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There have been s e v e r a l  i n v e s t i g a t o r s  who have r e c e n t l y  been seeking t o  

understand and improve neutron c ross  s e c t i o n s  f o r  oxygen and n i t rogen  

and t o  eva lua te  r a d i a t i m  t r a n s p o r t  techniques ‘These cross  s e c t i  ons 

a r e  important because of t h e  need t o  determine t h e  f u l l  r a d i a t i o n  f i e l d  

d e s c r i p t i o n  f o r  a neutron source i n  t h e  atmosphere- I n  cons ider ing  

t h e  s t a t u s  o f  neutron t r a n s p o r t  i n  t h e  atmosphere, t h r e e  areas w i l l  be 

reviewed: 

i n  determining t h e  r a d i a t i o n  f i e l d s  i n  t h e  atmosphere, (2) t h e  information 

that  i s  c u r r e n t l y  a v a i l a b l e ,  and ( 3 )  approaches t o  solvjng t h e  gene ra l  

problem of c ross -sec t ion  uncer ta jn ty  and the need for knowing t h e  detailed 

r a d i a t i o n  f i e l d  d e s c r i p t i o n  everywhere. 

(1) t h e  progress  t h a t  has  been madp i n  t h e  p a s t  few years  

Progress .  There have been s e r i o u s  a t tempts  at  determining t h e  

r a d i a t i o n  f i e l d s  from weapons s ince  t h e  m i d  1940s. Since c ross  sections 

and a n a l y t i c a l  t o o l s  were not a v a i l a b l e  t o  any s i g n i f i c a n t  degree before  

t h e  l a t e  1950s and e a r l y  1 9 6 0 ~ ,  t h e  e a r l y  a t tempts  a t  de f in ing  r a d i a t i o n  

f i e l d s  were experimental  i n  na tu re  and were associated with  weapons 

tests.  The complexity of such experiments prevents  t h e  de te rminz t ion  

of a d e t a i l e d  descyip t ion  of t h e  r a d i a t i o n  F ie lds .  In t h e  e a r l y  1960~, 

at tempts  i n  c a l c u l a t i n g  t h e  r a d i a t i o n  f i e l d  s u f f e r e d  from lack  of‘ both 

t h e  ex i s t ence  and communication of’ cross-sec t ion  information i n  t h e  s c i e n t i f i c  

community and from the  l a c k  of  t r a n s p o r t  codes -- Monte Carl-o and t h e  

moments method were t h e  only r a d i a t i o n  t r a n s p o r t  t o o l s  a v a i l a b l e  w i t h  

a n i s o t r o p i c  s c a t t e r i n g .  The c a l c u l a t e d  resu l t s  t h a t  ex i s t ed  i n  lgGl  

a r e  given i n  a review a r t i c l e  by Wells.5 

I n  1965 the  s ta te -of - the-ar t  o f  r a d i a t i o n  t r a n s p o r t  i n  i n f j . n i t e  

homogeneous a i r  w a s  such t h a t  t h e r e  w a s  doubt as t o  t h e  va l id i . ty  of 



t r a n s p o r t  code r e s u l t s  -- t h e  cross-sec.t ion input, was known t o  be importaxtt , 
but  t h e  ex ten t  oP the  importance was not f u l l y  r e a l i z e d .  A sumnary of 

results6 of 47rX2 neutron dose vel-sus range f o r  a. f i s s i o n  source i n  i n f i n i t e  

a i r  i s  shown i n  F i g n  1. The cause of t h e s e  di.sa.greenienis could not be 

a t t r i b u t e d  t o  codes alone s i n c e  -the same technj-ques ha.d been used by 

seve ra l  i n v e s t i g a t o r s  e By looking only a t  t h e  dose,  one canriot easi1.y 

detei-mine what might have caused Lhe di f f e rences .  Obviously, some problem 

could result from d i f f e r e n t  flux-to-dose conversion f a c t o r s  and t h i s  

