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NlJCLEAK WEAPONS FREE-FIELD ENVI KONMEN'T RECOMMENDED 

FOR INlTIAL RADIATION SHIELDING CALCULATIONS" 

Ti. J. A. Auxier,  Z.  G ,  Burson,+ R. L. French, 

F .  F.  I-taywood, L. G ,  Mooney," and E .  A. S t r a k e r  -F1-l- 

ABSTRACT 

A review o f  t h e  i n d i v i d u a l  components o f  t h e  i n i t i a l  
n u c l e a r  r a d i a t i o n  f i e l d  from an in t e rmed ia t e  y i e l d  tiiermo- 
n u c l e a r  weapon has  been completed. 
was t o  develop c r i t e r i a  f o r  use by persons i n t e r e s t e d  i n  
de te rmining  i n i t i a l  r a d i a t i o n  p r o t e c t i o n  o r  dose t r a n s -  
mission f a c t o r s  f o r  c i v i l  defense  s t r u c t u r e s ,  Parameters  
which were i n v e s t i g a t e d  inc luded  energy and angu la r  d i s t r i -  
bu t ions  o f  neut rons  and gamma rays a t  t h e  source  3s well as 
those  i n c i d e n t  on t h e  s h i e l d ;  t r ansmiss ion  of  neu t rons  and 
gamma rays  through s h i e l d i n g  material;  t r i p l e  p o i n t  over- 
p r e s s u r e  as a func t ion  o f  angle  of  inc idence  a t  t h e  p o i n t  
of i n t e r e s t ;  and dose as a func t ion  of d i s t a n c e ,  weapon 
y i e l d ,  and ove rp res su re .  Data a r e  p re sen ted  f o r  t h e  above 
parameters  e In a d d i t i o n ,  t h e  recommended c r i t e r i a  f o r  
c a l c u l a t i n g  i n i t i a l  r a d i a t i o n  p r o t e c t i o n  o r  dose t rnnsmissbn  
f a c t o r s  are given.  

The purpose o f  t h i s  work 
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I ~ SUMMARY 

The important  components and c h a r a c t e r i s t i c s  of  t h e  r a d i a t i o n  environ-  
ment due t o  i n i t i a l  niuclear r a d i a t i o n s  from n u c l e a r  weapons are d i s c u s s e d  

from t h e  viewpoint o f  t h o s e  persons concerned wi th  s h i e l d i n g  f o r  c i v i l  

defense purposes .  C e r t a i n  g u i d e l i n e s  used i n  e s t a b l i s h i . n g  t h e  c r i . t e r i a  

which a r e  recommended were s t i p u l a t e d  by t h e  Subcoiiimittee on S h i e l d i n g  o f  

t h e  Committee on C i v i l  Defense o f  t h e  Nat iona l  Academy o f  Sc iences .  Based 

on t h e s e  guides t h e  au thors  reviewed t h e  informat ion  developed dur ing  t h e  

p a s t  decade and then  composed t h i s  r e p o r t ,  
Separa te  normalized energy a i d  a n g u l a r  d i s t r i b u . t i o n  parameters ,  ai.P- 

ground secondary- gamma rays  and f i s s i o n - p r o d u c t  gamma rays  based on t h e  
fol lowing c r i t e r i a  are recornmended f o r  c a l c u l a t i n g  i n i t i a l  r a d i a t i o n  

p r o t e c t i o n  o r  dose a t t e n u a t i o n  f a c t o r s  : 
1. A f i s s i o n  t o  f u s i o n  energy y i e l d  r a t i o  O F  S O / S O .  

2 ~ A " typica l"  intermedi-ate  y i e l d  thermonuclear  
neut ron  spectrum leaking  from t h e  weapon. 

3.  A "halo-source,"  i . e . ,  because t h e  d i r e c t i o n  

t o  the de tona t ion  cannot be known i n  advance, 
t h e  de tona t ion  i s  assumed t o  have occurred  i n  

a r i n g  around the  observer  (equal probabi  l i t i e s  

i n  a l l  azimuthal d i r e c t i o n s ) ,  

.Angular d i s t r i b u t i o n  o f  t h e  r a d i a t i o n  a t  t h e  

s h i e l d  be chosen such t h a t  t h e  source  woi.ild 
appear  a t  an angle  of  e l e v a t i o n  o f  45" above 
the h o r i z o n t a l  p lane  o f  t h e  d e t e c t u r .  

4. 

5.  A s o u r c e - d e t e c t o r  d i s t a n c e  of 1200 m i n  an 

i n f i n i t e  a i r  medium. 
6.  To a i d  i n  t h e  understanding o f  t h e  c r i - te r ia ,  

dose as a f u n c t i o n  o f  p s i  is  given f o r  s e v e r a l  
cases f o r  s e l e c t e d  b u r s t  h e i g h t s .  

