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ABSTRACT 

SOURCE is a FORTRAN 63 program for determining the energy, the 
speed, and the initial spatial distribution of neutrons arising from 
fission, The energy distribution within the batch of neutrons, is 
obtained by sampling a Maxwellian fission spectrum which depends upon 
the energy of the neutrons producing fission. The program locates 
the neutrons at a point or distributes them spatially, either uni- 
formly or according to a cosine function, Two isotopes producing 
fission neutrons having a slightly different energy distribution 
can be treated in this program by an approximation (using an average 
temperature) giving the correct first moment of the resulting overall 
energy distribution, 

* Oak Ridge Gaseous Diffusion Plant 

N O T I C E  This document conto ins in formot ion of a p re l im ina ry  noture 
and wos prepared p r imar i l y  for i n te rno l  u s e  o t  the Oak R idge Na t iona l  
Laborotory .  It i s  sub iec t  to r e v i s i o n  or correct ion ond therefore does 
no t  represent  o f i n a l  report .  
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T h i s  report wos prepared os  an account o f  Government sponsored work. 

nor the Commission, nor any person act ing on behalf of the Commission: 
A. Makes any warronty or representation. expressed or implied, w i th  respect to  the accuracy, 

completeness, or usefulness of the information contained i n  th is report, or that  the use o f  
a n y  information, apparatus, method, or process disclosed i n  t h i s  report may not infr inge 
pr ivately owned rights; or 

Neither the United Stotes, 

6. Assumes any l iab i l i t ies  w i t h  respect t o  the use of, or for damages resu l t ing  from the  use  of 

any information, apparatus, method, or process disclosed i n  th is  report. 
As  used i n  the obove, "person act ing on behalf  of the Commission" includes a n y  employee or 

controctor of the Commission, or employee of such controctor, t o  the extent that  such employee 

or controctor of the Commission, or employee o f  such contractor prepares, disseminates, or 

provides a c c e s s  to, ony information pursuant t o  his employment or contract w i th  the Commission, 

or h is  employment w i th  such contractor. 
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SOURCE, A NEUTRON DISTRIBIPI ' ION ROUTINE FOR THE 05R 

MOHTE CARLO CODE 

J, T,  Mibalczo, G, W, Morrison$ 17, I rv ing  

I - INTRODUCTION 
SOURCE i s  a FORTRAN 63 pro$rm f o r  determining the energy, t h e  

speed, and t h e  i n i t i a l  spatial dis t r i 'bu t ion  of neutrons arising from 
f i s s i o n ;  t hese  neutrons are then followed and described by t h e  05R 
Monte Carlo t r anspor t  @ode,% The energy d i s t r i b u t i o n  within t h e  batch 
of neutrons,  of p r e ~ e l e c t e d  s i z e ,  i s  obtained by sampling a Maxwellian 
f i s s i o n  spectrum which depends upon t h e  energy of t h e  neutrons pro- 
ducing f i s s i o n  @ 

The program Locates t h e  neutrons a t  a poin t  or  d i s t r i b u t e s  them 
s p a t i a l l y ,  e i t h e r  uniformly o r  according t o  a cosine funct ion,  A t  
present  no provis ion for  an iso t ropic  emission i s  included. 

Two isotopes producing f i s s i o n  neutrons having a s l i g h t l y  d i f f e r -  
en t  energy d i s t r i b u t i o n  can be treated i n  t h i s  program by an approxi- 
mation (using an average temperature) giving t h e  cor rec t  first moment 
of t h e  r e s u l t i n g  o v e r a l l  energy d i s t r i b u t i o n ,  

I1 - THEORY 

The spectrum of neutrons from f i s s i o n  i n  a s ing le  isotope i s  
assumed t o  be Maxwellian: 

where the  nuclear temperature,  T, i s  u funct ion of t he  energy of t h e  
neutron inducing Tissfon and E is t h e  energy of t h e  emitted neutron, 
The average energy of t h e  emitted neutxons i s  r e l a t e d  t o  t h e  nuclear 
kernperature by t h e  ?Pelation 