does cause some of .the d i f f e r e n c e s .  The energy s p e c t r a  a t  a given range,  

however, he lps  t,o pinpoi.nt t h e  cause ( see  Fig. 2 ) .  The d i f f e rences  could 

be t r aced ,  at least i n  p a r t ,  t o  d i f f e rences  i n  c ross  sec t ions  used. This  

i s  even more evident  Then one cons iders  r e s u l t s  f o r  a I)+-MeV neutron 

source (see F i g .  3 ) .  S e n s i t i v i t y  c a l c u l a t i o n s  were made wit'n t h e  i n e l a s t i c  

s c a t t e r i n g  t r ea t e r :  i n  varying degrees of approximation and ind ica t ed  

t h a t  t h e  e x i s t i n g  r e s u l t s  could be bracketed  by varying t h e  i n e l a s t i c :  

treatmen-t .  'The heavy l i n e s  i n  F ig .  3 are t h e  res1LLt of t r e a t i n g  i n e l a s t i c  

s c a t t e r i n g  as e l a s t i  c s c a t t e r i n g  o r  absorp t ion .  This ind ica . tes  t h a t  

t h e  ci-oss-section input  could e a s i l y  cause t h e  disagreements noted ear l ie r .  

In early 1967, c a l c u l a t i o n s  were made wi th  t h e  A N I S N  d i s c r e t e  o r d i n a t e s  

code and t h e  O5R Monte Carlo code wi th  t h e  c ross -sec t ion  input  based 

on t h e  same po in t  cross-sect ion d a t a .  If t h e  same cross-sect ion information 

were used, the d e t a i l e d  r e s u l t s  of t r a n s p o r t  c a l c u l a t i o n s  us ing  f e w -  

group (22) and only P3 expansion of t he  angle  of s c a t t e r i n g  in d i s c r e t e  

o rd ina te s  codes would a . p c ? e  with results of Monte Carlo c a l c u l a t i o n s  

using po in t  cross sec t ions  ( 2  1000 po in t s  ) and P8 expansion of the angle  

of s c a t t e r i n g .  The excel.l.ent agreement %n these  r e s u l t s 7  agF3.i-n ind ica t ed  
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t h a t  t h e  codes Were not b a s i c a l l y  i n  error. This  same conclusion f o r  

t h e  calcul-at ion of dose i n  I.ithiu-il hydride had been reached a few months 

e a r l i e r  using t h e  sane codes.' 

t h a t  was clbtained. The res2111;s 3.re f o r  the f luence  i n  t h e  8.18- t o  12.2- 

MeV energy group versus range due t o  a po in t  12.2- t o  15-MeV neutron 

source j.n i.nf.i.nj.te a i r .  

Figu:rc I+ i l l u s t r a t e : :  the type  of comparison 

A f t e r  v a l i d a t j  ng t h e  t r a n s p o r t  techniques,  t h e  remsining problem 

w a s  t o  v a l i d a t e  t h e  c ross -sec t ion  inpu-t . Accurate,  u n c l a s s i f i e d ,  experimental  

da . ta  f o r  neutron t r a n s p o r t  i n  i n f i n i t e  homogeneous a i r  a r c  not  avai.7.nbI.e. 

Experimental r e s u l t s  from weapons tes ts  i n d i c a t e  t h a t  tal-cula-tional. results 

w e m  not  wr-01-g by f a c t o r s  g r e a t e r  th~a 2-5 i n  in tegra l .  q u a n t i t i e s ,  and 

i n  SOIW cases  b e t t e r  a"greement xas obtained.  Str:ady--state experimental  

results from Operation HHEN f o r  high source and d e t e c t o r  h e i g h t s  permit 

some conclusions t o  be drawl? by c o r r e c t i n g  f o r  t h e  ground e f f e c t .  For 

t h e  f r e e - f i e l d  dose,  corfiparisons of c a l c u l a t i o n a l  and experimenbal r e s u l t s  

i n d i c a t e  t,hat, ca7.cula.tions of' dose are not o f f  by inore than  a f a c t o r  

of 2. 