C r i t e r i a  3 - 5 a r e  a p p l i c a b l e  only i n  determining t h e  normalized 
energy-angular  d i s t r i b u t i o n ;  t h e  a c t u a l  i n t e n s i t i e s  o f  t h e  t h r e e  rauli - 

a t i o n  components should be developed f o r  t h e  a c t u a l  b u r s t  h e i g h t s  and 
s e p a r a t i o n  d i s t a n c e s  or' i n t e r e s t .  
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General recommendations f o r  a p p l i c a t i o n  are a l s o  given.  However, 

a l l  c o n s i d e r a t i o n s  given h e r e i n  are in tended  t o  s e r v e  as a p o i n t  of 
depa r tu re  and it i s  assumed t h a t  f u r t h e r  work i n  t h e  f i e l d  may i n d i c a t e  

t h e  need f o r  changes i n  t h e s e  cri teria.  For  example, t he  d e t a i l e d  t rea tment  
of t h e  s h e l t e r  entrance-way problems may r e q u i r e  f u r t h e r  i n v e s t i g a t i o n  of  
t h e  angu la r  d i s t r i b u t i o n s  recommended. 
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I I .  INTRODUCTION 

Over t h e  p a s t  decade, t h e  Radiat ion S h i e l d i n g  Subcoininittee o f  the 

Nat iona l  Academy o f  Sc iences  Advisory Cotrimittee on C i v i l  Defense, h a s  
developed e x t e n s i v e  c r i r e r i a  and engineer ing  methods f o r  f a 1  l o u t  r a d i -  

ati.ons a However, f o r  t h e  i n i t i a l  r a d i a t i o n s  (both neutrons and gamma 

r a y s ) ,  such c r i t e r i a  have been delayed because o f  t h e  complexi t ies  o f  
the problem and t h e  l a c k  of  some important  i npu t  d a t a .  
t h a t  t h e  problem i s  manageable i f  t h e  c r i t e r i a  a r e  chosen proper ly .  The 

Subcommittee ass igned  t o  a working group composed O F  t h e  au thors  o f  t h i s  

r e p o r t ,  t h e  r e s p o n s i b i l i t y  o f  w r i t i n g  t h e  c r i t z r i a  t o  be  used as j.nput 
t o  s h i e l d i n g  ca l c i z l a t ions  f o r  t h e  i n i t i a l  r a d i a t i o n s  :From n u c l e a r  weapons ~ 

Now it appears 

In p r e l i m i n a r y  r e p o r t s  and d i s c u s s i o n s  wi th  .the Subcommittee a s e t  
of c o n t r o l l i n g  g u i d e l i n e s  was e s t a b l i s h e d .  Thess inc luded  t h e  fol lowing:  

1. The c r i t e r i a  should be u n c l a s s i f i e d .  
2 .  The c r i t e r i a  should he as si.mple as p o s s i b l e  b u t  

s u f f i c i e n t  t o  provide meaningful answers t o  rea l  
s h i e l d i n g  problems, 

3. Three c l a s s e s  o f  r a d i a t i o n ,  n e u t r o n s ,  gamma rays  

from f i s s i o n  p r o d u c t s ,  and gmma rays  from neut ron  
i n t e r a c t i o n s ,  should be considered s e p a r a t e l y .  

4 .  A weay,on y i e l d  o f  300 K T  should be  assumed as 
t y p i c a l  o f  ,those o f  g r e a t e s t  importance,  wi th  

l e s s e r  enuphasis on 40 KT and 1 MT. 

5. The ranges of  pr imary i n t e r e s t  should be  def ined  

by t h o s e  Tailges f o r  which t h e  maximum overpressure  
was between 5 and 30 p s i .  

6 .  The environment can be descr ibed  by one normalized 
energy and a n g u l a r  d i s t r i b u t i o n  f o r  each r a d i a t i o n  

component f o r  a l l  c o n d i t i o n s ,  
7.  Typical  i n t e n s i t y  curves f o r  t h e  r a d i a t i o n  f i e l d  

should  be given as an example. 

The working grouy has endeavored t o  i d e n t i f y  the c r i t i c a l  parameters  
and t o  i n d i c a c e  thci-r  r e l a t i v e  importance.  The recommended c r i t e r i a  aye 

bascd on a survey o f  b o t h  c l a s s i f i e d  and unrclassi i ied soiirces o€ weapons 
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r a d i a t i o n  d a t a  as well as t h e  e x t e n s i v e  exper ience  o f  t h e  subcommittee 

members i n  t h i s  f i e l d .  . T u s t i f i c a t i o n  o f  t h e  c r i t e r i a  i s  based on unc lass i -  
f i e d  d a t a  and r e p o r t s ;  i n  one o r  two i n s t a n c e s  no j u s t i f i c a t i o n  o t h e r  than  

a consensus of educated guesses  was p o s s i b l e ,  b u t  t h e s e  a r e  d i scussed  a t  

t h e  appropr i a t e  p o i n t  i n  t h e  t e x t .  
and p resen ted  i n  new forms are u n c l a s s i f i e d .  

in tended  t o  s e r v e  as t h e  p o i n t  o f  depa r tu re  f o r  a c t u a l  s h i e l d i n g  c a l c u l a t i o n s  

of  i n t e r e s t  i n  c i v i l  defense .  S ince  t h i s  r e p o r t  i s  in tended  t o  be use fu l  
p r i m a r i l y  t o  s h i e l d i n g  e x p e r t s ,  t h e  r e a d e r  i s  assumed t o  have a h i g h  degree 

of  f a m i l i a r i t y  wi th  t h i s  f i e l d ,  

A l l  d a t a  reproduced h e r e i n  o r  reana lyzed  
The informat ion  p resen ted  i s  
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111. SPECTRA 

A. Source Leakage S p e c t r a  

I t  i s  d e s i r a b l e  t o  choose a source  spectrum t h a t  will produce a 