The average energy is &so r e l a t e d  t o  t h e  average number of neutrons 
per f i s s i o n ,  v ,  by t h e  r e l a t i o n 2  

where A and B are cons tan ts ,  Thus 

1, Coveyou, R, R 3 *  e% d,, 05R, A General-hrpose Monte Carlo Neutron- 

2 ,  J, T e r r e l l ,  Phys, Rev, 127, 3 ,  p., 899 (1.962)~ 
Transport eode ,, 0~~L-3622  (1965) I 
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The value of t h e  constants  for 235U and 238U and some t y p i c a l  nuclear 
temperatures a r e  given i n  Table I,  An average nuclear temperature of 
a mixture of two i so topes  i s  computed by t h e  r e l a t i o n  

where t h e  f r a c t i o n  of neutrons emitted by t h e  ith iso tope ,  xi, i s  
given by 

- v i  x; 
x i  - 0 

1C.i q i  
If the average value of t h e  mth moment of  t h e  energy of t h e  neutrons 
emitted i n  f i s s ion  i s  compared t o  t h a t  ca lcu la ted  from t h e  exact 
spectrum, which i s  a sum of t w o  spec t r a  of t h e  form of  Eq,(l), t h e  
following r e l a t i o n  i s  obtained 

For two i so topes  t h i s  can be wri t t en  as 

T h i s  r a t i o  i s  given f o r  some values  of m, T2/T1 and x i n  Table PIC, 
The approximation gives  t h e  co r rec t  average energy. 
equal number of f i s s i o n s  i n  each isotope and a temperature r a t i o  of 
1 , l t h e  moments less than t h e  fou r th  a r e  smaller than t h e  exact 
values  by no more than 18. For t h e  case of 95% of t h e  f i s s i o n s  i n  
one i so tope  and T2/T1 = 1,l moments up t o  t h e  f i f t h  a r e  less than 
O e 5 %  too small. The approximation, therefore ,  introduces l i t t l e  
e r r o r  i n  t h e  f i s s i o n  neutron spectrum i n  uranium containing 93.2% 
235U, "he dependence df the f i s s i o n  neutron y i e l d  of 23% on t h e  
inc ident  neutron energy is  taken as a quadrat ic  func t ion  up t o  8 Mev 
according t o  t h e  da t a  of Moat, Mather and F i e l d h ~ u s e , ~  

For t h e  case of 

~ ( ~ 3 % )  = 2,43 + 0.088E + 0,0088E2 ( 9 )  

where E i s  i n  MeVa 
Mev having, at t h e  highest  energy, a value of b , 4 1  e 

energy dependence of t h e  f i s s i o n  neutron y i e l d  i s  l i n e a r  between 1 
and 1 5  Mev with values  of 2,48 and 4,58, r e spec t ive ly ,  corresponding 

3. D, S, Mather, P, Fieldhous, and A ,  Moat, Fhys. Rev, 133, €3, 1403 

The y i e l d  i s  taken t o  be l i n e a r  between 8 and 15 
For 238U t h e  

( 196W 4 
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A 

Table I. Constants and Typical Nuclear Teraperetures fo r  
235U and 238U Expressed i n  MeV. 

B 

Td 

a.  J, Terrell,  Phys 

b, The 238U cons tan ts  a r e  chosen t o  match t h e  ratio of T 8/T2 

Rev, 127, 2, 899 (1962) 

at  14.3 
Mev measured by Yu A, Vasil'ev e t  sl, , JETP, llg 3 ,  4 6 3  3 (1 6 0 )  using 
t h e i r  measured values  of t h e  number of neutrons produced per fission. 

c, Incident  neutrons a t  thermal energy, 

d,  Incident  neutrons at  14,3 MeV, 



Table 11. Ratio of the Approximate Voments of Energy t o  
the Exact Values for Two Fissionable Isotopes. 

Order of 
Moments 

m 

x = 005 x = 0095 

l l e 0  1.0 

2 0 e 9977 0 * 9995 

3 0 * 9932 0 a 9985 

4 0 e 9866 0 0 9970 

5 0 6 97’11) 0 9949 

a, x is the fraction of fissions occurring in the isotope at 
temperature T1; T2 is the temperature of the other isotope. 



t o  du/dE of' O, l5  neutrons per  Mev. 