Conipwisons of measured and ca l cu la t ed  results' f o r  Operation HENRE 

a l s o  i n d i c a t e  d.isagreemeiits less than  a f a c t o r  of 2 and as l o w  as 1 . 3  

:in some reg ions .  Thus, it is  concluded t h a t  t h e  f ree-f ie ld  dose can 

be calculatKerLo wi th in  a.n..-certai.nty of 20-100% f o r  ranges of approximat* 

a m i l e  and. p-s&bl.y t o  2-3 m:Ll.es wi th  errors less than  a factor .  of 3.  
I- 

For t h e  design of sh ie lded  s t r u c t u r e s  o r  systems, Inore informat.ton 

than t h e  f r e e - f i e l d  dose. i s  obvio1xly i-equired - t h e  energy s p e c t r a  of 

neutrons and secondary #amnia rays art. r equ i r ed ,  sometimes on a time- 

dependent b a s i s .  The staLe-of-the-art  of c a l c u l a t j o n s  f o r  t h e s e  d e t a i l e d  
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3 m g e  for a P o i n t  Isotropic I.?.?- to 15-MeV Source in I n f i n i t e  Homogeneous 

A i r .  
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reslilts has been i l l u s t r a t e d  p r = e ~ i o u s l y ~  i f  t h e  c ross  s e c t i n n s  are 

vo r rec t .  There liave beer. ,;eueral a t t ~ i i l p t s l - ~  a t  proving t h e  c ros s  

s e c t i o n s  by comparison of c a l c u l a t i  on5 w i  til di f f e r e n t i a l  r e s u l t s  

from expesiments .i z i  i d e a l i z e d  geometries.  

of such experinierits they  can perhaps only  be performed under l a b o r a t o i x  

-.-.-I co:iiditi.ons __I- 3 bu t  r e s u l t s  from f i e l d  rrieasuremnts a r e  needed t o  check -the 

mort:! i n t e g r a l  q u a n t i t i e s  which a r e  most pertir ieii t  i n  real l i f e .  It  has  

been s h o w ~ ~ o t h a t  t h e  s-tea&y-sta.t;e integra-Led nii i l t icoll isi .on dose i n s i d e  

concrete  strnctzres does not depend strong1.y on t h e  ?-adtat ion spectmm 

incident; ou t s ide  wi th in  some l i m i t e d  v a r i a t i o n s .  However, f o r  t h e  determinat ion 

o f  rate e f f e c t s  such a:? time-dependent secondary gaima-ray dose or f o r  

t h e  determinat ion of  t h e  t o t a l  energy depos i ted ,  t h e  importance o f  knowing 

t h e  d e t a i l e d  energy s p e c t r a  has not been adequately determined. The 

s a f e  approach i s  t o  aktempt t o  provide accura te  s p e c t r a ;  t h u s ,  one s t r i v e s  

t o  f i n d  the %est" cross -sec t ion  s e t  a v a i l a b l e .  

Because of t h e  complexity 

To i l l u s t r a t e  t h e  "sta'itl-.of-the-ar"cl r e s u l t s  obtained. i n  t h e  pas-I; 

t w o  yea r s  f o r  t r a n s p o r t  of I4-MeV neutrons i n  i n f i n i t e  a i r  are shown i n  

Fig. 5 .  Resul t s  a r e  converging wi th  t i m e ,  bu t  apparent ly  f a i ~ r l y  slowly. 