I 

r a d i a t i o n  f i e l d  a t  t h e  p o i n t  o f  i n t e r e s t  ( o u t s i d e  o f  a s h i e l d  t o  be  con- 

s i d e r e d )  r e p r e s e n t a t i v e  o f  r e a l  condi t ions  t o  k e  encountered.  For  
s i m p l i c i t y  of a p p l i c a t i o n  to s h i e l d i n g  c a l c u l a t i o n s ,  a s i n g l e  neut ron  

spectrum i s  d e s i r a b l e .  
I n i t i a l l y  a s tudy  was rnade t o  e v a l u a t e  t h e  v a r i a t i o n  of r a d i a t i o n  

dose a t  one mile (% 1600 in) as a func t ion  o f  t h e  neut ron  spectrum a t  t h e  
source.  Sources composed o f  "14 MeV" and " f i s s i o n "  neut rons  o f  varying 
p r o p o r t i o n s  were s e l e c t e d .  

neut ron .  A t h i r d  neutron source c o n s i s t i n g  of a " t y p i c a l "  t h e m o n u c l e a r ' ~  
spectrum, was chosen f o r  comparison. 

was t o  examine the  s e n s i t i v i t y  of dose t o  t h e  neut ron  spectrum a t  t h e  

source .  Therefore ,  t h e  f i s s i o n - p r o d u c t  gamma rays are no t  inc luded ,  

The sources  were normalized t o  a u n i t  leakage 

The purpose of  t1ii.s i n i t i a l  s tudy  

The combined neutron and a i r - secondary  gama- ray  t i s s u e  doses ( r ads )  
were determined a t  1600 m ,  both i n  a f r e e - f i e l d  l o c a t i o n  and beneath a 

60 cm s l a b  of s t a n d a r d  concre te .  Normal inc idence  was assumed and t h e  

r e s u l t s  are given i n  'Table 1. The r e s u l t s  i n  Tab1.e 1 were obta ined  from 
many soiirces of in format ion;  ('--') tiiey are simply r e p r e s e n t a t i v e  values  

and a r e  n o t  t o  be  used q u a n t i t a t i v e l y .  Never the less ,  it i s  seen t h a t  t h e  

f i n a l  r a d i a t i o n  l e v e l s  are riot very s e n s i t i v e  t o  t h e  neut ron  spectrum a t  

t h e  s o u r c e ,  
A t y p i c a l  thermonuclear (TN) spectrum produced r a d i a t i o n  l e v e l s  

n e a r l y  midway between t h e  twc extremes ( p u ~ e  14  MeV o r  pure  f i s s i . on ) .  Since 

n e i t h e r  of t h e s e  two extremes i s  l i k e l y ,  i.t i s  recommended t h a t  t h e  ?'N 

spectr7.irn be use6 as a s t a n d a r d .  
The TN spectrum, presumably r e p r e s e n t i n g  t h e  leakage spectrum from a 

"tyi7icall '  i n t e r m e d i a t e  y i e l d  thermonuclear weapon, was t r a n s m i t t e d  t o  
C. E .  C l i f f o r d  from B.  C. D i ~ e n ' ~ )  and subsequent ly  used i n  t r a n s p o r t  

c a l c u l a t i o n s  (1'8'9) 
r e f e r e n c e ,  t y p i c a l  'TN s p e c t r a  f o r  low- and h i g h - y i e l d  devices  a r e  a l s o  

gi.ven i n  Table  2 .  

appear  i n  t h e  next  r e v i s i o n  o f  The Effects o f  Nuclear  Weapons. 

I t  i s  reproduced i n  Table  2 and Fi.g, 1. For 

I t  i s  expected ( l o )  t h a t  s i m i l a r  neut ron  s p e c t r a  will 

-I__- -- 
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Table 1 .  Combined Neutron and Air-Secondary Gamma Ray Dxes in Rads 
(normalized to intermediate thermonuclear yield) at a Slant Range 

of 1600 Meters in Infinite Air 
__ 

Source Conuosition* 
(Lcakage Fraction) Free-Field Dose Dose Under 60 cm 

at Interfacet of Standard (.:oncsetet .... II__ .__._.I___ 

“14 McV” Fission 
_I__... 

1 .00 0 
0.50 0.50 
0.40 0.60 
0.30 0.70 
0.25 0.75 
0.20 0.80 
0.15 0.85 
0.10 0.90 
0.05 0.95 
0 I .oo 
‘Ihennonuclear 

(Interrncdiitte Yicld) 

.I_.._._ 

1.63 
1.18 
1.09 
I .00 
0.96 
0.9 1 
0.87 
0.83 
0.78 
0.74 

1 .OO 

1.98 
1.2s 
1.1 1 
0.96 
0.87 
0.81 
0.74 
0.67 
0,57 
0.52 
1.00 

*Sources (“14 MeV”, and fission) normalized to a unit leakage neutron 
t Note that each column i s  independently normalized to the thermonuclear 

case. 

