 01 
0.33429E 01 
0.31799E 01 
0.3024EE 01 
0.2877% 01 
0.27370E 01 
0.26035E 01 
0.24765E 01 
0.23557E 01 
0.22408E 01 
0.21315E 01 
0.20276E 01 
0.19287E 01 
0. 18346E 01 
0. I7452E 01 
17.16601E 01 
0.15791E 01 
0.15021E 01 
0.14288E 01 
0.13591E 01 
0.12928E 01 
0. 1229RE 01 
0.11698E 01 
0.11128E 01 
I?. 10585E 01 
[I. l0069E 01 
I). I0000E 01 
".Y5778E 00 
O.sl105E 00 

0. I1357E 02 
0.11 358E 02 
0.1 1358E 02 
0. I 1  359E 02 
0.I13GOE 02 
0. I1360E 02 
0. I l361E 02 
0.11362E 02 
0. I1362E 02 
0.1 l3G3E 02 
0.11363E 02 
0. I1363E 02 
0. I I364E 02 
0.11 36UE 02 
0. 1365E 02 
0. 1365E 02 
0. 1365E 132 
0. 13G6E 02 
0. 1366E 02 
0. 1367E 02 
0. 1368E 02 
0. 1368E 02 
0. 13G9E 02 
0. 13G9E 02 
0. I1369E 02 
0. I 1369E 02 
0. I1369E 02 
0. I l370E 02 
0.11370E 02 
0. I l370E 02 
0. I1370E 02 
0.11371E 02 
0. I1371E 02 
0. I1372E 02 
0. I1372E 02 
0. I I372E 02 
0. I I373E 02 
I). 1 1373E 02 
0.11 359E 02 
0. I l342E 02 

TABLE 111 (Cont 'd .  ) 
Oixkput from PUNCR@SS Program 

ENERGi IEV I  CROSS SECTlUN 

0.86663E GO 0. I1326E 02 
0.82q37E 00 0.1131OE 02 
0.7841SE 00 0.11293E 02 
0.74592E 00 0.11277E 02 
0.70954E 00 0.11261E 02 
0.6749% no 0. 115isE 02 
0.64201E 00 0.11228E 02 
0.61071E 00 O.Il2l2E 02 
0.5E091E 00 0.11195E 02 
0.55259f 00 0.11179E 02 
0.5256UE 00 0.II163E 02 
0.50001E 00 0.111117E 02 
0.47561E 00 0. I 1  130E 02 
O.452rl2E 00 0.11113E 02 
0.43036E 00 0. I1097E 0% 
0.40937E 00 0. I IOEOE 02 
0.3894OE 00 0. I1064E 02 
0.370UlE 00 0. I1047E 02 
0.3523.iE 00 0.11031E 02 
0.33516E 00 0.11015E 02 
0.31881E 00 0.10999E 02 
0. M326E 00 0.10983E 02 
0.28847E 00 0.10966E 02 
0.274YOE 00 0.1035OE 02 
O.ZGlO2E 00 0.10933E 02 
0.24829E 00 0.1091 7E 02 
0.23618E 00 0.10900E 02 
0.22466E 00 0.10884E 02 
0.21371E 00 0.108GEE 02 
0.20328E 00 0.1085lC 02 
0.19337E 00 0.10834E 02 
0.18394E 00 0.10817E 02 
0.17497E 00 0.10800E 02 
0.16643E 00 0.10783E 02 
U.15832E 00 0.10766E 02 
0.15060E DO 0.10749E 02 
0.14325E 00 0.10732E 02 
0.13627E 00 0.10716E 02 
0.12962E 00 0. I0699E 02 
0.12330E 00 0.10683E 02 

PRGE 4 

ENERGI lEV l  CROSS SECTION ENERGl l E V l  rR I l i5  SELTl0N 

0.11728E 00 
0. I I156E 00 
0.10612E 00 
0.10095E 00 
0. lOOOOE 00 
0.96024E-01 
0.91 342E-01 
0.86888E-01 
0.82649E-01 
0.80000E-0 I 
0.7961E-01 
0.74785E-01 
0.71137E-01 
0.67667E-01 
0.64 367E-0 1 
0.61229E-01 
0.60000E-0 I 
0.58242E-01 
0.55UOZE-01 
0.52699E-01 
0.50 129E-0 I 
0.50000E-OI 
0. 47684E-01 
0.45359E-01 
0.431 47E-01 
O.4IO42E-01 
0. UOOOOE-01 
0.39041E-01 
0.37137E-01 
0.30000E-01 
0.25000E-01 

0.10GGCE 02 
0.10650E 02 
0.10634E 02 
O.lO618E 02 
0.10615E 02 
0.10576E 02 
0.10529E 02 
0.10482E 02 
0.10435E 02 
0.10405E 02 
0.10379E 02 
0.10306E 02 
0.10234E 02 
0.10161E 02 
0.1009OE 02 
0.10019E 02 
0.99899E 01 
0.99219E 01 

0.96964E 01 
0.95856E 01 
0.95799E 01 
0.94572E 01 
0.93295E 01 
0.9203SE 01 
0.90793E 01 
0.90158E 01 
0.89346E 01 
0.87689E 01 
0.80939E 01 
0.743r)OE 01 

0.98085~ 01 
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TABLF 111 (Con-t'd.) 

Output from P U N C R ~ S S  Program 

MRSS= 0.0 
ELASTIC 

0.lOOOOE 
0.90000E 
0. 8OOOOE 
0.70000E 
0. G0000E 
0. S5000E 
0.50000E 
0. 45000E 
0.44M10E 
0.4 3000E 
0.42000E 
0. 4 1 OOOE 
0.40000E 
0.35000E 
0.30000E 
0.27500E 
0,25000E 
0.22500E 
0. 20OOOE 
0. IB017E 

08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 

09 0.25599E 01 
0.27380E 01 
0.261199f 01 
0.2460X 01 
0.2129% 01 
0.20570E 01 
0.20300E 01 
0.20580E 0 I 
0.20569E 01 
0.20356E 01 
O.202UOE 01 
0.20321E 01 
0.2079% 01 
0.23035E 01 
0.26U99E 01 
0.2E692E 01 
0.3057UE 01 
0.319U4E 01 
0.32U99E 01 
0.31691E 01 

U.17500E 08 0.314G7E 01 
0.17139E 08 0.31100E 01 
il.163C3E 08 0.30227E 01 
0.15S08E 08 0.2936SE 01 
ll.15UOOE 08 0.28797E 01 
0.I4751E 08 0.2843GE 01 
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ENERGT lEV l  CROSS SECTION 

TABLE I11 (Cont'd.) 

Output f r o m  PUNCRQISS Program 

PRGE 6 

mmmmmTt4ESE RRE CROSS SECTIONS ON MTHPEmmm-m 
ELEMENT-82207 

SIGWl= 71 
INTERQOLRTION= 8 

POINTS= 410 
MASS- 0.0 

LERD PEREY OATR F1 

0. IOOOOE 09 0.98569E 00 
0.80000E 08 0.97576E 00 
0.70000E 08 0.96Y61E 00 
0.60000E 08 0.943WE 00 
0.50000E 08 0.90631E 00 
0.40000E 08 0.88482E 00 
0.30000E 08 0.90933E 00 
0.250GOE 08 0.919796 00 
0.20COOE 08 0.908Y8E 00 
0.I8017E 08 0.85497E 00 
0.1713% 08 0.87497E 00 
0.16303E 08 0.86545E 00 
0.15508E 00 0.85289E 00 
O.IV751E 08 0.83890E 00 

0.133UBE 08 0.80967E 00 
0.12697E 08 0.79Y37E 00 
0.12077E 08 0.77982E 00 
0. I1488f 08 0.773111E 00 
0.10928E 08 0.76782E 00 
0.10395E 08 0.76275E 00 
0.98882F 07 0.76034E 00 
0.94059E 07 0.76613E 00 
0.89472E 07 0.77163E 00 
0.85108f 07 0.77687E 00 
0.80957E 07 0.78185E 00 

0. 73253E 07 0.78840E 00 

0.66282t 0 7  0.78840E 00 
''.63050E 07 0.78613E 00 
0.59975E 0 7  0.78398E 00 
0.57050E 07 11.78193E 00 
0.54267: 07 0.779'39E 00 
0.5162lE 07 0.77813E 00 
0.49103E 07 0.7684BF 00 
0.46708E 07 0.7.4573E 00 
0.44430E 07 0.72409E 00 
0.42263E 07 0.69323E 00 
0.40202E 07 0.66145E 00 

0 . 1 4 0 3 2 ~  08 0.a2559~ 00 

O . ~ O O ~ E  07 0.78533~ on 
0.69681E 07 0.79078E 00 

ENERGY I E V I  CROSS SECTION 

0.38242E'n7 0.63122E 00 
0.36376E 07 0.602117E 00 
0.311602E 07 0.57512E 00 
0.32915E 07 0.511910E 00 
0.3131OE 07 0.52436E 00 
0.29783E 07 0.5008IE 00 
0.2833oE 117 0.Y78112E 00 
0.26946 07 0.r1571K 00 
0.2563YE 07 0.4368M GO 
O.ZU38UE 07 O.r1175@€ 00 
0.2319% 07 0.3992% GU 
0.22063E 07 0.38181E 00 
0.2098E 0 7  0.3652K Do 
0.1996UE 07 0.349U8E Do 
0.18990E 07 0.33561E 00 
0.18064E 07 0.322111E 00 
0.17183E I37 0.30986E M) 
0.163U5F 07 0.29792E 00 
0.155118E 07 0.28656E 00 
0.14790E 07 0.2757% 00 
0.14065C 07 0.26547E 00 
0.13382E 07 0.25570E 00 
0.12730E 07 0.24640E 00 
0.12109E 07 0.r3755E 00 
O.ll5lRF 137 0.22829E 00 
0.10956F 07 0.d133OE 00 
0.IOW2E 07 0.21075F 00 
0.99137E 0G 0.;0236; 00 
0.94302E 06 0.19317E 00 
0.89703E 06 0.18444E 00 
0.85323E 06 0. 17CI2E 00 
0.81167E 06 0.1682X 00 
0.77208E OE 0.1581AF 00 
0.73443E UG 0.14764E 00 
0.69861t Ob 0.13761E 00 
0.661154E 06 0. I2807E 00 
0.63213E 06 0.11900E 00 
0.60130E 06 0.11036E 00 
0.57197E Ob 0.10930E 00 
0.54408E 06 0.10860E 00 

ENERGr lEVl CROSS SECTION 

0.517SYE 06 0.11439E 00 
0.119230E 06 0.162S7E 00 
0.96829E 06 0.17057E 00 

0.112373E 06 0.18000E 00 
0.110306E 06 0.18000E 00 

O.UUSUSE 06 0.17818~ 00 

0.36341E 05 0.17668E 00 
0.36U71E 06 0.17294E 00 
0.34692E OG 0.16938E 00 
0.33000E 06 0.16600E 00 
0 . 3 1 3 9 1 ~  06 0 . 1 6 2 7 ~ ~  00 
0.29860E OF, 0 . 1 5 k E  00 
0.28403E 06 0.15521E 00 
0.27018E 06 0.15105E 00 
0.25700E 06 0.l4710E 90 
0.2UW7E 06 0.111334F 00 
0.23K5E 05 0.13976E 00 
0.22121E 06 0.13635E 00 
O.ZIO112E 06 0.13313E 00 
0.20016E 06 0.13005E 00 
0.19039E 06 0.12712E 00 
0.18111E 06 0.1243% 00 
0.17228E 06 O.ll879E 00 
0. 16387E 06 0. I I 3 1  i i  00 
0.15588E 05 0.10772E 00 
0.14828E 06 0.10259E 00 
0.14105E 06 0.37707E-I31 
0. 13417E 06 0.93063€--01 
0.12762E OG 3.88647E-01 
0. l2140E OG 0.8411145E-01 
0.11548E 06 0.80VV9E-01 
0. l0985E 05 0,76647E-01 
0.10449E 06 0.73031E-01 
0.99394E 05 0.69321E-01 
O.94547E OS 0.63892F- 01 
0.8993SE 05 0.58728E-01 
0.85543E 05 0.53815E-0l 
0.81377E 05 0.49142E-01 
0.77408E 05 0.44697E-01 
0.73633E 05 0.40469E-01 

ENERGY l E V l  

0. 700112E OS 
0.66626E 05 
0.63376E 05 
0.60256E 05 
0.573Y5E 05 
0.54549E 05 
0.518RRE 05 
0.49358E 05 
0.46950E 05 
0.114661E 05 
0.112483E 05 
0.404lIE 05 
0.3844OE 05 
0.3656% 05 
0.34782E 05 
0.33085E 05 
0.311172E 05 
0.299376 05 
0.28477E 05 
0.2708BE 05 
0.25767E 05 

0.17272E OS 
0. IGq30E 05 
0.15628t 05 
0. 14866F 05 
0.14141E 05 
0. 13US2E 05 
0.12795E 05 
0.12171E 05 
0. I157RE 05 
0.1 l013E 05 
0.101476E 05 
0.99651E 014 

CROSS SECTION 

0.364'17E-01 
0.32621E-01 
0 .2898a  -01 
0.25520E -0 I 

0.190%E-01 
0.2222iE-01 

0. lGl15E-01 
0.13820E-01 
0.13146E-01 
0.1250SE-01 
0.11895E-01 
0. I1315E-01 
0.10753E-01 
0. 10238E-01 
0.9738% -02 
0.92639E-02 
0.88 121 E-02 
0.83823E-02 
0.79735E-02 
0.75847E-02 
0.72147E-02 
0.68629E-02 
0.65282E-02 
0.62098C-02 

0.5G l88E- 02 
0.53448E 02 
0.508LI IE-02 
0.48362E-02 
0.46003E 112 
0.4?760E-112 
0.41625E-02 
0. 39595E-02 

0. 5 9 0 6 9 ~ - 0 2  

0.3766'4E -02 
0. 35827E 02 
0.34080E-02 
0. 32418E-02 
0.30837E-02 
0.29333E-02 
0.27902E -02 
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IllADLE I11 (Cont'd.) 