A Pactor of 4 spread i.n resul-ts at 1.000 meters i n  F ig .  3 i s  only a f a c t o r  

of 1 . 6  now. T h i s  i i l . u s t r a t e s  t h a t  any experimental  d a t a  f o r  a i r  t r a n s p o r t  

i n  o rde r  to._be iiseful i n  deci-ding which c a l c u l a t i o n s  are c o r r e c t  milsf; 

be accura te  t o  - +20% or  b e t t e r  on an  absolu te  b a s i z .  

progress t ha t  has  been made i n  i-mproving t h e  r e s u l t s  f o r  t r a n s p o r t  i n  

a i r  have been based on r e s u l t s  f o r  i n f - in i t e  homogeneoirs a7.r because -";his 

i s  the si ixpiest  r a d i a t i o n  tra.llspoi*t case.  However, t h e r e  a r e  at l eas t  

three areas of -radiation t r a n s p o r t  i n  the atmosphere t h a t  iiiiist be 

Examples of the 
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considf:red. 'These &re (1) expcmential a i r ,  i .e. , s o i ~ - ~ c e s  at, he igh t s  

g r e a t e r  than % 30,000 ft, ( 2 )  i n f i n i t , e  homogeneous a i r ,  i . e . ,  sources  

between % 2,000 and 30,000 f t ,  and ( 3 )  a j .~ - -g~o imd3  i .e . ,  sources or d e t e c t o r s  

at altitiizdes less %ha1 % 2,000 f t .  A f u r t h e r  subdi-vision of some of 

t l iese weas could he nade. For exariple, t h e  exponent ia l  a i r  p-~oblem 

could. be f i r t h e r  d iv ided  t o  sepa ra t e  the  exoatmosphere source where t h e  

cu.~'-va.Cure of t h e  atmosphere must be considered,  and t h e  i n f i n i t e  a i r  

and. air-cvcr.-,,ground problem coul.d be sulidivlded t o  sepa ra t e  out problems 

where t h e  shock wave shou1.d be considered. These subdiv is ions  have been 

omit ted here .  

Information Cur ren t ly  Avail.able. It  i s  r a t h e r  obvi.ous b u t  i t  m i l s t  

be  emphasized -- t h e  r e s u l t s  included i n  t h e  following t a b l e s  are the  ones 

of  which t h e  au thor  i s  aware and i nc lude ,  1qit.h a few except ions ,  on ly  

those  t h a t  have appeared in t h e  u n c l a s s i f i e d  l i t e r a tu i - e .  There i s ,  

undoiibtedly, a l a r g e r  numiher of unpubl.ished r e s u l t s  and results f o r  

specifric app l i ca t ions  but  t hese  a r e  not included.  

A com;~ j l s t i on l l  of t r a n s p o r t  codes which can b e ,  o r  have been, insed 

f o r  a i r  t r a n s p o r t  i n d i c s t e d  t h a t  some 20 codes have been used t o  genera te  

a i r  t r a n s p o r t  da ta .  With such a l a r g e  number of codes one might expect 

an abundance of publ ished and unpublished a i r  t r a n s p o r t  r e s u l t s .  

A.  Ex-onrnt- ia l  --_-.4__11. A i r  

Only Monte Carlo codes have been used t o  determine r a d i a t i o n  fields 

t a k i n g  into account the nor?uni.:€'ormif,y of t he  a't;mosph,ere . The inpor tance  

of t h e  a i r  densS.ty v a r i a t i o n  , of course,  changes gradual ly  wi th  al t i t ,ud.e ,  

b u t  e f f e c t s  of .the order  OP 20-50% becornc? no t i ceab le  ( o u t s i d e  s t a t i s t i c s  

of the Monte C a r l o  results) f o r  a l - t i t udes  -greater than  about 30,000 f t .  
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A t  lower a l t i t u d e s  t h e  i n f i n i t e  a i r  r e s u l t s  may be used with pR s c a l i n g ,  

thereby t ak ing  i n t o  account t h e  a c t u a l  moun t  of a i r  between source and 

d e t e c t o r  t o  account f'or dens i ty  v a r i a t i o n s .  The results f o r  sources  

at  high a l t i t u d e s  are given i n  Table I .  TJisted a r e  t h e  approximate number 

of r e p o r t  pages t o  a i d  one i n  e s t ima t ing  t h e  amount of' data a v a i l a b l e .  