Table 2. Neutron Leakage Spectra of Thermonuclear Devices 
NeutronslGroup 

Energy Interval 
(MeV) 

Intermediate Low Yield High Yield Yield 

12.2-15 
lo.& 12.2 
8.18.- 10.0 

4.04-6.36 
6.36 -8.18 

4.06 -4.96 
3.01.- 4.06 
2.46.- 3.01 
2.35.- 2.46 
1.86-2.35 
1.11.- 1.86 
0.55.- 1.1 I 

0.111--0.55 
3.35(-3)*-0.111 
5.83(--4) .-3.35(-- 3 )  
1.0 1 (-.-4)---5.83(-4) 
2.9(-5)- 1.01(-4) 

0.0158 
0.0064 
0.0048 
0.0068 
0.0100 
0.0125 
0.0267 
0.0238 
0.0058 
0.0325 
0.0750 
0.0917 
0.1 167 

0.2750 
0.0833 
0.0078 

0.2083 

0.0706 
0.0256 
0.0141 
0.0147 
0.0180 
0.0170 
0 0260 
0 0190 
0 0050 
0 0280 
0 0620 
0.085 0 
0.1020 
0 355 
0.1220 
0.0240 
0.002 

0.0240 
0.0106 
0.0085 
0.0102 
0.61 10 
0.0107 
0,0180 
9.0164 
0.0037 
0.0220 
0. OS 3 7 
0.0745 
0.1453 
0. s 5 90 
0.9287 
0.0041 
0.0 

*Reads 3.35 X lo-’ 
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The f i s s i o n - p r o d u c t  gamma-ray energy spectrum emi t t ed  a t  t h e  source 
i s  assumed t o  b e  t h a t  measured by F i s h e r  and Engle (11) i n  t ~ i e  time i n t e r v a l  

0 ,2-0 .5  sec a f t e r  f i s s i o n  o f  235U. 
s e n t a t i v e  of t h a t  f o r  a l l  t ime i n t e r v a l s  o f  i n t e r e s t  a f t e r  f i s s i o n  because 
of t h e  i n s i g n i f i c a n t  change shown i n  t h e  measured d a t a  f o r  longer  times, 
The spectrum i s  shown i n  Fig.  2.  

This  spectrum i s  assumed t o  b e  r ep re -  

B.  I nc iden t  SrJectra a t  t h e  S h i e l d  

Both t h e  neu t ron  and secondary gamma-ray s p e c t r a  from a t y p i c a l  TN 
source  vary s lowly  wi th  range f o r  ranges g r e a t e r  than  approximately 600 m. 

Also it bas been shown (12’ t h a t  t h e  ground has  l i t t l e  e f f e c t  on t h e  fast 

neut ron  s p e c t r a  and on t h e  gamma-ray s p e c t r a ;  t h e r e f o r e ,  s p e c t r a  f o r  
i n f i n i t e  a i r  may be used as a reasonable  approximation. 

For t h e  i n t e r m e d i a t e  y i e l d  TN source,  total f luence  i n  s e v e r a l  energy 
g r o q s  i s  shown versus  range i n  i n f i n i t e  a i r  f o r  neu t rons  i n  F igs ,  3 and 4 
and f o r  a i r - secondary  gamma rays  i n  Fig.  5 .  For t h e  d i s t a n c e s  of i n t e r e s t ,  

on ly  small changes i n  t h e  energy d i s t r i b u t i o n  a r e  observed,  as evidenced by 
t h e  curves i n  F igs ,  3-5 be ing  n e a r l y  p a r a l l e l .  These d a t a  a r e  from 

c 1) OWL- 446 4 
The c l o s e s t  d i s t a n c e  of p r a c t i c a l  i n t e r e s t  i s  about 525 m (40 KT, 

100 p s i ) ;  t h e  f a r t h e s t  d i s t a n c e  i s  about 4000 In (1 MT, 10 p s i ) ,  However, 

t h e  cond i t ions  where i n i t i a l  r a d i a t i o n  s h i e l d i n g  technology will be t h e  

most u s e f u l  a r e  t h o s e  where i n i t i a l  r a d i a t i o n  becomes t h e  l i m i t i n g  c r i -  
t e r i o n  and t h e s e ,  i n  gene ra l ,  a r e  high ove rp res su res  from low y i e l d  weapons, 
The ranges o f  i n t e r e s t  then  become approximately 9 O G  m (40 KT, 30 p s i )  t o  
1700 m (300 KT, 30 p s i )  Therefore ,  spectrum a t  1200 In i s  recommerided as 
reasonably  r e p r e s e n t a t i v e  of a l l  ca ses  o f  i n t e r e s t ,  S t r i c t l y  speaking ,  
equ i l ib r ium i s  n o t  ob ta ined  i n  any of  t h e  three components 

f o r  neu t rons  above 8 MeV*. However, i t  was f e l t  t h a t  changes i n  the 

s p e c t r a  a t  g r e a t e r  d i s t a n c e s  were n o t  i n  themselves  worthy of f u r t h e r  
c o n s i d e r a t i o n s .  

p a r t i c u l a r l y  

*Source neu t rons  g r e a t e r  than  8 !MeV make up 8.5% of  t h e  leakage spectrum 
f o r  an in t e rmed ia t e  y i e l d  TN weapon. Neutrons above 8 MeV at 1200 m 
represent .  less than 1% of  t h e  t o t a l  f l uence  a t  t h a t  p o i n t ,  
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(11) 
Figure  2 ,  Energy D i s t r i b u t i o n  o f  G a m m a  Rays Emitted Dur ing  the  

Tiiiie I n t e r v a l  0.2-0.5 Seconds Following 351J F i s s i o n  
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Figure 3 .  Neutron S p e c t r a l  D i s t r i b u t i o n  Below 5.83 x I O - ”  MeV as 
a Function of  S l a n t  Range from an In te rmedia te  Yield 
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Th e rinonm 1 e a r  We ap on 