111 - GENEWIL DESCRIPTION OF THE PROGRAM 

SOURCE i s  a subrout ine which c a l c u l a t e s  t h e  energy, t h e  speed, and 
the  i n i t i a l  s p a t i a l  d i s t r i b u t i o n  of t h e  neutrons ar is ing from fission i n  
two f i s s ionab le  isotopeoi  t hese  neutrons a r e  then followed and described 
by t h e  Monte Carlo c d c u l a t l o n ,  
neutrons are calked a P s ~ u r c e  neutronsD" SOURCE t r ansmi t s  t h e  information 
concerning the source neutrons t o  05R through a l i s t  of parameters used 
as arguments i n  t h e  c a l l i n g  s t a t m e n t o  These parameters a r e  as follows: 

In  t h e  following discussion these  

SPDSQ: The square of  t h e  speed of t h e  neutron emitted i n  f i s s i o n ,  
Tfie f a c t o r  for  converting neutron m e r  i n  e~ t o  (neutron 
spsedI2 i n  cm2/sec2 i s  1,913220092 x 1 x 2  em2/(sec2 eV) + 

U,V,W: The d i r e c t i o n a l  cos ines  of t h e  source neutron, 

X,Y,Z:  The coordinates  of t h e  source neutron" 

WATEs The weighting f a c t o r  ini':ially assigned t o  a source 
neutron e 

N: An in t ege r  assoc ia ted  with a p a r t i c u l a r  neutron, 

NMED: The medium i n  which X, Y, and 2 lie, 

HREG: The region i n  which XI Y, and Z P i e ,  

NMEM; The number of i n i t i a l  source neutrons,  

Certain of the  above parameters &re  not assoc ia ted  w i t h  e i t h e r  t h e  
energy or  t h e  s p a t i a l  d i s t r i b u t i o n  of t he  source spectrum and are, 
t he re fo re ,  taken from information furnished in t h e  05R input data 
(Cards G and W) The neutron s t a r t i n g  weight (WATE) %he number of 
i n i t i a l  S Q U T C ~  neutrons (NMEM), and t h e  n m e  of each source neutron 
(11) are examples of information not ca l cu la t ed  by SOURCE, A t  present  
t h e  d i r e c t i o n a l  cos ines  (W, V, and W), a r e  those  assoc ia ted  w i t h  iso- 
t r o p i c  emission af%hough t h e  routine can be modified t a  include aniso- 
t r o p i c  @BliSSfQno 

A t  t h e  beginning of a ba tch ,  SOLICE i s  entered once f o r  each 
neutron u n t i l  a l l  of t h e  source neutrons (NEJIESI) have been processed, 
The d i s t r i b u t i o n  of t h e s e  neutrons i n  apace is ca l cu la t ed  by sampling 
from a delta,  a uniform, or a cosine func t ion ,  A uniform f i n e t i o n  
i n d i c a t e s  t h a t  all initial coordinates ,  along each of t h r e e  axes, w i t h -  
i n  the whole system are equally probable,  The cosine funct ion samples 
t he  i n i t i a l  coordinates  ( X ,  Y ,  Z )  of t h e  source neutrons from cosine 
func t ions  along each coordinate  axis, 
d i s t r i b u t i o n s  e8ch p a s f t i a n  is checked t o  in su re  t h a t  no source po- 
sition w i l l  be picked which lies i n  e f t h e r  an i n t e r n a l  or  an ex te rna l  

I n  t h e  uniform and cosine 
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void,  This check i s  not made f o r  a poin t  S O I B ~ C C  d i s t r i b u t i o n .  The 
coordinates  (X, Y, Z )  o f  each source neutron are supplied t o  05R by 
SOURCE, It should be noted t h a t  t h e  i n f o m a t i o n  ca lcu la ted  i n  SOURCE 
w i l l  take precedence over OSR input  data, t h a t  i s ,  a value of t h e  start- 
ing  coordinates ,  XSTRT, YSTRT, and ZSTRT appearing on card G o f  t h e  O5R 
input  da t a  sec t ion  w i l l  e s t a b l i s h  a s t a r t i n g  point  f o r  t h e  source neutrons 
only i f  A. *'l" i nd ica t ing  a poin t  source i s  placed i n  t h e  con t ro l  card i n -  
put t o  SOURCE, 

