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HEATIIE I N  INFINITE SOURCE MEDIA 

Alex Lorenz 

Lawrence Radiation'Laboratory, University of Cal i fornia  

Livermore, California 

A time -independent technique t o  ca lcu la te  g a m  energy deposit'ion 

i n  materials  composing an i n f i n i t e  homogeneous medium containing a uniform J 

source has been developed t o  study t rends  and e f f e c t s  i n  nuclear heating. 

The code u t i l i z e s  cross sect ion input i n  ca lcu la t ing  p robab i l i t i e s  of events 

o r  branching r a t i o s ,  and energy down-scatter; these  quan t i t i es  determine 

t he  a l loca t ion  of the  photon energies of a given source spectrum t o  t he  

const i tuent  elements OF' t h e  medium. With a capacitk t o  handle 30 energy 

groups and 9 materials ,  a s ing le  problem runs a fewseconds on t he  IBV 7090, 

computer. 

The photons a r e  considered t o  undergo th ree  independent processes: 

cornpton scat ter ing,  photoelect r ic  absorption, and pair production. An 

e n e r a  t r ans f e r  matrix i s  employed t o  d i s t r i b u t e  t he  sca t te red  energy i n  a 

mnner ' requ i red  by the  Klein-Nishina formula; t he  energy of t h e  .5 l  14ev 

photons created i n  the  p a i r  production in te rac t ion  i s  a l loca ted  t o  the  appro- 
f f 

, p r i a t e  energy group. A d i s t r i bu t i on  of ava i lab le  energy" i s  determined by 

summing the  source and t rans fe r red  energy within each group., The absorption 

. of photons, and t he  a l l oca t i on  of t h e i r  energies t o  t h e  const i tuent  atoms, 

i s  calcula ted d i r e c t l y  from the  "available energy" d i s t r i bu t i on  and t he  

absorption probabi l i t i e s .  A l l  t h ree  photon in te rac t ions  r e s u l t  i n  t he  

emission of energetic electrons;  it i s  assumed that t h e i r  energy i s  absorbed 

by ' the  respective mater ia ls  involved i n  t h e  pa r t i cu l a r  in te rac t ion .  T i i s  

assunpt ion- i s  va l i d  where. t h e  e lect ron ranges a r e  shor t  compared t o  t he  dimen- 

sions .of the  t e s t  samples. 

Summations from a l l  absorptive processes performed over a l l  energy 

groups f o r  each material ,  normalized t o  t he  t o t a l  energy input; y i e ld s  gamma 

heat ing ' dens i t i e s  f o r  each const i tuent  material .  The gamma flux spectrum i n  

t he  medium i s  obtained by dividing t h e  t o t a l  energy absorbed i n  each group, 

summed over a l l  mater ia ls ,  by t he  group absorption cross  section.  



'&TO sample s tudies  have been performed t o  i l l u s t r a t e  t he  

app l i cab i l i t y  of the  method: 

a)  calcula t ion of the  e f f e c t  of t h e  var ia t ion  of t he  C:U and 

Fe:U r a t i o s  i n  a C-U-Fe mediwn upon the  heat ing of t'ne i r on  

component. The normalized gamma heating densi ty  as a func- 

t i o n  of the  Fe:U atom r a t i o  i s  given i n  t he  f igure  shown. 

~ormal ized '  gamma heating densi ty  i s  expressed i n  watts/cm 3 
of so l i d  lnaterial per  ~ ~ a t t s / c m ~  i n  t he  source  medium. 

b )  determination of t he  dependence of gamma heating on Z, the  

atomic number o f '  a material ,  i n  a C-U medium. The r e s u l t s  

show tha t ,  f o r  a sample element t o  uranium atom r a t i o  of 10, 

the  energy f r ac t i on  absorbed by t he  t e s t  element has a Z 1.3 

dependence. 

A 30 group f i s s i o n  gamma spectrum of 15.14 ~ e v / f i s s i o n ,  spanning t he  energy 

range between 0.01 and 10.0 Mev, used i n  both cases. 

The method has been extended t o  t r e a t  non-homogeneous media by 
' 

appl icat ion of 'self  -shielding corrections t o  t he  cross  sections.  
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