13 

O R N L  - D W G .  71-3 
I I I 1 0 '  I I A -  0.02 - 0.05 MeV 
0 -  0.05 - 0.1 M e V  
(2-0.1 - 0.2 MeV 
D - 0.2 - 0.3 M e V  
E - 0,3- 0.4 MeV 
F-0 .4-  Q . 6 M e V  
G - 0.6- 0.e MeV 
H - 0.8- I.OMieV 

II - 1.0- 1.33brhL" 
J - 1.33- 1.66 MeV 
K "  1 . 6 6 - 2 . 0 M a V  
L - 2. 0 - 2.EjMcV 
M - 2.5 - 3.0 M r V  
N -  3.0- 4.0YCV 
0 - 4D- 5 . 0  MeV 
P - 5.0- 6 . 6 M e V  
Q - 6 . 5 -  8 . 0 M e V  
R - 8 . 0 -  10 M e V  

S L A N T  R A N G E ( M E T E R S 1  

Figure 5. Air-Secandary Gamma-Ray S p e c t r a l  1 ) i s t r ibu t ions  a s  a 
Function o f  Range from an In te rmedia te  Y i e l d  
Thermonuclear Weiipon 
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h g u l a r  d i s t r i b u t i o n s  f o r  t h e  f i s s i o n - p r o d u c t  gamma rays change 

s lowly wi th  range f o r  d i s t a n c e s  g r e a t e r  than  1200 m f o r  a s t a t i c  p o i n t  

source ( 1 3 )  
d e t o n a t i o n ,  r e s u l t i n g  i n  a d i s t r i b u t i o n  c o n t i n m u s l y  changing r e l a t i v e  
eo t h e  s o u r c e - d e t e c t o r  a x i s  a t  t h e  i n s t a n t  of  de tona t ion .  I t  i s  necessary  
t o  c a l c u l a t e  t h e  e f fec ts  of t h e  coord ina te  system r o t a t i o n  wi th  time and 

t o  descr ibc the r e s u l t a n t  d i s t r i b u t i o n  i n  terms o f  t h e  o r ig i r i a l  a x i s  a t  

the  time of  de tona t ion .  

However, t h e  source  i s  nioving v e r t i c a l l y  wi th  time a f t e r  

Approximate energy and angular  d i s t r i b u t i o n s  of  f i s s i o n - p r o d u c t  gamma 

rays  obta ined  f o r  a r i s i n g  source  f o r  an i n i t i a l  e l e v a t i o n  o f  45" based on 
t h e  technique  given i n  r e f e r e n c e  9 wi 13. be used,  

f o r  a d e t e c t o r  l o c a t e d  a t  the 100 p s i  overpressure  range and are r e l a t i v c l y  

i n s e n s i t i v e  t o  weapon y i e l d ,  
r e p r e s e n t a t i v e ,  o r  c o n s e r v a t i v e ,  f o r  lower overpressures  o f  interest* 

These d a t a  are der ived  

These data are recommended f o r  u s e  as b e i n g  
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I V. ANGULAR DISTRIBUTIONS 

A, Burs t  E leva t ion  Annle S e l e c t i o n  

For purposes  of de te rmining  a r e p r e s e n t a t i v e  b u r s t  e l e v a t i o n  ang le ,  

t h e  angles  (above the  hor izon)  versus  overpressure  t o  produce t h e  t r i p l e  

p o i n t  (po in t  a t  which i n c i d e n t  and r e f l e c t e d  shock waves co inc ide  a t  t h e  
a i  T- ground i n  t erface) (14) were examined. As shown i n  F ig .  6 ,  t h e  over- 
p r e s s u r e  ranges of  i n t e r e s t ,  5 t o  30 p s i ,  correspond t o  angles  from 30' 

t o  45",  For s i m p l i c i t y  a s i n g l e  angle  o f  45' i s  recommended, 
angle  ( b u r s t  n e a r e r  the s u r f a c e )  would produce a r a d i a t i o n  f i e l d  with 

i n t e n s i t i e s  more normal t o  a v e r t i c a l  s h i e l d ,  b u t  more t a n g e n t i a l  t o  a 
h o r i z o n t a l  s h i e l d .  
p r a c t i c a l  f o r  a wide range of  s h e l t e r s .  

A smaller 

A s i n g l e  angle  o f  45" appears  t o  be  r e a l i s t i c  and 

B.  P o l a r  Angular D i s t r i b u t i o n  

Dose-angular d i s t r i b u t i o n  d a t a  from Straker ' ' )  f o r  an i n f i n i t e  a i r  
medium a r e  p l o t t e d  f o r  t h e  TN source  i n  F igs .  7 and 8. 

d i s t r i b u t i o n s  f o r  neu t rons  and a i r - secondary  gamma rays  do n o t  change 

r a p i d l y  with d i s t a n c e .  
d i f f e r e n t  manner i n  F ig .  9 f o r  a TN source  a t  a d i s t a n c e  of  1209 m, Note 

t h a t  the  secondary gamma dose i s  s t r o n g l y  peaked i n  t h e  forward d i r e c t i o n ,  

althoilgh n o t  enough t o  warrant an assumption t h a t  it i s  munodi rec t iona l ,  

The dosc-angular  

These same d i s t r i b u t i o n s  a r e  p re sen ted  i n  a 

I t  i s  recommended t h a t  t h e  p o l a r  angle  d i s t r i b u t i o n s  f o r  neut ron  and 

secondary gamma rays be  chosen accord ing  t o  t h e  above curves f o r  a de to-  

n a t i o n  occur r ing  a t  an angle  o f  45" above t h e  h o r i z o n t a l ,  I t  i s  f u r t h e r  

recommended t h a t  f iss  ion-product  gamma-ray energy and angu la r  d i s t r i b u t i o n s  
be those given l a t e r  i n  Table  13. These a r e  a l s o  based on a burs t  ele- 
v a t i o n  angle  o f  45". 