A Maxwellian f i s s i o n  spectrum, with a spec i f i ed  nuclear temperature,  
i s  sampled t o  give t h e  energies  of t h e  neutrons i n  t h e  f irst  batch. T h i s  
method of sampling i s  provided i n  t he  0 5 R  random number package, The 
energy s l p e e t r ~  f o r  the second and succeeding batches of neutrons i s  a l s o  
picked from t h e  Maxwellian spectrum but  now information from t h e  previous 
batch i s  used t o  s e l e c t  t h e  nuclear temperatures i n  t h e  second and 
succeeding batches,  I n  t h i s  manner SOURCE i t e r a t e s  on t h e  f i s s i o n  e n e r a  
spectrum t o  obta in  a converged spectrum, 
funct ion of energy within each region can be ca lcu la ted  by t h e  c ros s  
sec t ion  rou t ine  of 0 5 R  and put on data cards ,  These cards ,  which fol low 
t h e  source cont ro l  card specifying t h e  s p a t i a l  d i s t r i b u t i o n  of t h e  f i r s t  
batch of neutrons,  a r e  then  read by SOURCE for  s torage  as a t a b l e ,  A 
search of t h i s  t a b l e ,  which may contain up t o  100 values  o f  energy and 
t h e i r  assoc ia ted  temperatures,  is used t o  obta in  t h e  nuclear temperature. 
T h i s  search i s  e a s i l y  performed s ince  t h e  value of SPDSQ upon en t ry  i n t o  
SOURCE i s  proport ional  t o  t h e  energy of t h e  neutron producing t h e  f i s s i o n .  

The nuclear tem9erature as a 

In  t h e  appl ica t ion  of SOURCE t o  one-velocity problems, t h e  neutron 
ve loc i ty  i s  s e t  t o  a constant .  The con t ro l  card specifying t h e  type of 
s p a t i a l  d i s t r i b u t i o n  t o  be given t h e  i n i t i a l  source batch must be 
present  e 

IV IMPUT SPECIFICATIONS 

The cards  on which t h e  SOURCE input  data are specified are arranged 
as follows: 

b 
card 1: FORMAT ( ~ 1 8 ~ 5 ,  15) 

a,, TEMPER: Temperature of t h e  Maxwellian used i n  t h e  first 

b, NSORCE: A variable used t a  indicate t h e  type of s p a t i a l  
batch 

spectrum des i red  for t h e  f irst  generat ion n iu t rons ,  
A "1" 6unched i n  Column 5 ind iea t e s  t ha t  a poin t  
source i s  des i red  and t h e  values  of XSTRT, YSTRT, 
and ZSTRT on card H os t h e  O5R input  data are used 
f o r  t hese  coordinates ,  A "2" punched i n  Column 5 
indicates t h a t  a uniform d i s t r i b u t i o n  i s  t o  be 
smpied, A Ir3" ptanched in column 5 indicates 
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t h a t  a cosine distribution along each of the 
cool-dinate axes is t o  be sampled, 

a, XZERO: The X coordinate corresponding to the center of t h e  
cosine or of the uniform distribution, 

b, XLENTH: The X coordinate t i t  which the source spatial 
distribution becomes zeroo For the cosine distri- 
ZLENTH corresponds to L in the relationship 

e ,  YZERO: sanae as (a3 for the Y axis, 

d o  YLENTH: Same as (b) for the Y axis, 

e,  ZZERO: Same as (a) for the z axis, 

f, ZLENTH; Same as ( b )  for t h e  Z axis, 

&io E: The energy in ev, Energies are given in decreasing 
order a 

b, TBAR: The nuclear temperature corresponding to the 
energy specified in (et) for the Mamellian 
di s t r ibut ion  

A s  many as one hundred values of E and of TBAR may be used with 
one pair of values per c s rd ,  

Card 4: BLPlNK 

A blank card is used to signify the end of the E and the TBAR 
input data, 
problems 

Cards 3 and 4 are deleted in the solution of one velocity 



The following outline slnmanarizeo t h e  arrangement and data necessary 
for SOURCE, 

A, M?d.%i-Velocity 05R 

1. 0 5 ~  INPUT DATA 

2, GEOM INPUT DATA 

3 a  SOURCE INPUT DATA 

a, CARD 1 

b o  CARD 2 

e a  CARD 3 

C a  CARD 3 

d, CARD 4 

B. ONE VELOCITY 0 5 R  

1, 05R INPUT DATA 

2, GEOM INPUT DATA 

3 ,  SOURCE INPUT DATA 

a ,  CARD 1 

b, CARD 2 
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V - FORTRAN STATEMENTS AND FLOW CHART FOR SOURCE 
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