There i s  probably t e n  t i m e s  t h i s  m o u n t  of information a v a i l a b l e  i n  c l a s s i f i e d  

r e p o r t s ,  i n t e r n a l  memos, and compmer ou tpu t s .  

S. T n f i n i t e  Homogeneous A i r .  Recausc t h e  r a d i a t i o n  t r a n s p o r t  i s  

s impler  i n  i n f i n i t e  a i r  (one-dimensional)  and because r e s u l t s  f o r  i n f i n i t e  

a i r  can be used t o  approximate, i n  some sense ,  r a d i a t i o n  fi.elds for source 

he igh t s  both hi gher and lower than  those  mentioned previous ly ,  t h e r e  

has been a l a r g e  number of c a l c u l a t i o n s  for t h i s  case .  Table I1 gives  a 

summa~y of those  c a l c u l a t i o n s ,  It w i l l  be some time be fo re  t h e  " r i g h t "  

s e t  of r e s u l t s  ( ? . e . ,  " r igh t "  c ros s  s e c t i o n )  can be p inpoin ted ,  and  t h u s  

there w i l l  undoubtedly be many more c a l c u l a t i o n s  made .) Various recommendations 

such as t a k i n g  the m o s t  conserva t ive  ( h i g h e s t  i n t e n s i t y )  r e s u l t s  o r  t h e  

r e s u l t s  based on t h e  most r e l i a b l e  c ross  s e c t i o n s ,  e t c . ,  have been made -- 
but  it apparent ly  i s  l e f t  as 5i1i e x e r c i s e  f o r  t h e  r e a d r r  t o  determine 

which set  i s  "bes t .  " 

C Air/Ground. Because t h e  a i r lg round  c a l c u l a t i o n  i s  two-dimensional, 

it has only been i n  t h e  l a s t  t h r e e  yea r s  t h a t  codes o t h e r  t h m  Monte 

Carlo have been used." For t h i s  two-dimensional geometvj t h e r e  i s  a l s o  

good agreement' f o r  results obta ined  by d i s c r e t e  o rd ina te s  and Monte 

Carlo when the  same cross s e c t i o n s  are used, and, therefore, as i n  the 

i n f i n i t e  a i r  case ,  t h e  problem reduces t o  a determinat ion o f  t h e  " r igh t "  

cross s e c t i o n .  Since t h e  neutron t r a n s p o r t  i.s dominated by t h e  a i r ,  

36 
The development of t h e  two-dimensional d i s c r e t e  o rd ina te s  code EOT by 
I<'. t!. Mynatt has providpti an e f f i c i e n t  means of deterniining d e t a i l e d  energy 
angular d i s t r i b u t i o n s  f o r  t h e  a i r  over ground case 
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t h e  same comments regard ing  c ross  spc t ions  madp €or %he i n f i n i t e  a i r  

case hold.  There have been s e v e r a l  c a l c u l a t i o n s  f o r  t h e  air/grcJurLd case 

8,s shown i n  Table JII. Disagreements i n  r e s u l t s  f o r  t h e  air/p-roi*nd case 

are e s s e n t i a l l y  t h e  same as f o r  t h e  i n f i n i t e  a i r  case .  All nf t h e s e  

c a l c u l a t i o n s  w e r e  made for f l a t  ground wi th  no f e a t u r e s  i n  t h e  t e r r a i n ;  

bu t  only f o r  very severe  undula t ions  i n  t h e  t e r r a i n s  would t h e r e  be signific:mL 

e f f e c t s  i n  the t o t a l  dose. 

i n  t h e  peak rates if t h e  source o r  d e t e c t o r  and i t s  immediate a r e a  were 

shadowed by a hill. ) 

BREN19-21 and zIENRE22-28 a r e  given f o r  completeness.  