Output from PUNCH@SS Program 
PRGE 7 

ENERG1 lEV l  CROSS SECTION ENERCT I E V I  CROSS SECTION ENERG7 IEvl CROSS SECTION ENERCT I E V I  CROSS 5 t C T l f J N  

0.94791E 04 
0.901G8E 04 
0.85771E 04 
0.81588E 04 
0.77609E 04 
0.7382UE 04 
0.70223E 04 
0.66798E 04 
0.635UlE 04 
O.tjO4UZE 04 
0.5749UE 04 
0.54690E 04 
O.52023E 04 
0.49485E 04 
0.47072E 04 
0.44776E 04 
O.42592E 04 
O.UO515E 04 
0.38539E 04 
0.36660E 04 
0.34072E 04 
0.33171E 04 
0.31S53E 04 
0.3DOl4E 04 
0.25551E 04 
0.27158E 04 
0.25834E 04 
O.24574E 04 
0.23375E 04 
0.22235E 04 
0.21151E 04 
0.20119E 04 
0.19138E 04 
0.18205E 04 
0.A7317E 04 
IO. Ib472E 04 
U. I5G69E 04 
0.l4905E 04 
I?.B4178E 04 
0.13U86E 04 

0.26542E-02 
0.2524 7E -02 
0.24016E-02 

0.2173oE-02 
0.2067 1 E -02 
0.19662E-02 
0.187WE-02 
0.17791E-02 
0.1692rlE-02 
0.16098E-02 
0.15313E-02 
0.14566E-02 
0.13856E-02 
0.13180E-02 
0.32537E-02 
O.Il926E-02 
0.11 %YE-02 
0.10791E-02 
0. IOX5E-02 
0.97W IE-03 
0.92679E-03 
0.883119E-03 
0.840UOE-03 
0.799426-03 
0.76043E-03 
0.723WE-03 
0.68806E -03 
0.65451E-03 
0.62259E-03 
0.59222E-03 
0.5633VE -0 3 
0.53587E-03 
0.50973E -03 
0.45487E-03 

O . Z ~ ~ U S E - O ~  

0.46 I22E -0  3 
0. 43873E-03 
0.11 l733E-03 
0.39698E-03 
0.3776X-03 

0.12629E 04 
0.I2203E 04 
0.1160f  04 
0. I lO42E 04 
0.10503E 04 
0.99909E 03 
0.m037E 03 
0.9WO2E 03 
0.85993~ 03 
0.817996 03 0.229WE-03 
0.7780% 03 0.21787E-03 
0.7rlOlSE 03 
0.70405E 03 
0.66971E 03 

0.60598E 03 0.16967E-03 
0.57643E 03 0.161UoE-03 
0.54831E 03 0. I535X-03 
0.52157E 03 0.1460UE-43 
0.4961X 03 0.13892-03 
0.47194E 03 0.132lUE-03 
O.YW392E 03 0.1257OE-03 
0.42703E 03 0.11957E-03 
O.UO62E 03 0.11374E-03 
0.3863% 03 0.10819E-03 
0.3675SE 03 0.10291E-03 
0.34962E 03 0.97894E-04 
0.33257E 03 0.93119E-0'4 

0.6370s~ 03 0.17837~-03 

0 . 3 1 6 3 ~  03 0 . ~ 8 5 7 a ~ - o 4  
0.30092~ 03 n.ama~-w 
0.2862UE 03 0.80149E-04 
0.27228E 03 0.7624OE-04 
0.25YOlE 03 0.72521E-W 
0.24637E 103 0.68985E-04 
0.23436E 03 0.65620E-W 

0.62420E-04 
0.59 3 76E -04 
0.5GURCF 04 
0.53 725E -04 
0.511oK-W 0.1SZSL)f 03 

0.3592OE-03 
0.3U168E-03 
0.3n02E-03 
0.3091X-03 
0. ?3409E-03 
0.2797%-03 
0.2661oE-03 
0. K312E-03 
0.2907S-03 

0.2a72k-03 
0.1971X-03 
0.18752e-03 

0.17362E 03 
0.16515E 03 
0.157W 03 
0.IU993E 03 
O.IU2ISE 03 
0.13521E 03 
0.12862E 03 
0.1223SE 03 
0.1 l63tlE 03 
0.11070E 03 
0.1053M 03 
O.lOO17E 03 
0.95283E 02 
0.90636E 02 
0.86215E 02 
0.82011E 02 
0.76011E 02 
0.742066 02 
0.70587E 02 
0.67145E 02 
0.63870E 02 
0.60755E 02 
0.57792E 02 
0.5497M 02 
0.52292E 02 
0.49742E 02 
0.47316E 02 
0.4S008E 02 
0.42813E 02 
0.4072SE 02 
0.38 739E 02 
0.36850E 02 
0.35053E 0,' 

0.486 1 3E-0Y 
0.U62Y2E-04 
0. Y 3986~-04 
0.4 1841E-04 
0.39801E-04 
0.3785OE-04 
0.36013E-OU 
0.3Y2S7E-04 
0.32586E-011 
0.30997E-04 
0. rn85E-011 
0.26047E-04 
0.26679E-04 

0.24 14OE-04 
0.22963E-04 
0.218U3E-04 
0.20778E-04 
0.19764E-04 
0.18BOOE-04 
0.17884E-04 
0. I701 IE-04 
0.16182E-94 
0.15393E-04 
0. I4642E-W 
0.13928E-UY 
0.13248E-04 
0.12602E-011 
0.11988E-04 
0. I I403E-04 
0. 10847E-04 
0.10318E-04 
0.981 47E -05 
0. '33360E - 05 
0.88807E-05 
0.84476E-135 
d. 8035GE-05 
0.76437E-05 

0.69163E-05 

o . ~ T ~ ~ ~ E - o u  

11.7L709E-05 

0.23496E 02 
0.22350E 02 
0.2126oE 02 
0.2022UE 02 
0.19237E 02 
0.1829% 02 
0.17407€ 02 
O.lGS58f 02 
0.15750E 02 
0.14982E 02 
0.l4251E 02 
0.13556E 02 
0.1289K 02 
0.12266E 02 
0.11668E 02 
0.11099E 02 
0.10558E 02 
0.100UK 02 
0.9'5529E 01 
0.908706 01 
0.86438E 01 
O.82223E 01 
0.76213~ n i  
0 . 7 ~ 3 9 8 ~  0 1  
0.70771E 01 
0.67319E 01 
0.64036E 01 
0.60912E 01 
0.5794IE 01 
0.55116E 01 
0.52428F 01 
0.U9872E 01 
O.117U39E 01 
0.45125E 101 
0.4292% 01 
!.40531E 01 
(J. 38RUOE I31 
0.369115E 01 
0.351U3E I l l  
0.33U29E 01 

0.65790E 05 
0.6258 1 E -05 
0.59529E-05 
0.S662GE-05 
0.53864E -05 
0.51237E 05 
0.U8738E-05 
0.46361E-05 
0.441ooE-05 
U.UI95M-05 
0.39WUE-05 
0.37958E-05 
0.361BE-05 
0.3434%-05 
0.3267E-05 
0.31077E-05 
0.29561E -05 
0.2812oE-05 
O.267UBE-05 
0.25444E-05 
0.24203E-05 
0.23022E-05 
0.21900E-05 
0.20832E-05 
0.19816E-05 
0.18849E-05 
0.1793OE-05 
0.170SSE-95 
0. 16224E-05 
0 .  15433-05 
0.1468oE-05 
0. 13964E-0' 
0.13283E-05 
IO. 0. l2635E-OS 12019E-05 

IO. I1433E-05 
0.10875E-05 
0. 10345E-lF 
0.98411lF 1% 
0.93602E-06 
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t N E R G l  I E V l  CROSS SECTION 

0.31777E 01 0.89037E-06 
0.30248E 01 0.84695E-06 
0.28773E 01 0.8056UE-06 
0.27370E 01 0.76635E-06 
0.26035E 01 0.72897E.06 
0.24765E 01 0.69342E-06 
0.23557E 01 0.659GOE-06 
0.22408E 01 0.62743E-06 
0.21315E 01 0.59683E-06 
0.20276E 01 0.56773f-06 
0.19287E 01 0.54004E-06 
0.18346E 01 0.51370E-06 
0.17452E 01 0.488G5E-06 
0.16601E 01 0.46481E-06 

0.15021E 01 0.42058E-06 
0. lrl288E 01 O.40007E-06 
0.13501E 01 0.38056E-06 
0.12928E 01 0.362OOE-06 
0.12298E 01 0.34434E-06 
0. I1698E 01 0.32755E-06 
0.11128E 01 0.31157E-Il6 

U.10063E 01 0.28192E-06 
0.95778E 00 0.26817E-06 
0.91105E 00 0.25510E-06 
0.86663E 00 0.24265E-06 
0.82437E 00 0.23082E-06 
0.784 IT 00 0.21956E-06 
0.74592E 00 0.20885E-06 
0. 7095YE 00 0. 198G7E-06 
J.67493E 00 0. l8898E-06 
IO.6420IE 00 0.17975E-06 
~?.61071E 00 n.17100E-06 
f ? . W O 9 I E  00 0.1626GE-05 
11.55259E 00 IO. I5472E-01j 
l~.5256YE O@ 0. 14718E-06 

".4:561E 00 11. I3317E-06 
0.45242E 00 0.12668E-06 

0. 15791E 01 O.44214E-06 

0 . 1 0 5 a 5 ~  01 O . ~ ~ ~ ~ E E - O S  

1:.5000IE 00 I?. 14000E-06 

TABLE I11 (Cont ' d. ) 

Output from PUNCR(bSS Program 

PRCE 8 

ENERGT IEVI CROSS SECTION EkERGl lEVl  CRO' j j  X C T l O N  ENERGY IEVI CR05S SECTION 

0.43036~ 00 0. I ~ O ~ O E - O ~  0 . 5 a 2 ~ - 0 1  0 .16308~-07 
0.40937E 00 0. I I462E-06 0.55UO2E-01 0.15512E-07 
0.389UOE 00 0.10903E-06 0.52699E-01 0. 14756E-07 
0.370UIE 00 0.10371E-06 0.50129E-01 0.14036E-07 
0.3523UE 00 0.98656E-07 0.4768UE-01 0.13352E-07 .._. - 
0.33516E 00 0.93844E-07 O.rl5359E-01 0.12700E-07 
0.31881E 00 0.89268E-07 0.43147E-01 0.12081E 07 
0.30326E 00 0.8491UE-07 0.41042E-01 0. I lU92E-07 
0.28847E 00 0.80773E-07 0.39041E-01 0.10931E-07 
0.271140E 00 0.76833E-07 0.37137E-01 0.10398E-07 
0.~6102E 00 0.73086E-07 
0.24829E 00 0.69522E-07 
0.236186 00 0.66131E-07 
0.22466E 00 0.62906E-07 
0 . 2 1 3 7 1 ~  00 0.59a38~-07 
0.m328E 00 0.5691%-07 
0.19337E 00 0.54143E-07 
0.183NE 00 0.515OX-07 
0.17497E 00 0.48991E-07 
0.166U3E 00 0.46602E-07 
0.15832E 00 0 .4432X-07 
0.15060E 00 0.42167E-07 
O.lU325E GO O.rl01 IOE-07 
0.13627E 00 0.38154E-07 
0.12962E 00 0.36293E -07 

0. I1728E 00 0.3284OE-07 
0. I I156E 00 0.3123RE.-07 
0.10612E 00 0.29715E-07 
0.100¶5E 00 0.28265E-07 
0.3602UE--OI 0.26887E-07 
0.91342E -01 0.25576E-07 
0.86888E-01 0.24328E-07 
D. 826UqE-0 I 0.23142E-07 
0.786 I8E-0 I 0.2201 3E-07 
0.74785E-01 0.20940E-07 
0.71 I37E-01 0.19918E-07 
0.E7667E-01 0.18347E-07 
O.EYi67E-01 0.18023E-07 
0.61229E-01 0.17144E-07 

0 . 1 2 3 3 0 ~  no 0 . 3 ~ 5 2 3 ~ - 0 7  
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TAR12 111 (Cont'd.) 

Output from PUNCR@SS Program 

PPGE 9 

**-**THESE ORE CROSS SECTIONS HBUYC CUTOFf---PUNLH€D CRRD OUTPUT FOR NMT INPUT-**** 
ELEMENT=82207 

SICMR. 71 
INTERPOLL)TIClN= 8 

POINTS= 111 
HR5S= 0.0 

LERO PEREr ORTR FI 

ENERGY l f v l  CR055 SECTION ENERGY IEVl CROSS 5ECTION ENERGl IEVI CROSS KCTION ENERGY IEVl CROSS SECTION 

n. IDOODE 09 0 . 9 8 ~ 9 ~  OD 
0.80000E 08 0.97576E 00 
(1.70WOE 08 0.96461E 00 
5.GOOOOE 08 0.94309E 00 
O.SDO0OE 08 0.90631E 00 
0.4000M 08 0.88U82E 00 
0.300OOE 08 0.90993E 00 
0.25000E 08 0.91979E 00 
(1. ZGUOOE 08 0. SOBWE 00 
n.18017E C8 0.88r197E EO 
0.17139E 08 0.87U97E 00 

IQ.15508E OR 0.85289E 00 
0.1rl751E 08 0.838wE 00 

0.163133E 08 0.865U5E 00 
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TABLE IV 

Subroutine S@RS f o r  Sample Problem 

SUBROUTINE SORS (NCOLI 
COMMON/COMBN/R 11 0.171 . RLPHFl1601 , RPR. RRG I 1  71 , BETR 1601 . BLZ 

1 COSKS.COSPHl.COSTH.O,DELSIC.DEN (10.171 .UENH 1171 .UKWT. 
2 E12001 , E R N 0 1  .EBl4OI ,EC1200) .EION(10,171 ,EMRX.EMIN(7J. 
3 EP (GO1 .EPRRT 1100.21 .EREC.EX.GAM 1601 .HEVSUM.HSIGG15.17). 