C.  Azimuthal Annular D i rec t ion  

For a given b u r s t  d i r e c t i o n  it i s  reasonable  t o  assume t h a t  t h e  

azimuthal  angle  d i s t r i b u t i o n s  ( i . e . ,  i n  t h e  h o r i z o n t a l  plane)  are t h e  same, 
wi th  r e s p e c t  t o  t h e  b u r s t  ax is ,  as  t h e  p o l a r  angle  d i s t r i b u t i o n s  s p e c i f i e d  

above, However, s i n c e  t h e r e  i s  no  r e a l i s t i c  b a s i s  f o r  s p e c i f y i n g  a s i n g l e  
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soiirce d i r e c t i o n  f o r  t h e  genera l  case, i t  i s  recommended t h a t  an equal  
p r o b a b i l i t y  be ass igned  t o  a l l  d i r e c t i o n s ,  This  r e s u l t s  i n  an i s o t r o p i c  
azi.muthal angle  d i . s t r i b u t i o n  as would be  generat.ed by a "halo" source, 

i.e., a soixrce d i s t r i b u t e d  on t h e  circumference of an e l e v a t e d  c i r c l e  
centered  about t h e  de t  c c t  o r  

Resul ts  of  s e n s i t i v i t y  s t u d i e s  performed t o  s q i p o r t  t h e  above 

recommendation are summarized i n  Table 3 .  The neut ron  t ransmiss ion  

factors were c a l c u l a t e d  us ing  Monte Carlo data  f o r  a f i s s i o n -  l i k e  neutron 

s p e c t r m  i n c i d e n t  upon concre te  
product  ganiinas were approximated by 2 and 1 MeV gmmas ~ r e s p e c t i v e l y ,  

and Raso' s Monte Carla p e n e t r a t i o n  d a t a  f o r  concre te  (16' were used t o  

calculate t h e  f a c t o r s .  A l l  r e s u l t s  a r e  based on the t o t a l  p e n e t r a t i o n  

through a v e r t i c a l  i n f i n i t e  s l a b .  

'The a i r - secondary  an3 f i s s i o n -  (1.5) 

The poi.nt source i s  a "worst case" whereas t h e  h a l o  source  repre-  

s e n t s ,  f o r  a given b i i r s t  e l e v a t i o n ,  the average o f  a l l  p o s s i b l e  cases. 

For inodesate wall t h i c k n e s s e s  t h e  worst case d i f f e r s  €rom the average 

case  by  as much as a f a c t o r  of 2 ,  The less  conserva t ive  but  mors 
r e a l i s t i c  l l ha lo l l  source i s  recommended. 
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Table 3. Dose Txansmission Factors for Various Radiation 
Distributions Kncident Upon a Vertical infinite Slab 

of Concrete 

DIDO 

Burst Elevation Slab 
'Thickness Radiation 

(in.) Source 0" 45" 

Neutrons 

Point 1.0 1.0 
Halo 1.0 1 .Q 

Point 0.340 0.235 
Halo 0.28 1 0.142 

Point 0.132 * 
Halo 0.071 

0 

5 

10 
% 

Air-Secondary Gammas 

Point 1 .o 1.0 
Hal0 1 .o 1 .o 
Point 0.394 0.271 
Halo 0.249 0.168 
Point 0.129 * 
Halo 0.071 

0 

5 

10 * 
Fission-Product Gammas 

Point I .0 1 .o 
Halo 1.0 1 .o 0 

5 Point 0.281 
Halo 0.178 

* 
* 

*Not Calculated 
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The energy-angular  d i s t r i b u t i o n  o f  t h e  r a d i a t i o n  f i e l d  has  been 

s p e c i f i e d  independmt  o f  a speci  fi.c overpressure  o r  i n t e n s i t y .  However, 

i n  o r d e r  t o  determine r e p r e s e n t a t i v e  dose l e v e l s  s p e c i f i c  i n t e n s i t i e s  

a r e  deteriiiinetl f o r  a s e l e c t e d  b u r s t  h e i g h t .  

To examinc .the genera l  problem o f  d e f i n i n g  t h e  s t a n d a r d  f r e e - f i e l d  

condi t ions  o f  i r i i t i  a1 r a d i a t i o n ,  t i i t .  r e l a t i  onships  o f  y i e l d ,  r a d i a t  ion 
dose ,  range 2nd overpressure  were s t u d i e d .  The fi.ve primary assumptions 

were : 
1. A f i s s i o n / f u s i o n  r a t i o  o f  S O / S O  ( i n  terms of 

energy y i ~ e l d ] ,  

2 .  The t r i p l e  p o i n t  b u r s t  h e i g h t "  f o r  each over-  

p r e s s u r e  of  i n t e r e s t .  