( F o r  t i m e  dependence t h e r e  would be a reductjon 

References f o r  experimental  d a t a  T'rom Operations 

Approach t o  General Problern. From t h e  previous t a b l e s ,  it can be  

seen t h a t  t h e r e  are some 3,285 pages o f  published information on a i r  

t r a n s p o r t .  One may ask w h a t  can be done with it. 

I n  many cases  the results e x i s t  i n  g raph ica l  form. This i s  a very 

h e l p f u l  a i d  i n  determining t r e n d s ,  approximate i n t e n s i t i e s ,  e t c .  Rut 

i n  many cases  one wants t o  cons ider  a d i f € e r e n t  source spectrum than  

t h a t  f o r  which t h e  publ ished d a t a  are a v a i l a b l e  o r  w a n t s  t o  perform some 

o the r  c a l c u l a t i o n  wi th  a given energy-angular d i s t r i b u t i o n  as a source.  

Many t i m e s  t h e  

t a b l e s .  Other 

d e s i r e d  i s  not  

t h e  problem of 

d e s i r e d  information may be  obta ined  from t h e  publ i shed  

t i m e s ,  t h e r e  i s  not  enough d e t a i l  or the exact  information 

publ ished.  There are at l eas t  two approaches in  so lv ing  

" d i f f e r e n t  source."  One i s  very d i r e c t  -- r epea t  tile 

c a l c u l a t i o n s  wi th  t h e  real source.  For some cases  t h i s  i s  indeed t h e  

best way. For i n s t a n c e ,  if energy angular  d i s t r i b u t i o n s  are requi red  

f o r  s t eady- s t a to ,  i n f i n i t e  a i r ,  t hen  it is  e a s i e r  t o  c a l c u l a t e  r e s u l t s  

for a given source spectrum than it i s  t o  e d i t  and combine r e s u l t s  from 
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Richards2 

Wells 1960 

Spieiberg3" 1961 
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j 1963 
E i s e m a u e r  1965 
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Johnson3 1965 
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I 1965 
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B I 
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I 

Car lo  1 8 Energies  3 
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14 MeV 

K-73 
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1965 
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s t r ake r 6 
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Karcher ' Monte 
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DeVrles Monte 
Carlo 

14 MeV 75 

Monte 
Carlo 

9 Energies 10 Yampolskii 42 

Keith and 
sile1ton4 1 1968 Monte 

Carlo 

1963 K e i t h  and 
She 1 ton ' It 
'~ .~eb s t e r  ' * 

1 2  Energies  

12 Energies 

Mo nt  e 
Carlo 

Monte 
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Discre te  
Ordinates 

1969 

15 65 Straker  and 
Grit m e r  

Hans en , 

4 6  

e t  al. 1 I 50 

Monte 1 4  MeV 
Carlo 

* + denotes f luence ,  g denotes secondary garrims ray, 0 denotes dose. 
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previous c a l c u l a t i o n s .  If t h e  cal .culati  ons a r e  " d i f f i c u l t "  or l l ~ ~ ~ t l y ' l  

another  approach i s  t o  approximate t h e  source spectrum hjr combining r e s u l t s  

f o r  14-MeV, f i s s i o n ,  and energy band sources .  Sometimes one h e s i t a t e s  

i n  making t h i s  "approximation," bu t  many t imes such fears have been demonstrated 

t o  be unfounded when d i f f e rences  between t h e  approximated spectrum and 

t h e  d e s i r e d  one are r e l a t i v e l y  s m a l l .  The importance of' t h e  source spectrum 

can be e a s i l y  determined by comparing publ i shed  r e s u l t s  f o r  d i f € e r e n t  

source energy bands.  The importance of c a l l i n g  a 10-MeV neutron 6 MeV 

can be a sce r t a ined  ( s e e  F ig .  6). 

one may consider  it t o  be composed of f i s s i o n  and 14-MeV components, 

o r  a modified t y p i c a l  spectrum, o r  cornpounded from Pnergy band s p e c t r a .  