5 MXMAT.N.NRBOV.NAMRX.NAME 12001 .NAMEPI 1401 .NBELO.NBERTP.NE 
6 NEGEX.NEL (171 .NEUTNO.NEUTP.NGROUP.NPIDK.NMED 1200) .NO, 
7 NOBCH.NOC~S,NOHAX.NOPART.NP~RTl6~,NQUIT.OL~WT 
8.SIGG (IO. 17) .SIGMX 17.171 .SlNKS.SIMPHI,SINTH.TIP 12001. 
9 T I PR [YO1 , T IPB (401 , U 12001 , UR 1401 , UB (401 , UMAX. UU. V (2001 . 
I VR I401 , VB IUOI , W (200) e WA NO) , WB (40) . WT 12001 , WTR 1110) . 
2 WT6 11101 , X 12001 , XC (2001 .'I 12001 . T C  (2001 . Z (2001 . ZC (200) . 
3 ZZ 110. 171 .ZPR 

II HSIG. IBERT. ITYP.KIND 1601 ,LELEM.HAT.MRXBCH.MRXCAS, 

1FlNBERTP.LE.OI GO TO 10 
E ( 1 1  = EMAX 
x111 = 0. 
'I [ I I  = 0. 
Z 1 l t  = 0. 
U I I I  = 0. 
V111 = 0. 
w111 = 1. 
WT111= 1. 
T I P ( l I =  2.0 
RETURN 
CRLL MFPO (NCOLl 
RETURN 
END 

12001 , 

lOGUS. 
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TABLE V 

NMT Input 

NMTC SFIMPLE PROBLEM - 1500 MEV P I +  

1500. 15. 15. 
1 8 1 

0. 0. 1 
lOO.0  1 5 

0. 1 I 
82. 207. 0.033 

ON INFINITE pa  SLOB 204 GM./SQ.CM. 
93600R780FDl 

82207 2 8 
0. IOOOOE 09 
0.90000E 08 
0.80000E 08 
0. 70000E 08 
0.60000E 08 
0.55000E 08 
0.50000E 08 
0.45000E 08 
0.44OOOE 08 
0.U3000E 08 
0.42000E 08 
0.U1000E 08 
0.40000E 08 
0.35000E 08 
0.30000E 08 

0. 1 I 
82. 207. 0.033 

0.25599E 01 
0.2738W 01 
0.26499E 01 
0.24603E 01 
0.21299E 01 
0.20570E 01 
0.20300E 01 
0.20580E 01 
0.20569E 01 
0.20356E 01 
0.202UOE 01 
0.20321E 01 
0.20799E 0 1 

26 0.0 ELRS 

0.16303E 08 
0.15508E 08 
0.15000E 08 
0.14751E 08 

82207 71 8 
0.lOOOOE 09 
0.80000E 08 
0.70000E OF3 
0.60000E 08 

0.UOOOOE 08 
0.30000E 08 
0.25000E Ob 
0.20000E 08 
0.18017E 08 
0.17139E 08 
0.16303E 08 
0.15508E 08 
0,14751E OR 

a.sooooE 08 

0.23035E 01 
0.261199E 01 
0.28892E 01 
0.30574E 01 
0.3194UE 01 
0.32499E 01 
0.31691E 01 
0,31467E 01 
0.31100E 01 
0.30227E 01 
0.29365E 01 
O.28797E 01 
0.2843GE 01 

111 0.0  LEflO 

MESONS 
(18 CM. )  

2 
I 1  

1 

1 

1 
T I C  

1 0.98569E 00 
0.9757GE 00 
0.96UGlE 00 
0.94309E 00 
0.90631E 00 
0.88482E 00 
0.90993E 00 
0.91979E 00 
0.90848E 00 
0.881197E 00 
0.87497E 00 
0.86545E 00 
0.85289E 00 
0.83890E 00 

2 MRLE 
XZONE BNOS -10800. 10000" 
YZONE BNDS -10000. e 10000. 
ZZONE BNDS 0. pl 18. 
ZONE 1 1 1  
XBLQK @NOS -1OOG~. , 1 0000 
YBLOK BNOS -10000.. 10000. 
ZBLOK BND5 0 . 4  6 . .  
BLOCK 1 1 1  
MED I R  1 
BLOCK 1 1 2  
MEDIR 2 
BLOCK 1 1 3  
MEOIR 1 

MMTT: SFlMPLE PROBLEM - T H I S  IS THE NMT 
0 NO QUROAIC SURFRCES 

NORMALLY INC 
THICK.TH1S 

25 
0 

PEREY DRTQ 

IDENT 
IS NMT INPUT. 

20 0 
9 
I 

82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 
82207 

82207 
82207 
82207 
82207 
82207 

END OF82207 

a2207 

CRRD 67 
CFlRD 8 
CARD c 
CARD 0 
CARD E 
CRRD F 
CRRD G 

H l  
CRRD I 1 1  

t12 
CRRD I12 

2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
2 10 
2 1 1  
2 12 
2 13 
2 14 
2 15 
2 16 
2 17 
2 18 
2 15 
2 20 
2 21 
2 22 
2 23 
2 24 
2 25 

2 27 
F1 

82207 71  1 
82207 71 2 
82207 71 3 
82207 71 4 
82207 71 5 
82207 71 6 
02207 71 7 

82207 71 9 
82207 71 10 
82207 71 1 1  
82207 71 12 
82207 71 13 
82207 71 14 

END OF82207 71 15 
GEOM R 

82207 71 a 

12. * 18. 

GEOM B 
GEOM C 
CEOM D 
GEOM E 
GEOM F 
CEOM G 
GEOM ti 
GEOM J1 
GEUM K1 
GEOM .J2 
GEUM K2 
GEOM J3 
GEOM K3 
GEOM Q 

INPUT TO TRRNSPORT MUONS. CURD R 
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279973408 I 15 
1533. 

1 
0. 

0.0 
0. 

82. 
0. 

82 I 

2 
XZONE 
YZONE 
ZZONE 
ZONE 
XBLOK 
YBLOH 
ZBLOK 
BLOCK 

0.8857 
9 

0. 
0 
1 

207. 
1 

207 - . .  

MRLE 
BNDS - 10000.. 
BNDS - 10000. , 
BNDS 0.. ~~. 

1 1 1  
BNDS - 10000. , 
BNDS -10000.. 
BNDS 0.. 

1 1 1  

TABLE V (Cont'd.) 

NMT Input 

15. 
0 

2 
1 1  

1 
0 0 
0 

0.033 0 
0 

0.033 0 

10000. 
10000 * 

18. 

CRRD B 
CRRO C 

25 20 0 CRRD D 
CARD E 

BLHNK 

0 2 
1 CRRD F 

CRRD G 
H1 

CFlRD 1 1 1  

MEOIA 1 
BLOCK 1 1 2  
ME0 I A 2 
BLOCK 1 1 3  
MEDIFl  1 

0 NO QUADRIC SURFACES 

10000. 
1 0000. 

6.. 12.. 18. 

H2 
CFlRD I12 
GEOM A 
GEOM B 
GEOM C 
GEOM 0 
GEOM E 
GEOM F 
GEOM G 
GEOM H 
GEOM J1 
GEOM K 1  
GEOM J2 
GEOM X 2  
GEON J3 
GEOM K 3  
GEOM 0 



TABLE VI 
NMT Output 

NHTC SFIMPLE PROBLEH - 1500 HEv PI+ MEWS NORMRLLT INCIDENT CRRO A 

0N INFINITE PB SLAB 2OU CM./SQ.CM. (18 CM.1 THICK.1HIS IS NHT INPUT. CRRO e 

INITIFU. RRNDOH M. 93600A78OFOI 

20 E M X  =0.1500E OU €LOP -0.1500E 02 ELWJ =0.1500E 02 MXWT = 2 MflXCRS = 25 MRXI%H = 

NOUlT = I NEUTP = 8 NBERTP = I NPOWAZ = 1 1  NPIDK = 0 NHSTP = 9 

AND1 T-0.0 CTOFE=O. 0 NLCOL- 0 NEXITES 1 NKUDO- 1 

ELAS *O.IOOOE 03 NUELRS 2 1 NELSTP = 5 NLEDtT - I 

0.66MOE-2S HSlGnX 0.295M#-2I( O.lY600E-23 0.2003OE-24 0.0 

THIS IS l!€DIWi I 

82207 2 8 26 0.0 ELQSTIC 

0 , IOOOM 03 0.2559% 01 
0.9OOOOE 02 0 . 2 7 m  01 
0.80000E 02 0.7611% 01 

0.600M1E 02 0.21299E 01 
0.S5OOOE 02 0.20570E 01 
0.5OOWE 02 0.20300E 01 

O . ~ O ~ O D E  02 0 . 2 ~ 6 0 3 ~  01 

0.U500M 02 0.20580E 01 
0.UUOOoE 02 0.20569E 01 
0.U300DE 02 0.20356E 01 
0.U200oE 02 0.202UM 01 
O.UI03M 02 0.20321E 01 
0.UOOoof 02 0.2079% OL 
0,35000E 02 0.2305E 01 
0.3000oE 02 0.26U99E 01 
~1.c750M 02 0.28892E 01 
0.25U00E 02 0.30574E 01 
0.22500E 02 0.319UUE 01 
0..?0000E U2 0.32U99E 01 
0.18017E 02 0.31691E 01 
0.17SOfE 02 0.31467E 01 
0.17139E 02 0.3rlWE 01 
0.163036 02 0.30227E 01 
0. lSSO8E 02 0.29365E 01 
0.15000E 02 0.28797E 01 
fl.IU751E 02 0.2W36E 01 

82207 71 a iu 0.0 LERD PEwi M ~ T R  

O.lOOOOE 03 0.9856% 00 
0.BOOOOE 02 0.97576E 00 
0.70000E 02 0.96U61E 00 
0.6000M 02 0.9U309E 00 

FI 

0.5OOOOE 02 O.90631E 00 
0.UOOOE 02 0.88U82E 00 
0.300or3E 02 0.90993E 00 
0,250OE 02 0.91979E 00 
o.xlooo~ nz n.9oam 00 
0.18017E 02 0.88U97E 00 
0.17139E 02 0.87U97E 00 
0.16303E 02 0.86WK 00 
0.15508E 02 0.85289E 00 
0 . 1 4 7 ~ 1 ~  02 o . 8 ~ 1 9 0 ~  oa 

'GEOMETRIC'CAOSS SECTIONS FOR NlKLlMS I -  I IN  MEOlWl I IN RECIPRQAC CENTIHETERS 

0. BlOUE-01 

MF(XIHUM HXDAUGEN CRo55 SECTIONS FOA PWTICLE TTPES 1 THROUGH 5 IN MEDIUM I IN RECIPROCRL CENTIMETERS 

0.0 0.0 0.0 0.0 0.0 

TRflNSPMIT CROSS SECTIONSITHE SUn d ' G E M T R I C '  XSECTS+WX HYDROGEN XKCT*MAX OEClir XSECTI FOR PFlRTICLE 
TYPES I THROUGH 7 IN MDIW 1 IN  RECIPROCIX CENTIMtERS 
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TABLE VI (Cont ' d .  ) 

NMT Output 

'GEM(ETR1C'CR055 SECTIONS FOR NUCLlOES I -  I tN K0II;M 2 I N  RECIPROCRL CENTIMETER5 

0.BlOUE-01 

MRXlflWl HTOROEN CROSS SECTIONS FOR PAATICLE TIPES 1 THROUGH 5 IN NEOIUH 2 I N  RECIPROCRL CENTIMETERS 

0.0 0.0 0.0 0.0 0.0 

TRWSPORT CR05S SECTICNSITHE 5uK (F '(;Et?AETRiC' XSECTS*WX HYDROGEN XKCT*P(RX OECRr XSECTl FOR PRRTICLE 
TYPES I TWOUGH 7 I N  MIOluW 2 IN RECIPRBCRL CENTIMETERS 

0.81WE-01 0.8lWE-01 0.8806E-OI 0.0 0.8806E-01 0.8885E-0!4 0.8855E-011 
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TABLE VI (Cont'd.) 