3 .  A neutron spectrum from a t y p i c a l  i n t e r m e d i a t e  
y i e l d  TN weapon. 

4 ,  A i r  d e n s i t y  of  1.11 mg/cc, 
5 ,  A l l  doses given as s i n g l e  c o l l i s i o n  absorbed 

dose i n  a small  sample o f  t i s s u e  l o c a t e d  i n  a i r .  

From Fig. 3 , 6 7  i n  The Effects of  Nuclear  Weapons (14) t h e  r e l a t ions l i i p  
.I- 

between b u r s t  h e i g h t s ,  s l a n t  ranges ,  and overpressure  l e v e l s  were obtai.ned, 

F o r  t h e  f i s s i o n - p r o d u c t  gamma r a d i a t i o n  dose c a l c u l a t i o n s  s t a t e - o f - t h e - a r t  

models f i i l l y  descri .brd i n  a r e c e n t  c l a s s i f i e d  s tudy  (17) were used. 

f i s s i o n - p r o d u c t  model, which i -ncorporates  P.lonte Car lo  ( la ta  f o r  gamma-ray 

t r a n s p o r t  i n  i n f i n i t e  a i r ,  (133 t a k e s  in.to account decay r a t e s  ~ cloud r i s e s  
hydi*odynainic enhancement o f  t h e  gamma-ray dose,  and i n t e r f a c e  e f f e c t s ,  The 

neut ron  and secondary gamina-ray models descr ibed  i n  r e f e r e n c e  8 are based 

on S t r a k e r s  s di s c r e t e - o r d i n a t e s  c a l c u l a t i o n s  o f  neut ron  and a i r -ground 

secondary- gamma-ray t r a n s p o r t  i n  an air-over-ground geometry f o r  a source 
h e i g h t  o f  100 iil. Thz models i n c l u d e  adjustments  f o r  o t h e r  b u r s t  1iej.ghts 

and e x t r a p o l a t e  t h e  d a t a  t o  l a r g e r  s l a n t  ranges ,  

The 

~ .̂-.. _II_ _I-.- 
"Th i s  b u r s t  h e i g h t  was chosen f;-r t h e  p o i n t  on the ground, f o r  each 
overpressure  considered,  a t  which the  mach stem or ig ina ' i e s  ( t r i p l e  
p o i n t )  ~ 
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Neutron and a i r - secondary  gamma-ray doses scale d i r e c t l y  wi th  y i e l d ,  

F iss ion-product  gamma-ray doses were ob ta ined  ( p a r t l y  by e x t r a p o l a t i o n )  

from r e s u l t s  o f  a previous  s tudy .  (17) 
components a r e  given i n  Figs. 1 0 ,  11, and 1 2 ,  and i n  Table 4 as a func t ion  

o f  s l a n t  range for t h e  T r i p l e  po in t  b u r s t  h e i g h t s .  
and y i e l d  r e l a t i o n s h i p s  a r e  shown i n  Table  5. 

boses from t h e  t h r e e  r a d i a t i o n  

Overpressure,  range,  

I t  i s  seen from F i g s ,  10-12 and Table 4 t h a t  f i s s ion -p roduc t  gamma 
rays are important  f o r  h i g h - y i e l d  weapons whereas neut rons  arc iiiiportant 

fo r  low y i e l d  weapons. 
dose i n  t i s s u e  has  been c a l c u l a t e d  f o r  neut rons  

I t  should  be  emphasized t h a t  s i n g l e  c o l l i s i o n  

As 3111 example o f  the s h i e l d i n g  t h a t  might he necessa ry ,  t o  reduce 

t h e  f r e e -  Eield t o t a l  dose t o  i n t e r i o r  doses of  5 OT 50 r a d s ,  dose t r a n s -  
mission f a c t o r s  f o r  t : ~  var ious  cases  are p resen ted  i n  Table  6 .  F o r  a 

b u r s t  a t  the  t r i y l e  p o i n t  b u r s t  h e i g h t ,  no te  t h a t  r a d i a t i o n  i s  of no 
concern below 20 ps i  f o r  a 1 MT weapon, below 15 psi f o r  a 300 "n"1 weapon 
and a t  5 p s i  f o r  a 40 KT weapon. For  lower b u r s t  h e i g h t s  t h e s e  va lues  
a r e  q u i t e  d i f f e r e n t ;  f o r  example, f o r  a 100 m b u r s t  h e i g h t  and 300 KT 

weapon the re  i s  a r a d i a t i o n  problem even f o r  ove rp res su res  o f  5-10 p s i .  
Shown i n  Table  7 a r e  r a d i a t i o n  doses f o r  a 300 KT weapon de tona ted  

a t  t h e  t r i p l e  p o i n t  b u r s t  he igh t  and a t  100 111, Dose c~mponents  f o r  t h e  

l a t t e r  case are given i n  F i g .  13. Doses a r e  more than a f a c t o r  o f  10 

h i g h e r  f o r  t h e  lower hurst he igh t  a t  a givcn ove rp res su re  l e v e l  Th1.1~ 

t h e  t r i p l e  p o i n t  b u r s t  he1 g h t  chosen here i s  non-conserva t ive  f n r  
e s t i m a t i n g  exposures  at  a f i x e d  ove rp res su re  