T o  a i d  i n  so lv ing  t h i s  type  of' problem, d e t a i l e d  energy, angle ,  space ,  

and time-dependent r e s u l t s  5 0  for t h e  a i r /ground case  are a v a i l a b l e  on 

Tn approximating a source spectrum, 

t ape  with e d i t  arid fo ld ing  codes s o  t h a t  the problem of combining source 

s p e c t r a  f o r  t h e  a i r /g round  case i s  minimized. S imi l a r  data a t  o the r  

source he igh t s  may be obtained f r o m  t h e  50-ft source he igh t  d a t a  s i n c e  

t h e  e f f e c t  of source he igh t  on energy and t ime d i s t r i b u t i o n s  i s  s m a l l , '  

t h e  e f f e c t  on i n t e n s i t y  can reasonably be approximated by French ' s  f i r s t -  

las t  c o l l i s i o n  model,51 and t h e  e f f e c t  on angular  d i s t r i b u t i o n s  may be 

determined by r o t a t i o n  of coord ina tes  t o  angles  from source-receiver  

a x i s .  T h i s  r equ i r e s  some data handl ing,  bu t  i t  i s  perhaps e a s i e r  t han  

redoing t h e  complete c a l c u l a t i o n .  

S e n s i t i v i t y  c a l c u l a t i o n s  can also be used t o  determine t h e  Lmportance 

of some e f f e c t s .  For example, t h e  e f f e c t  of t h e  ground composition on 

t h e  neutron dose due t o  a f i s s i o n  source w a s  determined49 by vary ing  

t h e  ground compositions.  The conclusion w a s  t h a t  f o r  reasonable  
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v a r i a t i o n s  t h e  ground composition has l i t t l e  e f f e c t  on t h e  dose or even on 

t h e  spectrum { i f  t h e  thermal  neutron f luence  i s  not i nc luded) .  

s e n s i t i v i t y  of  secondary gamma-ray dose t o  va r ious  ground c r o s s  s e c t i o n s  

i n d i c a t e s 9 t h a t  for a 12.2- t o  15-MeV source t h e  gamma rays born i n  t h e  

ground con t r ibu te  l i t t l e  t o  t h e  gamma dose a t  t h e  i n t e r f a c e ,  and f o r  

a f i s s i o n  source t h e  thermal  captures  i n  t h e  ground are Important (>20%) 

for ranges less than 1,000 meters .  Thus, i f  (n ,xy )  c ros s  s e c t i o n s  f o r  

fast  neutrons f o r  elements i n  t h e  ground are changed cons iderably ,  t h e  

gamma-ray dose at t h e  i n t e r f a c e  w i l l  no t  be a f f e c t e d  s i g n i f i c a n t l y  f o r  

a 12.2- t o  15-MeV source.  Other s e n s i t i v i t y  c a l c u l a t i o n s  of t h i s  type 

have been, and should b e ,  performed i n s t e a d  of more product ion c a l c u l a t i o n s  

of air t r a n s p o r t  results. 

Also,  

With t h e  fast computers and the abundance of neutron and gamma- 

ray  t r a n s p o r t  codes today ,  it i s  f r equen t ly  decided t h a t  new c a l c u l a t i o n s  

should be performed i n s t e a d  of t r y i n g  t o  use t h e  r e s u l t s  of o t h e r s .  This  

appears r i d i c u l o u s ,  but i n  t h e  p a s t  couple of yea r s  t h e  t r e n d  has no t  

changed and probably won' t .  Thus, f o r  t h e  person charged wi th  compiling 

a i r  t r a n s p o r t  results, it appears t h a t  he has a l i f e t i m e  job .  
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