NMT Output 

2 HALE 
XZONE BNOS -0.1GOOOO 05. 0.100000 OS 
Y Z M K  BNDS - 0 . 1 0 0 0 0  OS. 0.1DOQo 05 
.?.?ONE ENDS 0.0 . 0.18OOoD 02 

.?OM 1 1 1  
XBLOW BNOS -0. IDOW30 05, 0.lMloao 05 
YBLOn BNDS -0. IO000 05. 0.lOOoDD 05 
ZaLOK BNOS 0.0 . 0.6ooWx) 01. 0.lMOoD 02. 0.180000 02 

BLOCK 1 1 I 
ME0 I A I 

BLOCK 1 1 2 
MEOIA 2 

B C M K  1 I 3 
HEOKR I 

0 tUYWROf3IC W M E S  

EN0 BATCH 1 

END BATCH 2 

EM) BATCH 3 

END BRTCH '4 

END BATCH 5 

END BATCH 6 

EM) BATCH 7 

END BRTCH 8 

EN0 BRTCH 9 

ENO BATCH 1 0  

END BRTCH 11 

END BRIICH 12 

EN0 8HTCH 13 

ENU ERTCH 19 

tNO 6HTCH 15 

END BHTCH 16 

EN0 BRTCH 17 

END 8RTCH 18 

END DRTCH 19 

END BRTCH 20 

OSA K U l R O N S  PROOUCEO I N  THIS BATCH 

056) NEUTRONS PROOUCED IN THIS BOTCH 

OSR HEUTRBNS PRMllKEO I N  THIS BOTCH 

OSR NEUTRONS PRODUCE0 I N  THIS WTCH 

m wurms PRBOUCEO I N  THIS m m  
0'3 HEUTRDNS PRODUCED I N  THIS BRTCH 

OYI HEUTRDNS PAOOUCEO I N  THIS BRTCH 

05R NEUTROWS PRWUCEO I N  THIS BATCH 

[KR NEUTRONS PAMJLICEO I N  THIS BRTCH 

O5R NEUTRONS PRODUCEO IN TH15 BATCH 

0% NEUTAONS PRODUCED 1N THIS BATCH 

OSR NEUTRONS PROOIJCEO I N  THIS BRTCH 

05R NEUTRONS 3ROWCEG I N  MI5 BHTCH 

05R NEUTRON5 PRODUCED I N  THIS BATCH 

0SR NEUTRON5 PRODUCEU I N  THIS ERTCH 

05R NEUTRONS FRODIJCEO I N  THIS BOTCH 

05R NEUTRONS PRODUCED I N  THIS BRTCH 

05R NEUTRONS PRODULEO I N  THIS BRTCH 

U5R NEUTRONS PRODUCED I N  THIS BRTCH 

OSR NEUTRONS PROOUCEO I N  THIS BRTCH 

6U9 

806 

u93 

577 

UllO 

710 

71'4 

358 

882 

7u5 

751 

55 7 

758 

561 

U16 

526 

698 

510 

642 

G37 

CUIWLRTIVE HO. CRSCROES COMPLETED 

CUMULRTIVE NO. CRSCADES COHPLFTED 

CUFIMRTIVE NO. CRSCMJES COMPLETED 

CUMULATIVE NO. C A S C l m S  COMPLETE0 

C U H U A T I Y E  NO. CRSCROES COMPLETEO 

CUMULATIVE NO. CASCROES COMPLETED 

CUMULATIVE NO. CFISCIWES COMfl-ETEO 

CUflULATIVE NO. CASCRES COMPLETED 

CUHULRT 1 VE NO. CRSCADES COMPLETED 

CUMULATIVE NO. CRSCAMS COMPLETEU 

CUMULRTIVE NO. CRSCROES COMPLETEO 

CIJMULRTIVF NO. CRSCROES COMPLETED 

CUMULRTIVE NO. CRSCRDES COMPLETED 

CUMIJLQTIVE NO, CRSCRMS COMPLETEO 

CfJMULRTf VF NO. CHSCRDEES COMPLETED 

CUMULI-)TIVE NO. CRSCRDES COMPLETED 

CunuLFtrivE NO. CRSCHOES COMPLETED 

CUML'LRTIVE NO. CRSCROES COMPLETED 

CUMULRTIVE NO. 1:RSCRDES COMPLETED 

CIJMIULRTIVE NO. CRSLRDES COflPLETEO 

25 

50 

75 

100 

125 

150 

1 75 

200 

225 

250 

275 

300 

325 

350 

3 75 

400 

425 

u 50 

u 75 

500 

RERL PSEUDO HERL PSEUDO PSEUDO FERL PSEUOO 

YONHlDROG NONHYORCG H?DROGEN HlDROGEN DFCRY ELRST IC ELRST IC 

COLL ISIObi5 re1 L I5IW5 COLL I S 1  ON5 COLL 1510NS COLL I51ONS COLLISIONS COLL 1S1flNS 

MEDIUM I 0.IO2OOE 04 0.U3700E 03 0.0 0.0 0.46000E 02 0.1010oE 03 0.69600E 03 

MEDILJH 2 0.59r100E 03 0.26S00E 03 0.0 0.0 0.17OOlX 0 2  0.59OOoE IO2 0.3750OE 03 

?XU00 COLLISIONS HITHlN INTERNAL V O l O  8 f  PRRTICLES M 

TYPE I TYPE 2 TYPE 3 TlPE u TrPE 5 TTPE 6 TYPE 7 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

END OF RUN NECEX = 0 LDWRZ = 0 

TIME= 5 MINUTES 513.70 SECGNOS 

F I M L  RRNOOM NO. = C441FFBUijCOD 
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TABLE VI (Cont'd.) 

NMT Output 

NMTC SRMPLE PROBLEM - THIS IS THE NMT INPUT TO TRRNSPORT MUONS. CRRO R 

BLWK CRRD B 

INlTlRL RRNOOM NO. 279973U08115 

20 25 MRXBCH = EMRX -0.1533~ ou ELOP =O.B~S~E 00 ELON =O,ISOOE 02 MXWT = 2 WRXCAS = 

NOUIT = I NEUTP = 9 NBERTP = 0 FlPaplRZ * I I  WlOK - 0 NWSTP = 2 

FIND I T =O. 0 CTOFE-0.0 NIC(SL= 0 NEXlTE= I NKUW= I 

ELRS =o.o NOELRS = 0 FELSTP 0 NLEOIT = 0 

THIS IS i C D I U n  I 

OENHl 11 -0.0 NELl I I  = I NOEL1 I I  - 0 
Z Z I  I .  I 1  82.0 R l  I .  11 = 207.0 OENl I .  I 1  - 0.33ooOoE-01 I D 1  1. I I  * 0 

THIS IS MEDIUM 2 

O E N t i l  21 =o.o NEL I 21 = 1 N Q L  I ,?I - 0 
221 I. 21 = 82.0 R I  I .  21 = 207.0 E N 1  I. 21 0.330000f-01 I O 1  1. 21 0 

'CEMTRlt'CROSS SECTIONS FOR M I C L I E S  1- 1 IN ME0lI.H 1 I N  RECIPROCAL CENTIMETEAS 

0.0 

0 .0  

MRXlMUM HYDROGEN CROSS 5ECTlONS Fm PRRTICLE TlPES I THAOUCH 5 I N  MEDIUM 1 IN RECIPROCRC CENTIMETERS 

0.0 0.0 0.0 0.0 0.0 

TRANSPORT CROSS SECTIONS ITHE SUM OF 'GEOMETRIC' XSECTS*WIX HrDROGEN XSECT+MRX OFCRT XSECTI FOR PRRTICLE 
TTPES I THROUGH 7 IN rXOlUn 1 IN RECIPRDCR CENTIHETERS 

0.0 0.0 0.2902E-01 0.0 0.290X-01 0.3673E-03 0.3673€-.03 

'GEWETRIC'CROSS SECTIONS FOR NUCLIDES 1 -  1 I N  HEDlUH 2 IN RECIPROCRL CENTIMETERS 

MFiXIMUM HlOROGEN CROSS SECTIONS FOR PRRTICLE TYPES 1 THROUGH 5 IN MEDIIJM 2 I N  RECIPROCRL CENTIMETERS 

0.0 0.0 0.0 0.0 0 . 0  

TRRNSPORT CdOSS SECTIONS ITHE SUM OF 'GEOMETRIC' XSECTS+HRX HYDROGEN XSECT+MRX DECAT XSECTI FOR PRRTLCLE 
TYPES 1 THROUGH 7 IN HEOlUM 2 IN RECIPROCRL CENTIMETERS 

0.0 0.0 0.2902E-01 0.0 0.2902E-01 0.3673E-03 0.3673E-03 



TABLE VI (Cont'd.) 

NMT Output 

XZONE BNOS -0.100000 05. 0. IOOOM) 05 
1ZONE BNOS -0.100000 05. O.IOOM30 05 
ZZONE EN05 0.0 . 0.18OoM) 02 

ZOFP 1 1 1  
XBLOK ENDS -0.100000 OS. 0.100000 05 
~ L O K  ENDS -0. ioonoo 05. 0. IOOWI os 
ZBLOK ENDS 0.0 , 0.~000on 0 1 .  o.12000~ 02. O.IRDOOD 02 

BLOCK 1 1 1 
MED I f4 1 

BLOCK 1 I 2 
MEDIA 2 

BLOCK 1 I 3 
K O I R  1 

0 NO OURORIC SURFCKES 



TABLE VI (Cont 'd . )  

!!DIT Output 

AEROING LOG. 9 AS NPIT TOPE 

MRXBCH MRXCRS MXMRT NGROUP NpIO?l ' NlCOL NQlJIT NEXITE NSPREO NWSPRO NSEUDO NBERrP I 0 0 i I 20 25  2 2048 0 0 1 

EMRX 0.1500E OU 

CUTUFF ENERGIES FUR TIPES 1 -7  
0.1500E 02 0.1500E 02 0.2232E 01 0.2156E 01 0.2232E 01 0.1693E 01 0.1693E 01 

MEDIUM I 

NUCLIDE NO. 
1 

2 NO. 
0. R2OOE 02 

R NO. 
0.2070E 03 

'GEOHETRIC' XSECT IPER CMl 
0.8104E-01 

TPRNSPORT XSECTS FGR PRRTICLE TlPES 1-7 I N  MEDIUM I [ N  PER CM 
0.8806E -01 0.8885E-011 0.8885E-Oq 0.8104E-01 O.81O?IE-Ol  0.8806E-01 0.0 

MAX HYDROGEN XSECTS FOR PMITICLE TIPES 1-5 IN NEDIUH I I N  PER CM 
0.0 0.0 0.0 0.0 0.0 

MEDIUM 2 

NUCLIDE NO. Z NO. R NO. 'GEOMETRIC' XSECT IPER CHI 
0.82Oof: 02 0.2070E 03 0. BIOUE--OI 1 

TRRNSPORT XSECTS FUR PRRTICLE TlPES 1-7 I N  M O I U M  2 I N  PER CN 
0.8104E-01 0.810UE-01 0.8806E-01 0.0 O.BBO6E-01 0.8885E-04 0.8885E-Oq 

END BRTCH I 

END BRTCH 2 

END BRTCH 3 

EN@ HRTCH (1 

FN'I %TCH 5 

E N D  BRTCH 6 

EN@ BRTCH 7 

tND BOTCH 8 

END BRTCH 9 

END BRTCH 10 

END BRTCH 1 1  

EhO BRTCH I 2  

END RRTCH 13 

EN@ BRTCH 14 

EkO 8RTCH 15 

END BRTCH 16 

ENO BRTCH 1 7  

EN0 BRTCH 18 

EPJO EIRTCH 19 

ENU BRTCH 20 

MOK HYOROGEN XSECTS FOf3 PRRTICLE TTPES 1-5 I N  HE0IL;M 
0.0 0.0 0.0 0.0 

2 I N  PER CM 

05R NEUTRONS PRODUCED I N  THIS BRTCH 

05R NEUTRONS PRODUCED I N  THIS BRTCH 

OSR NEUTRONS PRODUCED I N  THIS BRTCH 

O5R NEUTRONS PRODUCED I N  THIS BRTCH 

0% NEUTRONS PRODUCED i N  THIS BRTCH 

05R NEUTRONS PROOUCFD I N  THIS BRTCH 

05R NEUTRONS PRODIJCEO I N  T H I S  CRTCH 

OSR NEIJTRONS PRODUCED I N  THIS BRTCH 

DSR NEUTRONS PRODUCEO I N  THIS BRTCtt 

0% NEUTRONS PRODIJCEO I N  TH15 BRTCH 

OSR NEUTRONS PRODUCED I N  THIS BRTCH 

OSR NEIJTRONS PRODUCED I N  THIS BRTCH 

OSR NEUTRONS PRODUCED I N  THIS BRTCH 

OSR NEUTRONS PRODUCED I N  THIS BRTCH 

0% NEUTRONS PRODUCEO I N  THIS DRTCH 

OSR NEUTRONS PRODUCED I N  THIS BRTCH 

05R NEUTROIJS PROOUCEO I N  THIS BATCH 

OSR  NEUTRON^ PROOUCED ;N rHiS  m r c H  

05R NEUTRONS PRIIOIJCED I N  TI415 BRTCH 

OSR NEUTRONS PilOOUllEO I N  THIS BRTCH 

RERL P5ElJOO RERL 

*IONHrOROG NONHrORUG H rCROGEN 

COLLISIONS COLLISIONS COLLISIONS 

MEDIUM I 0.0 0.0 0.0 

0 

0 

0 

a 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.0 

CUMIJL.RTIVE NO. CRSCRDES COMPLETED 

CUMULRTIVE NO. CRSCODES COMPLETE@ 

CUMULRTIVE NO. C R X R D E S  COMPLETED 

CUMULOTIVE NO. CRSCQOES COMPLETED 

CIJMULRTIVE NO. CRSCRDES COMPLETED 

CUMUI.RTIVE NO. CRSCFIOES COMPLETED 

CUMULRTIVE NO. CRSCROES COMPLETED 

CUMULRTIVE NO. CRSCROES COMPLETED 

CUMULATIVE NO. CRSCRDES COMPLETED 

c u ~ u L R r  I v E  NO. CRSCRDES COMPLETED 

CUMULRTIVE NO. CRSCRDES COMPLETED 

CUMULG'IIVE NO. CRSCROES COMPLETED 

CUMULRTIYE NO. CRSCROES CONPl €TED 

CUMULRT I YE NO. CRSCRDES COMPLETED 

CUMULUTIVE NO. CRSCROES COMPLETED 

CUMULRTIVE NO. CRSCRDES COMPL.ETED 

CUWJLATIVE NO. CRSCRDES COMPLETED 

CUHULATlVf NO. CRSCRDES COMPLETED 

CUMULATIVE NO. CRSCRDES COMPLETED 

CUMULRTIVE NO. CRSCRDES COMPLETE0 

PSEUDO PSEUOO RERL. 

HIDROCEN DECRI ELRST IC  

CDLL I5 I ONS COLL IS ION5 COLL IS ION5 

45 

8 2  

1 I3  

151 

194 

2 38 

280 

318 

360 

3911 

?139 

47  I 

515 

554 

580 

610 

6119 

678 

712 

7511 

PSEUDO 

ELRST I C 

COLL IS1 ONS 

0.0 0.0 0.0 0 .0  

H t l l l I J H  2 0 . 0  0.0 0.0 0.0 0.lOOOOE 01 0.0 0 . 0  
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TABLE V I  (Cont'd,) 

NMT Output 

PSEUW COLL1SIoNS WITHIN lNTERFlAL VOID El1 PRRTICLES DF 

TtPE I T l P E  2 T V E  3 TYPE 4 TVPE S TYPE 6 TYPE 7 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

€NO of RUN NEGEX = 0 LOWRZ = 0 

TIHE= 12.05 SECONDS 

FINRL RANDOM NO. = UZFF138551fl 

JO8 TERMINRTEO BY REROING EN0 OF FILE ON LOG. 5 
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TABLE VI1 

Listing of NMT Arialysis Program 

C NMT RN9I.Y S I S- SRMPLE PROBLEM 
DIMENSION PC 14.2,71 .PCUR 14.2.71 .PCUF12 14.2.71 
COMMON/LRBEL/ 

1 NHST .N. IN, IO.NCOL.NOCRS.NRME,MflT.NMED,LEM. NOPART.NRBOV 
2. NBELO.MRXBCH.M~XCAS.MXMFIT,NGR~UP.NPIDK,NlCOL,N~UIT,NEXCT 
3. NPRRT (61 . NEL 18) . NRMER 1110) 
4 . X.Y.~.XC.Y~,ZC.~L~WT.WT.E,EC,U,V,~,TIP,AP~,ZPR.~REC,EX 
~.HEVSUM,UU.EM~X.WTEVFIP,~~ l IO. l6 I  ,R(10.161 .SIGGI10.171 .SIGMX17.171 
G.HSIGGI5.171 ,TIPA(40)  .EA(UO) . U Q N O )  .VFIIUO) .WRI110) .WTQI401 
7. T I B  N O )  .€B 1401 .UB (401 .VB I40) .WB (40) .WTB IUUI .EPFIRT 1100.21 .EMIN 171 
8.BOLD.BLZ.HEPRRT ( 1 O O . M  
IN=S 
i o=S 

1 RERO IIN.2.END=9991 NHSV 
2 FORMAT I I IO) 

10 CRLL REUNEIT 
NCL = NCOL + 5 
GOTO l7U.60.25,20.25,10.10. 10.110, IO. 10.110.251 .NCL 

C NCOL = --4.-3.-2,-1. 0. 1.  2. 3. 4. 5. 6. 7. 8 
20 DO 22 I = l . U  

DO 22  J=1.2 
DO 22 K=1,7 
PC1I.J.KI = 0. 
PCURlI.J.KJ = 0. 

22 PCURZII,J.KJ= 0. 
PBCH = FLOFIT IMRXCASI 
BCHS = FLOFIT (MFIXBCHI 
GO T O  10 

25 WRITE I IO. 261 NCOL 
26 FORMRT (1HI.  ' NCOL = ' , IS.  ' I N  NFIIN'I 

CRLL ERROR 
RETURN 

I F  IN1 42,LaS,47 
40 NTYP = I F I X I T I P I  + 1 

42 NSIGN = 1 
GO TO 49 

GOTO 10 

45 WRITEII0.46) W 
4G FORMRT 11H1. ' W = '.E17.7. ' I N  MFIIN'I 

47 NSlGN = 2 
49 I Z  = I F I X (  ZU6.0 I + 1 

PC (IZ.NSIGN.NTYP1 = PC lIZ.NSIGN.NTYP1 + WT 
GO TO 10 

GO 00 65 I=1.4 
DO 65 J = l . 2  
DO 65  Kz1.7 
PCURI1.J.K) = PCUR1I.J.KI + PClI .J.Kl /PBCH 
PCUR2 [I, J. K l  = PCUR2 I I e J. K l  + (PC I I ,  J. K l  IPBCI-II *a2 

GO TO 10 
70 BCHSS = BCHS -1 

I F  lBCHSS.EO.O,l BCHSS =1  
DO 75 1=1,4 
DO 75 J = l . 2  
DO 75 K=1.7 
1FlPCURII.J.KJ.EQ.U.J GO TO 75 
PCUR2 (I, J. K l  -L lPCUR2 I I a J, K l  /BCHS 

65 PC ( I .  J,KI = 0. 

- lPCUR ( 1 .  J. K l  /BCHSl **21 /BCttSS 
C SRMPLE VRRIANCE ITRERTINC EACH BFITCH WS A SFIMPLEI. 

PCUR(I.J,KI = PCURII.J.KJ/BCHS 
PCURZlI .J.Kl= 1OO.m S O R T (  FIBS( PCURZ~T.J .K IJ l /PCURl I .J .HI  

c RELRTIVE STRNQRFKI DEVIATION EXPRESSED PERCENT. 
75 CONTINUE 

80 FORMAT (1HI.  1'4X. ' NMT OUTPUT FUR SAMPLE PRORLEM'/ 8X, ' PARTIRL CU 
lRRENTS FIT Z = 0.6.12. FIND 18 CM.'/llX, ' I N  RN 18 CN. THICK I N F I N l  
2TE PB SLnS'/5X. 'UNITS- IPRRTICLES/CM2/SECI / (INCIDENT PI+/CM2/SECI ' 1  

WRITE IIC1.8Ol 

WRITE 110,821 
82 FORMFIT IIHO. 17X. ' PFIRTICLE IOENTIFICF+TION'/ l lX.  'I-PROT.2-NEUT.3-PI+ 

1.5-P1-.6-MU+.7-MU-'l 
N l = l  
N2-5 
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TABLE VII (Cont'd.) 

Lis t ing  of NMT Analysis Program 

NBERTP=N 
IFINBERTP.GT.01 GO TO 85 
N1 = 6 
N 2  = 7 

1 ' I  
18. 

85 WRITE IIO.861 
86 FORMAT(lH0. ' 2  POS. (CMI 0.0 6.0 12. 

DO 100 NTYP = N1.N2 
1FINTTP.EQ.U) GO TO 100 
WRITE lfO.87) NTYP,EMININTYPI 

87 FCJRMRT (1HO. 2X. ' PQRTICLE TYPE = '. 12. UX, ' CUTOFF ENERGY = ' . E l  1. 
13. ' MEV') 

88 

89 
90 
95 
96 

100 

999 
1000 

DO 95 NSIGN =l .2  
IF (NSIGN.GT. 11 GO TO 89 
WRITE (10,881 
FORHAT(lH0.15X.' NEGRTIVE PQRTIQL CURRENTS'I 
GO TO 95 
WRITE 110.901 
FORMFlT (IHO, 15X. ' POSITIVE PQRTIQL CURRENTS'I 
WRITE(IO.961 IPCURII.NSIGPJ.NTYPI . l = l . U l ,  ~PCUR2(I,NSIGN,NTYPI, 1=1.4) 
FORMRT (1HO. ' VRLUE '.UE12.W' AEL. ERROR'.UE12.31 
CON1 I NUE 
GO TO 1 
WRITE (IO.10001 I N  
FORMAT IlHO. ' ENDFILE RERD ON LOG. UNIT', 1111 
CALL EXIT 
RETURN 
END 



TABLE VI11 

NMT Analysis inpu t  

9 
2 



TABLE IX 

NMT Analysis Output 

REWING LOG. 9 W5 NllT TAPE 

CUTWF ENERGIES FOR TYPES 1-7 
0.lVloE 02 0.15OoE 02 0.22325. 01 0.2156E 01 0.2232E 01 0.1693E 01 0.169X 01 

MOfun I 

NUCLIOE NO. 2 NO. a NO. 'GEOMElRIC' XSECT PER CHI 
I 0.8XtOE 02 0.207OE 03 0.8lOrlE-OI 

TAANSPORT XSECTS faS PIWT1Cl.E TYPES 1-7 IN rrEOIUn 1 IN PER Cn 
0.8IWE-OI 0.810YE-01 0 . 8 m - 0 1  0.0 a.%easE-ol 0.88eK-Ou 0.888SE-al 

w(x HYOROCEN XKCTS Fm PFYITICLE TYPES 1-5 IN HOIU) i IN PER cw 
0.0 0.0 0.0 0.0 0.0 

W L l M  No. Z N O .  F) m. 'GEdnETRlC' XSECT P E R  13) 
I 0.820OE 02 0.20ME 03 0.81orlE-01 

TWM~SPOAT XKCTS FOR P~RTICLE npEs 1-7 IN n~oiun 2 IN PER CH 
0.8IWE-01 0.8lWE-OI 0 . m - 0 1  0.0 a.BBo6E-m O . ~ S E - O U  O.BBBK-W 

w ( X  HYwraEN X5ECTS FOR W T I C L E  TYPES 1-5 IN ROlW 2 I N  PER CM 
0.0 0.0 0.0 0.0 0.0 



TABLE TX (Cont'd.) 

NMT Analysis Output 

E#T WTPUT FOE SRMPLE PROBLEfl 
BARTIR CURRENTS AT z = 0.6.12, wo ia CH. 

IN RN 18 CM. M C K  INFINITE PB SLRB 
UNITS- IPAATICLES/CI(ZISECI I lINCKDENT PI*/CH2/SECI 

PWTICLE IDENTIFICATION 
1 -PROT. 2-MUT. 3-P1*. 5-PI -. 6-HU". 7-Hu- 

2 POS. lcnl 0.0 6.0 12. 19. 

PRRTICLE T7PE - 1 CUTOFF EMffiY - 0.1W 02 n E Y  

FIEMITKYE P W I T I R  C W N T S  

vF4Ll.E 0.1199E-01 0.5992E-02 0.399%-02 0.0 
0.U126E (K 0.72L 02 0. 

WflTIM P&3T%l C W l d T S  

VRUE 0.0 O,lO$eE m 0.113E w 0.798I-01 
E L .  E m  0.0 U.1W 02 0.115E 02 0.1m 0.2 

P#IlICLE TYPE - 2 CUTOFF EPKRGT = 0.IYIE 02 REV 

MGRflM PRRTIFIL CLlRMNTi 

m 0 . m  00 0.3770~ m 0 . m ~ ~  00 0.0 
M L  . 0.5NE 01 O.lOX 0 2  0.171E 02 0.0 

W f I T l V E  PRRTIAL CURRENTS 

0.622% a3 0.8265E 00 0.8263E 00 V%U€ 0.0 
FEL. E r n  0.0 0.RRfE 01 0.656E 01 0.53UE 01 

PRBTICLE TYPE - 3 CUTOFF EWERGT = 0.223E 01 E V  

N G R T I V E  PRRTER CURAENTS 

VfUUE O.IZM7E-01 0.99S7E-02 0.9968E-02 0.0 
REL. ERRBR 0.37aF 02 0.397E 0 2  0,397E 02 0.0 

POSITIVE P I W T I X  CUWENTS 

VRLUE 0.0 0.7797~ 00 0 . 5 8 7 5 ~  00 o.wz 00 
R E i .  ERRDA 0.0 0.222E 01 0.356.5 01 0.SSIE 01 

PHRTICLE TYPE = 5 CUTWFF ENERGT = 0.223E 01 MEV 

N C R T I V E  PARTKRC CURRENTS 

VRLUE 0.1199E-01 0.1933E-02 0.0 0.0 
REC. ERROR 0.U26E 02 0.lUOE 03 0.0 0.0 

P05171VE PWRTIFV CURRENTS 

VCICW 0.0 0.9977E-02 0.1198E-01 0 .159W-01 
REL. EAROW 0.0 0.45% 02 0.5116E 02 0.52SE 02 
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TABLE IX (Cont'd.) 

NMT Analysis Output 

REROINC LOG. 2 As NMT TRPE 

EWAX 0.1533E 04 

CUTOFF E N R G I E S  FOR TYPES 1-7 
o . e e s 7 ~  co 0 . 1 ~ 0 0 ~  oz 0.1318E w) 0.1273E 00 0.1318~ 00 0 . ~ 0 ~ 0 ~  w 0. IOOE DO 

MOlUM I 

NUCLIDE W. 2 NO. R No. 'GEOMETRIC' XSECT (PER CH) 
1 0.B;KME 02 O.207M 03 0.0 

TWNSPORT XKCTS FOR PRRTICLE TTPES 1-7 I N  MEDIUM L IN PER CM 
0.0 0.0 0 . m - 0 1  0.0 0.2902E-01 0.367X-03 0.3673E-03 

HRX HYDROtEN XSECTS FOR PFRTICLE TYPES 1-5 I N  ROILH I I N  PER CH 
0.0 0.0 0.0 0.0 0.0 

flE0lun 2 

N K L I O E  NO. 2 NO. R NO. ' G E M T R I C '  YSECT IPER Cfll 
I 0.8200E 02 0.2070E 03 0.0 

TRCWSPORT XSECfS FOR m T I C L E  TYPES 1-7 IN E O I U M  2 IN PER CH 
0.0 0.0 0.2902E-01 0.0 0.2902E-01 0.3673E-03 0.3673E-03 

wx HYDROGEN XSECTS FOR PRRTICLE TYPES I-s IN MOIUM 2 IN PER cn 
0.0  0.0 0.0 0.0 0.0 



TABLE IX (Cont’d,) 

Nit' Analysis Output 

NMT OUTPUT FOR S H P L E  ffiffBCEM 
PRRTlRL CURRENTS AT 2 = 0.6.12. RFIO 18 CM. 

I N  I1N 18 CM. THICK :NFINITE PB SLAB 
UNITS- (PRRT ICLES/CIV/SEC) / INCIDENT PI*/CMZ/SECt 

PFIRTICLE IDEFITIF ICRTI f fN 
1 -PROT.Z-NEUT. 3-P1*. I -PI -. 6--HU*. 3-W- 

2 POS. ICMl 0.0 6 .0  12. 18. 

P W T I C L E  T l P E  = 6 CUTDFF ENERGY = 0.IGiX 00 HEW 

NEGCITIVE PARTIFL CUAAENTS 

O . I S I E - O ~  O.SI)TE-OU 0.0 0.0 
E L .  ERRDR O.WYE 02 0.551E 02 0.0 0.0 

POSITIVE PWTIAL C W N T S  

V R U E  0.0 0.6534-03 0. IMUE-02 0 . 1 5 7 7 E - 0 2  

PARTICCE TYPE = 7 CUTWF ENERGY - 0.1w w H E V  

REL. E m  0.0 0.6LIE 01 0.48% 01 0.372E 01 

W X T I Y E  PFIRTIRL CURRENT’, 

VIVUE 0.507E-OU 0.23706-@t 0.0 0.0 
PEL. E 0.567E 02 0.IDIX 03 0.0 0.0 

P851TIVE PWTIRL CURRENTS 

VCKW 0.0 0.0 0.353OE-04 0.7218E-OU 
Rfc. ERROR 0.0 0.0 0.700E 02 0.71K 02 

E W I L E  READ (Ip( LOG. UNIT 5 
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TABLE X 

Input for XSECT Program 

2 6U 
82207 1 2 . 
82207 9 

2 611 
82207 1 2 
82207 9 

1 
82207 611 

CODE 6 
PB SYSTEM DATR FOR NMTC SFIMPLE PROBLEM. 

.033 

.033 

2 Z.5E 07 5.E-Dl 

.033 
I 033 
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TABLE XI 

Output fram XSECT Program 

M Y  23 1%0 

CUOE 6 SYSTEMS DCITA TAPE 

PB SYSTEM DRTR FOR NMTC SWLE PROBCEM. 

MEO1R- 2 E T W =  0.25OOOE OB €CUT= 0.5QOOOE 00 

MEOlUH I POINTS 6’4 
ELEtENT DENSllY 5lGFHK 

82207 0.03300000 1. 2. 0. 0. 0 
82207 0.03300000 9. 0. 0. 0. 0 

MEDllJN 2 POINTS 6U 
ELCENT DENSlTY SIGmrS 

82207 0.0330ooM) 1. 2. 0. 0. 0 
82207 0.03300000 9. 0. 0 .  0. 0 

1 F1 XRTTERERS ELEHEMT POINTS 
82207 €44 

R - r n  

END OF FILE AEnO ON INPUT TRPE 
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TABLE xIi 

(65R Input 

NMTC SFIMPLE PRO€3.-1500MEV P1+ MESONS ON PB.THIS IS 0% INPUT. 
900 1200 20 1 0.5 I 

2 1  
1 0  

207. 
2.71 

1 0  
207. 
2.71 

- 1  
0 0  
O D  
2 

XZONE 
TZONE 
ZZONE 
ZONE 
XBLOK 

ZBLOK 
BLOCK 
MEDIA 
BLOCK 
MEOIR 
BLOCK 
MED I R 

0 
8 

r m x  

3 

0. 
0.98U 0. 

0. 
0.9811 0. 

B L M  
B L W  

10100100111001000100000000ooO0000000 

0 0  
0 0 0 0  

MFILE 
BNDS - 10000. . 
BNDS -1OOOO., 
BNDS 0.. 

1 1 1  
BNDS - 10000. . 
BNDS - 10000. . 
BNOS 0.. 

1 1 1  
1 

2 
1 1 2  

1 1 3  
1 

NQ QUADRIC SURF 

10000. 
1oooo. 

IS. 

10000. 
1 0000. 

6. 

S 

1. 0.984 

12.. 18. 

SOURCE CARD 
SOUACE CARD 
1 Q0400700 

1. 

CARO Fl 
CRAD B 
CRRD C 
CRRD 01 
CRRO E l  
CRRD F1 
CRRD 0 2  
C W D  €2 
CrnD F2 
CARD G 
CARD Fs 
CRRD I 
CQRD J 
CARD K 
CRRO M I  
CAR0 M2 
CFlRO N 
CRRO P 

GEOM a 
CEOM B 
GEOM c 
GEOM D 
GEOM E 
GEOM F 
GEOM G 
GEOM H 
GEOM .J1 
GEOM K1 
GEOM J2 
GEOM K2 
GEOM J3 
GEdM K3 
GEOM Q 
HSOUR 

1 1  

1 1  
82. 207. 

82. 207. 



TABLE XI11 

@5R Output 

NMTC SAMPLE PR08.-1500tEV P i +  MESONS ON PB.THIS IS E R  INPUT. CRRO R 
Am. 3 1960 

NSTRT; 900 NHDST= I200 NITS- 20 NOUIT- I EBOT- 0.500000 00 TttEF!M= I 

MEDIA- 2 CTRPES= I. I ETAPE= 0.385670 08 NF!YdNE. 1 STRPE. 0 

F l  SCATTERERS ELEMENT IO NPOINTS 
82207 6U 

MEOlUM.; I L W I =  2 NPTSs 6U NFISHN. 0 

ELEM I D  SIGKR IO OENSTY ha55 LFI  
82207 1 .  2. 0. 0. 0 0.03300000 207.00000 1 
82207 9. 0. 0. 0. 0 0.03300000 0.0 0 

SLOTH- 0.271000 01 SLOPS. 0.98UOOO 00 S I d S =  0.0 

MEDIUM= 2 LWX= 2 NPTS- 64 NFISHN. 0 

ELEM IO SlWR IO O E N S T ~  MRSS L f l  
82207 I. 2. 0. 0. 0 0.03300000 207.00DOO 1 
82207 9. 0. 0. 0. 0 0.03300000 0.0 0 

SLOTH= 0.271000 01 KCPS- 0.98YOOO 00 SLMS= 0.0 

€SOUR= 0.0 UINP= 0.0 VIW= 0.0 WINP= 0.0 WTSTRT= 0.0 

XSTRT= 0.0 YSTRT= 0.0 ZSTRT= 0.0 NFYO= 0 NREG- 0 

NHISTR- 2 WISMX- 3 l o l o o l o o I l l o o l o o o l o o o o o o o o o o o o o o o o o o  
HOROS/COI.IL= 8 COLL/REC= 31 NCOLLS= 1 0 0 ‘4 0 0 7 0 0 
NC0L.L 
SPOSQ 
W 
Z 
WRTE 
SPOLO 
WOLD 
OLDWT 
226715981351 

NSPLT= 0 NHILL- I MXREG= 0 MRXGP= 0 

0 0 0  0 0 0  0.100000 01 0.9ar1000 00 0.l0000D 01 

- I O @  0 0 0  0.0 0.0 0.0 

NSOUR- 0 HFISTP= 0 

PHI TWE= 0 
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TABLE XI11 (Cont'd.) 

(d5R output 

2 HRLE 
X Z M  BNOS -0.100000 05. 0,lOOOOO 05 
TZONE EN05 -0. lOOODD 05. O.lOOOD0 05 
ZZONE ENDS 0.0 . 0. IBOOOO w 
LONE 1 1 1  
XBLOK ENDS -0.IOO00D 05. 0.100000 05 
TBLOK BNOS -0.lODOOD 05. 0.lOOOOD 05 
ZBLOK BN05 0.0 . 0.600000 01. 0.12UOOO O?. 0.180000 02 

BLOCK I I I 
NED10 I 

BLOCK 1 I 2 
MEOlR 2 

BLOCK 1 1 3 
HEOIR 1 

0 NO OUWJRlC SURFRCES 

HEMORRI NOT USEO- 25U81 
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TABLE XI11 (Cont'd,) 

Q15K output 

HEIGHT 
0.647190670 03 

X AVERRGE 
0.103009400 01 

.l AVERAGE 
0.384646468 00 

2 RVEWGE 
0.770750920 01 

.._ INELAS INPUT DATA --- 

NBT = 9 

MEOlUM = I NO. INELRSTIC SCATTERERS = I NO. ELR5TIC SCATTERERS = 1 

CHG. RNO MASS NO. OF INELRSTIC SCATTERERS--- 
2 - 82.0 R = 207.0 

K O I U t 4  * 2 NO. INELRSTIC SCATTERERS = 1 NO, ELRSTIC SCATTERERS = 1 

CHG. wU0 WSS NO. OF 

0.0 
0.803833700 03 
0.0 
0.491929170 03 
0.0 
0.575551530 03 
0.0 
0.1146416760 03 
0.0 
0.708293050 03 
0.0 
0.711951430 03 
0.0 
0.357lOmOO 03 
0.0 
0.879572280 03 
0.0 
0.74341 3500 03 
0.0 
0.7551 I2930 0 3  
J. 0 
0.555788760 03 
0.0 
0.756027030 03 
0.0 
0.559735250 03 
0.0 
0.41511 14290 03 
0.0 
0.524901260 03 
0.0 

0.0 
0.509015120 03 
0.0 
0.6110756950 03 
0.0 
0.635923860 03 
0.0 

0.696607mo 0 3  

INELASTIC SCRTT€RERS-- 

0.0 
O.lOIY05Y30 06 
0.0 
0.22159005D 00 
0.0 
0.293605680 00 
0.0 

0.0 
0.14481 I310 00 
0.0 

-0.137923470 00 

-0.1l00579lO 00 

0.0 

0.0 

0.0 

0.0 
0.602433040 00 
0.0 
0.167378480 00 
0.0 
O.lO73I0860 01 
0.0 
0. I18257800 01 
0.0 
0.18215E560 01 

o.41~1079150 00 

-0.l49008080 00 

-0.155931470 01 

0.0 
0.731188890 00 
0.0 
0.123975160 01 
0.0 

-0.623849560 00 
0.0 

-0.161918010 01. 
0.0 
0.641977760 00 
0.0 

2 - 82.0 
0.0 

0.0 

0.0 

0.0 

0.0 

-0.698070320 00 

-0.2u1281020 M 

-0. I85935950 00 

-0.638793320 00 

-0.1183115'dCO 01 
0.0 

-0.107126710 01 
0.0 

-0.735698600 00 
0.0 

-0.2113569UD 01 
0.0 
0.3731022UO-01 
0.0 
0.269602850 00 
0.0 
0.200253060 00 
0.0 

-0.112533820 00 
0.0 

A = 207.0 
0.0 
0.854322380 01 
0.0 
0.848839170 01 
0.0 
0.955487720 01 
0.0 
0.927196060 01 
0.0 

0;688918790 0 1  
0.0 
0.892724300 01 
0.0 
0.974092810 01 
0.0 
0.803043070 Oi 
0.0 
0.848365370 01 
0.0 
0.903056870 01 
0.0 
0.927292380 01 
0.0 
0.678167790 01 
0.0 
0.063296300 01 
0.0 
0.769398UZO 01 
0.0 
0.831751880 01 
0.0 
0.8838117070 01 
0.0 
0.838056850 01 
0.0 
0.611793010 01 
0.0 

RANDUM 
2267 15981 35 1 

8947R71SOS71 
8947~7150571 
E684UB674620 
E68448674620 
VCEE?AC058ES 
QCEE2K058E5 
27062E3F2655 
27052E3F2655 
B82680BC98C5 

-0;  767448600 00 0.725320210 01 8826808C 98C 5 
0.0 0.0 49640FB3COnl 

-0.966559730-01 49S&OFB3COR I 
0.0 06875GCC43EI 

-0.2003520~3n 0 1  0687S6CC43EI 
0.0 OE8908833C25 
0.3U6853800 00 OEB308B33C25 
0.0 6RF25E3ER6RO 

-0.382732160 00 6RF25E3ER6RO 
0.0 CEO976702035 
0.34931733C-01 CEO976702035 
0.0 A9B69EG84FE5. 

R9869EOB!4FE5 
8026E69RF8rl 
8026E698F8C I 
E928862EBOFO 
E928R62EBDFO 
EOF735R23EED 
EOF735F123EEO 
FIO6DA I Ctl6940 
R060RIC8694D 
FCB53YCOF460 
FCB53UCOF460 
81n86F493429 
81RR6F'493429 

F49175ROIC95 
622EU0 I9E985 

NflEM 
649 

70 I 
806 
867 
493 
529 
577 
614 
1/48 
474 
710 
756 
714 
769 
358 
382 
882 
955 
745 
804 
157 
800 
557 
GOO 
758 
800 
56 I 
593 
416 
456 
525 
562 
698 
74 3 
510 
545 
642 
704 
637 
684 

TIt'lE- 2 MINUTE5 18.50 SECONOS 

END OF FILE REFID ON INPUT TRPE 



8 I. 

TABU XIV 

Listing of Analysis Program 

C 

2 

3 

1 

RNRLYSIS PROGRAM FOR O5R I N  NHTC SRMPLE PROBLEM 
DIMENSION C (11.2.3) .C2 M.2.3) .CUR (11.2,31 
COMMON/PARAMf/NCOL.SPDS~,~,Z,WATE.SPOLD,WOLD,OLDW~ 
DO 2 I =1.U 
M1 2 J = 1.2 
DO 2 K 21.3 
C (I.J.KI = 0. 
C2 (1,J.K) = 0. 
CWI( I .J .K l  = 0. 
READ (5.31 NHISTR.NHISMX,NWPCCIL.MRXCAS.H~XBCH 
FORHQT I5151 
PBCH = FL6RT IMFIXCRS) 
BCHS = FLOAT (MFIXBCHI 
WRITE (6, U) NH1 STR, NHI SMX, NWCOL, MAXCRS. MAXB@H 
FORMRT (1H1.11X. ' O5R M Y S I S  FOR WTC S W L E  PROBLEM'/ 

1 9X, 'NHISTR = *.Is, ' NHISMX = '.IS. ' NHPCOL = * e  15/15X. 
2 'MRXCFIS = '.IS. MAXBCH = ', 15) 

5 CRLL REDOSR (NHISTR. NH ISMX. NTYPE, NWPCOLI 
I F  [NTYPEI 10.20.80 

CFILL ERROR 

10 WRITE (6.111 NTYPE.NCOL 
1 1  FORMAT (lH1. 'NTYPE = '. 15. ' NCOL = '. I51 

20 I F  INCOLl 10.5.25 
25 GO TO 15. 10. 10. 

C NCOL = 1; 2. 31 
30 I F  (WOLD) 42.115.117 
U2 NS = 1 

US HA1 TE (6.16) WOLD 
UG FORMQT (1H1. ' WOLD 

GO TO 49 

GO TO 5 

30, 10, 10, 30.10, 10) .NCOL 
1. 5. 6. 7. 0. 9 

= '.E17.7. ' I N  MRIN'I 

117 NS = 2 
119 IZ = IFIX(Z/G.) + 1 

N= 1 

IF (SPDSQ.EIJ. 1.1 N=2 
C N=2 THERMRL NEUTRON CURRENT. 

I F  (N.EQ.31 GO TO 5 
N=3 

C N=3 I S  TOTAL IN=l AND N=2). 

r ~~1 CURRENT OF NEUTRONS FIBOVE THERMFIL. 

50 CUR(IZ.NS.NI = CUR(1Z.NS.N) + OLDWl 

80 
85 

86 

95 

97 

99 

GO TO 50 
GO TO ( 85. 10. 951 .NTIPE 
DO 86 I = l , U  
DO 86 J=1.2 
DO 86 Kz1.3 
C(1.J.K) = C(1.J.K) + CUR(I.J.K)/PBCH 
C2 (1 ,  J . K l  = C2 11, J.K) + (CUR (I, J.K) /PBCH) **2 
CURI1.J.K) = 0. 
GO TO 5 
BCHSS = BCHS -1 
IFIBCtlSS.EQ.01 BCHSS = 1 
DO 97 I =1.u 
DO 97 J =l.2 
DO 97 K =1.3 
I F (  C II.J.KI.EO.0) GO TO 97 
C2 11, J.Kl = K2 11. J,KI /BCHS - IC 11. J,K) /BCHSl *a21 /BCHSS 
C I1.J.K) C[I.J.K)/BCHS 
C21I.J;Kl = 100:*'SQAT( ABS( C2I I .J .K) I l  / C(1,J.K) 
CONTINUE 
WRITE (6.99) 
FDRMAT!ikJ. 3X. PARTIRL NEUTRON CURRENTS A T  Z = 0. 6,12 RND 18CM. 
l'/llX@ ' I N  AN 18 CM. THICK INFINITE PB SLRB.'/ 
2 6X. 'UNITS- INEUTRdNS/CM2/SEC) / IINCIOENT PI+/CM2/SEC) ' 1  

DO 200 N = 1.3 
GO TO (100.110.11S1 .N 

100 WRITE (6.101) 
101 FORMAT(1HO.' OF NEUTRONS RBOVE TttERMFIL RNO BELOW NMT NEUTRON CUT0 

XFF ENERGY ' I  
GO TO 120 

110 WRITE(6.1111 
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TABLE XIV (Cont'd, ) 

L i s t i n g  of 0 5 R  Analysis Program 

11 1 FORMFIT [ lHO. ' OF THERMRL NEUTRONS*I 
GO TO 120 

115 WRITE16.1161 
116 FORMRT(1HO.' 
120 DO 1 5 0  NS = 1.2 

IF(NS.GT.11 GI) TO 1 2 5  
WRITE (6.1211 

121 FORMAT(lH0.15X.' NEGATIVE PFlRTIAL CURRENTS'] 
GO TO 1 5 0  

1 2 5  WRITE (6.1261 
1 2 6  FORHRT(IHO.15X.' POSITIVE PARTIAL CURRENTS') 
1 5 0  WRITE(6.1601 (C(I.NS,NI , I = l , U l ,  (CZ( I .NS.NI . I= l .U)  
160 FORMFIT 11HO. ' VALUE '.UE12.4/ '  REL. ERROR".UE12.3) 
200 CONTINUE 

OF ALL NEUTRONS BELOW NMT NEUTRON CUTOFF ENERGY') 

CFILL E X I T  
RETURN 
END 



TABLE xv 
@5R Analysis Input 

2 2 0 25 20 
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TABU X V I  

@5R Analysis Output 

O5R ANRLYSIS FOR NMTC SRMPLE PROBLEM 
NMlSTR = 2 NHl5MX = 2 NWPCOL = 8 

NRXCRS = 25 W4A)BCH = 20 

PRRTIRL NEUTRON CURRENTS RT i = 0. 6.12 RNO 18CM. 

UNITS- INUTRONS/CM2/SECI / (IFCIOENT PI* /CW/SFCI 
I N  AN 18 CM. THICK INFINITE PB SLA8. 

OF NEUTRONS RBOYE TNERMRL RND EELOW NMT NEUTRON CUTOFF ENFRGT 

NEGATIVE PRRTIRL CURRENTS 

VACUE 0.1398E 02 0.1746E 02 0.119’4E 02 0.0 
REL. ERROR 0.509E 01 0.57% 01 0.598E 01 0.0 

POSIT I VE PRRT fCK CURRFNTS 

VRCUE 0.0 0.133% 02 0.1755E 02 0.l252E 02 
REL. ERROR 0.0 0.535E 01 0.538E 01 0.5UR 01 

OF TttERHRL NEUTRONS 

NEGRTIVE PWTICK CURRENTS 

VALUE 0.0 0.0 0.0 0.0 
REL. ERROR 0.0 0.0 0.0 0.0 

POSITIVE PRRTIRC CURRENTS 

VRLUE 0.0 0.0 0.0 0.0 
REL. ERROR 0.0 0.0 0.0 0.0 

OF RLL NEUTRONS BELOW NHT NEUTRON CUTOFF ENERG( 

NECRT I V E  PWT IAl. CURRENTS 

VRLUE 0.1398E 02 0.1746E 02 0.1131(E 02 0.0 
REL. ERRl3R O.SO9E 01 0.577E 01 0.593E 01 0.0 

POSITIVE PRRTIRC CURRENTS 

YRL UE 0.0 0.1339E 02 0.175SE 05 0.1262E 05 
REL. ERROR 0.0 0.53SE 01 0.533E 01 13.547E ill 
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TABLE XVII 

Input for NMT Edit Program 

1 1 1 1 
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TABLE XVIII 

Output from NlvlT Edit Program 

RERIIINC LOG. 9 RS NMT TWE 

MRXRrH WIXCRS MXWT NGROIJP NPlOK NlCOL MQUlT NEXJTE N Y R E O  NUSPRO NSEUOO NBERTP 
20 25 2  OUR 0 0 I 1 0 0 i 1 

EWX 0.ISOOF. W 

CUTOFF EMEGIES FOR TWES 1-7 
O.lSOOE 02 0.15OOE 02 0.2232E 01 0.2156E 01 0.2232E 01 0.1693E 01 0.169% 01 

MEOIUH I 

NUCLIDE NO. 2 NO. R NO. 'GEOMETRIC' XSECT (PER CHI 
1 0.820Of 02 0.207M 03 0,8IOlbE-01 

TRRNSPORT XSECTS FOA PFWTJCLE TIPES 1-7 I N  MOtUH I IN PER CH 
0.8IOUE-01 O.8IOYE-01 0.880bE-01 0.0 0.88rnE-OI 0.888K-GU 0.88m-m 

M X  HYDROGEN X K C T S  FOR PWiTISLE TYPES 1-5 I N  KOIW I I N  PER CM 
0.0 0.0 0.0 0.0 0.0 

MEOlClM 2 

NUCLIDE NO. 
I 

z NO. 
0.82QCE 02 

R NO. 
0.207OE 0 3  

'GEOIETRIC '  XSEtT P E R  CHI 
0.8IQUE-OI 

TRRNSPORT XXCTS FLx1 PRRTICLE TTPES 1-7 IN MEOlUn 2 IN PER CM 
O.BIO4E-OI 0.8104~-01 0.880SE-01 0.0 0.8806E-d 1 0.8885E-OY 0.3885E -0U 

WX H'lDROGEN XSECTS FOR PWITICLE TYPES 1-5 IN tl€OILW 2 I N  PER C M  
0.0 0.0 0.0 0.0 0.0 

EL 2 NCOL NOCRS W E  H A T  NWD LELEH NOPRRT NReOV NBELO NPRRTI FtPnRT2 NPRRT3 NPRRTY NPRRTS NPARl6 BOLO 
1 1 1 1 1 o o o o o o o o o o oooe2081 000820~1 

2. X C  'IC ZC 0LCWT UT E EC 

w TIP RPR ZFR EREC E X  HEVSUM uu 

X I 

0.0 0.0 0.0 0.7863E 66 0.7863E 66 0.7863E 66 0. IOOOE 01 0. lOOOE 01 0. ISOOE 04 0.7863E 66 

0.0 0.0 0.IOOUE 01 0.200M 01 0.0 
v U 

0.0 0 .0  0.0 0.0 0.0 

€312 NCOL N K R S  NRME MOT NHEO LELEM NOPRRT NRBOV NeELO Nt'RRTI NPRRTZ NPART3 NPRRT11 NPRRTS NPRAT6 BOLO 
< I  1 I I 0 - 1  0 0 0 0 0 0 0 0 00082081 00082081 

X Y Z X C  I C  ZC OLOWT W T  E E C  

T I P  RPR ZPR EREC EX ti€ V SUM 1111 
0.0 0 . 0  0.0 0.0  0.0 0. I I ISE o i  0. IOOOE 0 1  0.99aa~ 00 0 . 1 5 0 0 ~  ou 0. I ~ E  114 

0. n 0.0 O.lO0OE 01 0.2000E 01 0.0 
U V n 

0.0 0.0 0.0 0 . 0  0.0 

8L z NCOL NOCRS WME MRT NMEO LELEM NOPRRT NRBOV NBELO NPRRTl NPART2 NPRRT3 NPWRTY NPHfiTS NPWT6 BOLO 
5 1  1 I I o - 1  o o o o o o o o o0082081 000820ai 

U T I P  WR ZPR EREC EX HEVSlrM uu 

X I 2 xc zc OLCIMT UT E EC 
0.0 0.0 0.1115E 01 0.0 0.0 'Ic 0.57YZE 01 0.9988E 00 0.9975E 00 0.1483E 011 0.1UIIE 04 

U V 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1000E 01 0.2OOoF 01 0.0 

BLZ NCOl NOCRS NRME MRT WE0 LELEH NOPWT N M V  NBELO RPRRTl NPARTZ NPWT3 NPRRTU NPRRT5 NPRAT6 BOLO 
7 1  I I 2 0 0 0 0 0 0 0 0 0 0 00082031 00102081 

z X t  rc  zc a m i  HT E EC x Y 
0.0 0.0 0.5742E 01 0.0 0.0 0.6000E 01 0.997% 00 0.9975t 00 0 . l l l l l E  04 il.1407E 04 

0.0 0.0 
V n TIP APR ZPR EREC EX E V S U M  uu U 

0.1000E 01 O..BNE 01 0.0 0.0 0.0 0.0 0.0 0 . 0  

8C 2 NCOL NOCRS NRNE W l  WED LELEM NOPRRT NRBOV NBELO WARTI NPiK1T2 NP17RT3 NPRRTU NPPRTS NPWT6 BOLO 
5 1  1 2 2 0 - 1  0 0 0 0 0 0 0 0 00102081 00102081 

2 XC ZC OLWT n i  E EC 

T I P  tw? ZPR EREC EX HEVSUM vu 
0.0 0.0 0.6000E 01 0.0 0.0 y c  0.8850E 01 0.9975E 00 0.936lE 00 0.l1107E CN 0.1364E 0'4 

V U U 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.lccoE 01 0.2oooE 01 0.0 

B1.Z NCOL NGCRS NRME MRT NMEO LELEM NOFARl NRBOY NBELO NPAf(TI NPWTZ HPMT3 HPWiT4 NPWT5 NPRRTG BOLO 
1 26 7 I 0 0 0 00102081 00102081 

am ZPR EREC EX HEVSUM w 

8 I I  2 1  I 2 2 1  
X 1 2 1 C  zc oLomi UT E EC 

0.109X 02 0.9961E 00 0.994RE 00 0.136YE CY 0.1331E 01-1 

0.0 0.0 0.IMK)E 01 0.2OOOE 01 0.1650E 03 0.7200E 02 O.UI%E 01 0.5283E 03 0. 1574E 02 0.5928E 01 
V n 0.0 0.0 0.8850E 01 0.0 Kc 0.0 

U T I P  

T IPF) NRMER 
2 
3 
Y 
5 
6 
7 

0. I OOOE 
0. I O0OE 
0.0 
0.0 
0.1000E 
0. I OOOE 
0.0 
0.0 

01 
01 

01 
01 

01 
01 

ER 
0.3K7E 02 
0.2232E 03 
0.2188E 03 
0.IU67E 03 
0.6555E 02 
0.3256E 02 
0.2118% 02 
0.2117E 02 
0.2067E 02 
0.169OE 02 
0.217YE 03 

LIA 
-0.SSHX 00 
-0.2530E 00 
0.6782E 00 

-0.49YM 00 
-0.8S8E-01 
-0.6507E-01 
0.58U5E 00 

-0.6551E 00 

O.SI7BE 00 
0.9722E 00 

-n.2r1052-01 

-0.5903E 00 
0.996SE 00 

-0.996flE 00 
-0.Y991E 00 
-0.1738E 00 
-0.2195E 00 
0.7016E 00 

-0.57S6E -01 

UFl n i a  
0.8242E 00 0.9948E I10 
0.818UE 00 0.9948E 00 
0.6281E 00 0.99148E 00 
0.638UE 00 0.99118E 00 

-0.17112E-OI 0.99118E 00 
0.619SE-01 0.Y9118E 00 
0.6397E 00 0.99118E 00 

-0.7353E 00 0.99118E 00 
0.9753E 00 0.9948E 00 

-0.Y895E 00 0.99UBE 00 
0.2272E 00 0.9948E 00 
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TABLE XVIII (Cont 'd. ) 

Output from NMT Edit Program 

TIPB 
O.lOOOE 01 

WTEVRP 
0.9948E 00 

WTEVRP 
0.9W8E 00 

W T E V W  
0.9948E 00 

E8 UB VB ne WTB 
0.1239E 02 0.3706E 00 0.697M 00 0.613% 00 0.99U8E 00 

EPRAT WRfiY IEVRP NEUTRON ENERGY1 
0.633% 01 0.2117E 02 0.5172E 01 0.4954E 01 0.5659E 01 0.1175E 02 0.288% 01 0.5515E c'l 
0.2057E 02 0.109K 02 0.21t5E 01 0.469BE 01 0.5408E 01 0.9630E 01 0.219'4E 01 0.IU35E " 2  
0.79U8E 00 0.658% 01 O.UUO@f 01 0.973Ot: 00 0.4575E 01 0.6839E 01 0.219'3 01 0.1987E 1'1 
0.3r193E 00 0.2797E 00 

0.8U99E 01 0.1194E 02 0.169oE 02 0.217YE 02 0.1339E Or? 0.985E 01 0.8864E 01 
EPIlRl M W W Y  IEVRP PROION ENERGll 

HEPRRT RRRCIT IEVW EUTERON ENERGII 
0.1574E 02 

8L z NCOL HOCRS NRnE HRT WWJ LELEH NOPRRT N W O V  NELO Nf'WTI NPRRT2 NPRRT3 NPRRTY NPFIRT5 NPRRT6 BOLO 
3 2 1 0 0 0 0 0 0 0 0 0 0 00loz0Bl 0018208~ 

OLDWT MI E EC 

HEVSIJH w 
X 1 

7 1  
2 XC TC zc 

0.1- 0.2 -0.3119E 00 -0.6361E 00 0.1ZOOE 02 0.9948E 00 0.9948E 00 0.2232E 03 0.2232E 03 0.0 0.0 
EX 

0.0 
U V n T1P m ZPR EREC 

0.0 0.0 0.0 0.0 -0.2530E 00 -0.5159E 00 0.818YE W 0.loOoE 01 0.0 

NRHER TlPR ER un va nR nTa 
13 0.lOWE 01 0.132UE 03 0.3UOVE OJ 0.1867E 00 0.921% 00 0.9948E 00 
14 0.0 0.346% 02 -0.7139E 00 -0.592LE-01 -0.6977E 00 0.9948E 00 

WTEVRP EPRAT FKIRRl IEVW NEUTRON EMRtIl 
0.994BE 00 0.3916E 01 0.6063E 00 0.69WE 00 0.1146E 01 0.309UE 00 

BI 2 NC0L NOCRS NFH.(E HRT WE0 LELEH NIfPRRT NWOV N E L U  NPRRII NPART2 NPRRT3 NfRRT4 NPARTS NPRAT6 BOLO 
I 13 I 0 0 0 0 0 0 0 0 0 0 0 00182081 00000000 

xc t c  ZC QLDWT wr E EC 

RPR EPR EREC EX HEVSUM uu 
X Y 2 

-0.1707E 01 -0.N81E 01 0.165lE 02 -0.IlSE 01 -0.318M 01 0.18OOE 02 0.9948E 00 0.9Y48E 00 0.132UE 03 0 . 1 3 a F  03 
w U Y TIP 

0.0 0.0 0 . 0  0.11 0.0 0 . 3 ~ 0 ~ ~  00 0 . 1 8 6 7 ~  00 0 . 9 2 1 5 ~  on ~LIOOOE 01 0.0 

X OLOWT wT E EC 

uu 
I 2 xc YC ZC 

0.1099E 02 0.1089E 01 -0.6130E 00 0.120OE 02 0.9948E 00 0.99WE 00 0.2188E 03 O.l7';8E 0 3  0.0 0.0 
U V w TIP RPFI ZPR EREC E X  HEVSUM 

0.0  0 .0  0.6782E 00 -0.3816E 00 0.6281E 00 0.0 0.0 0.0 0.0 0.0 

aL z 
0 0 0 0 0 0 0 0 0 0 00182081 OOlR20Bl 

X Y E EC Z xc rc zc ULOHT n i  

U M T1P APR ZfTi EREC EX WVSUn uu 

NCOL NOCRS WME W I T  N W O  LELEM N O W T  M V  NELO NPIy1TI NPFlRT2 NPRRT3 WRRT4 NPRRTS NPRRT6 BOLO 
3 1 4 1  1 

O.IO69E 01 -0.613OE 00 O.IZM# 02  0.3519E 01 -0.19SM 01 O.14KE 02 0.99UBE 00 0.99UBE 00 0.1756E 03 0.15OoE 112 
v 

0.0 0.6782E 00 -0.3B16E 00 0.628lE 00 0.0 0.0 0.0 0.0 0.0 0.0 

NCOL NOCRS M E  HRT NnFO LELEM NDPRRT N t W I V  NELO HPfiRT1 NPRRTZ NPRRT3 NfURT4 Nt'GftTS WHFIT6 8oLo BL 2 
7 1 5 2 1 0 0 0 0 0 0 0 0 0 0 00102081 00182081 

x i z YC IC ZC OLOclT nT E EC 
U V I.( Tff' m ZPR EREf EX WV5M 

0.1099E 02 - 0 . 7 8 0 8 ~  00 -0.9331~ 00 0 . 1 m  02 0.994BE 00 0.9948E 00 0.1467E 03 0.1467E 03  
uu 

0.0 0.0 

0 . 0  0.0 -O.U%OE 00 -0.5903E 00 0.63WE 00 0.IOOoE 01 0.0 0.0 0.0 0.0 

NCOL NOCRS NRME HRT NM€O LELEM NUPART NABW WELO NPWTl NPlFIT2 WRRT3 NPRRTU NPRRTS WRAT6 B(ILD BL 2 

X Y Z XC YC zc OLrlnT n T  E EC 

U V n T I P  m ZPR EREC EX HEVSUM uu 

I 0 - 1  0 0 0 0 0 0 0 0 00182081 00182081 5 1 5 1  

-0.7808t 00 -0.9331E 00 O.12OOE 02 -0.409K 01 -0.4896E 01 0.l629E 02 0.9948E 00 0.9948E 00 0.1Ub7E 03 0.1'467E O 3  

0.0 -0.49UOE 00 -0.5903E 00 0.6384E 00 0.  l O O U  01 0.0 0.0 0.0 0.0 0.0 

NCoL NLTRS NWE H R T  WE0 LELEH NOPWT W V  NIXLO NPRRTl HPRRT2 NPRRT3 WART4 WWTS NPRRT6 fiOL0 BLZ 
4 I 5 I 0 0 o o o o o o o o o oo18zoai oooooooo 

X Y 2 xc I C  ZC OLWT WT E EC 

U V w TIP WR ZPR EREC EX HEVSUM uu 
-0.U0'37E 01 -0.U896E 01 0.162% 02  -0.S424E 01 -0.6482E 01 0.18Oof 02 0.99(18E 0.95YBE 00 O.lr161E 03 0.1'467E 03 

0.0 0.'49YOE 00 -0.5403E 00 0.636% OD 0.lOOOE Of 0.0 0.0 0.0 0.0 0 .0  

NCOL N E W  NRME WT M O  LELEfl NOPART NRBOY NELO WART1 NPRRTZ NPRR13 NPRRTQ NPWTS WRRT6 fiDLD BLZ 
5 1  6 2 2 0 - 1  0 0 0 0 0 0 0 0 00102081 00102081 

X I z x t  I C  ZC OLDWT w E EC 

U V n I 1P R f R  ZPFt EREC EX MVSUM UU 
0.0 0.0 0.1099E 02 -0.671% 00 0.7791E 01 0.lOBSf 02 0.9948E 00 0.9W8E 00 0.655SE 02 0.6555E 02  

-0.8586E-01 0.99626 00 -0.1712E-01 0.I00oE 01 0.0 0.0 0.0 0.0 0.0 0.0 

NCUL NOCR5 NRME WT NMED LELEM NOPRRT W O V  Nf3flU NPRRTl WFlRT2 NPRRYIT3 NPWlTY NPART5 NPAAT6 AOLO BL Z 
2 1 6 2 2 1  I 0 1 5 0 0 0 0 0 00102081 l00L0208I 

X I z XC I C  ZC QLDWT WT E EC 
-0.6715E 00 0.7791E 01 O.lC85E 02  -0.IU3OE 01 0. 1660E 02 0.1070E 02 0.994% 00 0.9948E 00 0.655SE 02 0.6555E 02 

U V w TIP RPR ZPR EREC EX t t Y S U M  IJU 
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TABLE XVIll ( Cant Id. ) 

Output from NMT Edit Program 

K O l .  
3 

-O.~~BSE-OI 0 . 9 9 6 2 ~  GO -O . I~WE-OI  o.iono~ n i  0.2020~ 03 0.8200~ 02 0 . ~ 7 6  on 0.5827~ 02 0.0 

TIPB EB UB YB IdB HTB 
0.100CE 01 0 . 7 W E  01 0.261K 00 0.7027E -0.6617E 00 0.99'48E 00 

WTEVRP EPRRT WRRY IEVRP NEUTRMU EMRtTl 
0.99U8E 00 O.I/IIYOE 01 O.Y262€ 01 0.178VE 01 0.13VtiE 01 0.47IW a0 

NOCRS WW 

X 
1 7 

0.0 
U 

-0. S507E-0 I 

WT 
2 
Y 

0.0 
V 

-0.996CtE 

tPgn LELEH 
2 0  

z 
0. l a  

00 0.6195E 
n 

NOPWT m v  

02 -0.9550E-02 

0 0  
xc 
T I P  

-01 0.0 

NRELO WRRil 
0 0  

YC 
-0.1U62E W 

WR 
0.0 

NPWT2 NPHRT3 NPRRTU NPRRT5 MPflRT6 
0 0 0 0 0  zc OLDWT YT 

ZPR EREC EX 
0.IIQoE 02 0.99WE 00 0.99UOE 00 

0.0 0.0 0.0 

BOLO 
00102091 

E 
0.3256E 
HEVSUiI 

0.0 

0 . 8 9 7 ~  01 

BL z 

02 0. ISOOE 02 

on I 0208 I 
EC 

w 
0.0 

WoL NOCRs PRNE WT M O  LELEM W W T  H W V  NBELO NPrWTl WFplT2 NPF(RT3 NFWTU NPMlTS NPWT6 BOLD BLZ 
3 1 8 2 2 o o o o o o o o o o ooio2oai m i o 2 n ~ 1  

Y z XC TC EC OLanT WT E E t  
0.0 0.0 0.1099~ w O . U ~ U I E - O I  - O . W I E - O I  o.iil)ul~ 02 o.99wE 00 0 . 9 ~ 8 ~  00 o.zwsE 02 n.isooE 02 

U V n TIP m PPR EREC EX K V S u n  w 
0.5845E 00 -0.U991E Do 0.6397E 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

'KOl. N E R 5  W E  MRT -0 LELEM N O W 1  NR3OY HBELO W ~ l 1  MPWTZ NPWT3 NPRRTU NPWYS NPRRT6 BOLO RL a 
6 !  9 2 2 I 0 0 0 3 0 0 0 0 0 00102081 OOlOZOBl 

X T 2 E YC 
0.0 0.0 0.1099E 02 -0.2UIzE 01 -0.6397E 00 

U V n T I P  m 
0.6551E 00 -0. I73FE M1 -0.7X3E 00 0 . m  03 0.lOooE 01 

mvw EPmi m r w l E v w  NEUTRON ELRCY~ 

7 I IO 2 1 0  0 0 0 0 

0.99rlSE 00 0.2233E 01 0.U28X 00 O . U U 9 X  00 

NCOC NWXIIS NRnE W I T  M%O LELEM NOPAAT NRBOV NBELO WWi1 

X Y 2 xc IC 
0.0 0.0 0.1099E 02 -0.2402E-01 -0.2271E 00 

U V n 1 I P  Rm 
-0.ZU09E-01 -0.219% 00 0.Y753E 00 0.10OoF: 01 0.0 

MOL N o w ?  tern WT tueo LELEM NOPGRRT w a v  NHELU WARTI 
rl I IO I o o o o n o 

X 1 2 xc IC 
-0.2492E-01 -0.2271E 00 O.1200E 02 -0.1731E 00 -0.157BE 01 

U V H TIP RPR 
0.2409E 01 -0.2195E 100 0.9753E 00 O.lO0flF 01 0.0 

NCOC NIXRS WME WRT NMED LELEM NOPHRT NWOV NBELO NPfiRTl 
3 1 I 1  2 2 0 0 0 0 0 

X 7 2 xc IC 
0.0 0.0 0.1099E 02 0.617%-02 0.9372E-02 

U V n TIP RPR 
0.5178E 00 J.7016E 00 -0.11895E 00 0.0 0.0 

NCOl NOCRS NRWE NRT N K D  LELEM NOPRRT NRBDV NBELO NPWTI 
3 I 1 2  2 2 0 0 0 0 0 

X Y 

WIT372 NPRRT3 NPWTl l  NPRRTS NPRRT6 BOLD eL z 
0 0 0 0 0 00102081 00182081 

2c OLOHT n i  E EC 

ZPR E M C  EX *VSW w 
0.I2OOE 02 0.9948E 0.99WE 00 0.2067E 02 0.2067E 02 

0.0 0.0 0.0 0.0 0.0 

NPWTZ NPPFiT3 WWTO WSf315 NPRAT6 BDLD BL P 

o . 1 9 ~ 0 ~  02 0 . 9 9 ~ 8 ~  00 0 . 9 9 ~ ~ ~  no 0.2067: 02 0.2067~ 02 

0 0 0 0 0 00182081 00000000 
zc LPLOMT WT E EC 

2PR EREC EX HEVSUU uu 
0.0 0.0 0.0 0.0 0.0 

MPRRT2 NPRRT3 NPRPITU WRfiRTS NPRRT6 €?OLD BL z 
0 0 0 0 0 00102081 00102001 

ZC OLQMT n i  E EC 

ZPR EREC EX HEVSUM w 
0.1099E 02 0.99UBE Oca 0.994BE 00 0.1690E 02 0.1500E 02 

0.0 0.0 0.0 0.0 0.0 

PIPI;(ITZ WWT3 NPWTB NPWT5 MPRRT6 BOLD 012 
0 0 0 0 0 00102091 fl0102081 
ZC OLWT ni E EC 

ZPR EREC EX HEVSUH uu 
O.IIO(K a2 0 . 9 9 ~  00 0 . 9 ~ 8 ~  00 0.217~: 02 0 . 1 ~ 0 0 ~  02 

0.0 0.0 0.0 0.0 0.0 

WWT2 WWT3 NPWRTU WWT5 NPRRT6 BO10 8C I 
0 0 0 0 0 00182081 OOIRZflRl  

X I 2 xc YC zc oLar i  UT E EC 
-0.1707~ 01 - 0 . 3 ~ 4 8 1 ~  01 0 .1651~  02 -o.~wtx 01 -0.3~91~ 01 0.1639~ 02 0 . 9 9 ~  00 o.waE 00 0.3~65~ 02 0.15oo~ 02 

U V n T I P  RPR 2PA EREC EX n€VSUM uu 
-0.7139E 00 -0.5920E-Ill -0.h977E M, 0-0 0.0 0.0 0.0 0.0 0.0 0.0 
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