Because of t h e  p o s s i b i l i t y  t h a t  t he  shock wave might d i s t u r b  t h e  

s h i e l d  be fo re  the f i s s i o n  product  dose was d e l i v e r e d ,  time-dependent 

c a l c u l a t i o n s  based on techniques  desc r ibcd  i n  r e fe rence  17  are inc luded  
f o r  t h e  f i s s ion -p roduc t  dose,  These c a l c u l a t i o n s  inc lude  (1) t h e  t ime 

of t h e  sl-tock f ron t  a r r i v a l  a t  t he  var ious  overpressure  ~ m g e s ,  a i d  ( 2 )  

t h e  pe rcen t  of t h e  t o t a l  Fiss ion-product  exposure be fo re  and a f t e r  shock 

f r o n t  a r r i v a l .  The r e s u l t s  of  these c a l c u l a t i o n s  a r e  surninaipized i n  
Table  8 and are a p p l i c a b l e  for a b u r s t  h e i g h t  O F  100 m u  ' lhese resu l t s  
J o  n o t  correspond t o  the samr: cond i t ions  i n  Tables 4 -7 ,  b u t  are 

inc luded  t o  i n d i c a t e  t r e n d s  
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F i  gi JTZ 10. Dose Components r r o n  40 K'I' Wcapon Detonated a t  T r i p l e  
P o i n t  Burst 
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Table 4. Initial Radiation Dose Components at Various Ranges of Overpressure faom TN Weapons 

ws;lpon 
Yield Radiation Corriponcnt 

40 KT 

300 Kr 

1 MT 

Rangc ( rn) 

Neutrons 
Secondary-Garnma 
E iwon-Product-Gamma 

TO I Ab 

Range (m) 

Neutrons 
Secondary-Gamma 
Fission-Produc t-Gainma 

TOTAL 

Range (m) 

Neutrons 
Secondary-Gamma 
Fission-Product-Gamma 

TOTAL 

Dctonated at Triple Point Burst Heights 
........ .......... ~ ___ ____ -. -. ........ 

Ovcrpressure (p'i) ___ _ _ _ ~  ....... ~ ..... ~ . _ _ _ _ _ - _ ~ ~  . .  
5 10 15 20 30 70 100 

2.358 

-1.0 
4.0 

< l . O  

5.0 

4,624 

__ 

5.901 

1.470 1,204 

200 1,300 
320 1,300 
45 200 

565 2,800 

2,884 2,362 

<l. 11 
5. 40 

25 2.5 

8.0 76 

4,304 3,525 

<1 
1 
2 

3 

__ ........ ._ 

___ ..... 

1,053 
DOSE (RADS) 

3,700 
3,000 

560 

879 

12,000 
8,000 
1,600 

7,260 

2,064 
DOSE (RADS) 

60 
150 
100 

21,600 

1,715 

430 
670 
560 

310 

3,080 
DOSE (RADS) 

< 1  
6 

16 

22 
- 

587 

85,000 
40,000 
10,000 

135,000 

1,150 

12,000 
7,800 
8,400 

1,660 

2,500 

10 
58 

160 

28,200 

1,716 

1,400 
2,200 
6,000 

228 9,500 
... 

528 

350,000 

15,000 
55,000 

420,000 

1,037 

24,000 
13,000 
14,000 
5 1,000 

1,547 

3,800 
4,800 

13,000 

2 1,600 

I'able 5. Slant Manges and Triple Point Runt Height fnr Various Overpressures from Different Weapon Yields 

(meters) 

Yield 
......... - ... ~ .......... .......... .... 

1 MI '  .......... ..... ......... ~ . ........... .......... 40 KT 300 KT Oveipressure 
(mi) ~ . ,  

Slant Range Burst Height Slant Range Burst Height Slant Range Buist Weight 

5 2358 1210 46 24 2350 6901 35 10 
IO 1470 900 2884 1760 4304 2620 
15 1204 785 2362 1530 3525 2230 
20 1053 720 2064 1400 3080 2090 
30 879 6 25 1715 1220 2560 1820 
70 587 440 1150 860 1716 1280 

100 5 28 410 1037 800 1547 1130 
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Table 6. Dose Transmission Factor (DTP) Required to Reduce Initial Radiation Doses to LIelow Selected Levelse 
............. _ 

~ 

............. .............. .. Yield 

300 KT 1 Mi- 
- -- .- __ 

____ l__lll_ -~ 40 KT Ovcrpressure -. .__ ...... 
l/DTF Dr F li I) 

^_____.___l-l .- -. .................... ............... psi DTF l/DTF DTF ___.I . 
50Rads 5 Rads 50Rads  5 Rads 50Rads 5 Rads 50Kads 5 Rads 50Rads 5 Rads 50Rads 5 Rads 

5 1.0 1.0 1.0 1 .O 1 .o 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
10 .om .oom 1 1  110 1.0 .6 1.0 1.6 1.0 1.0 1.0 1 .o 
15 . o ~ a  .0018 5.5 550 .66 .066 1.5 15 1.0 1.0 1.0 1.0 
20 .0069 .00069 145 1,450 . I6  ,016 6.3 63 1 . 0  .22 1.0 4.5 

30 .0023 .00023 435 4,350 .030 .0030 33 330 2 2  .022 4.5 45 
70 .00037 .00003‘7 2,700 27,000 .0018 .00018 550 5,500 ,0052 .00052 190 1,900 

100 .00012 .000012 ,00098 .000098 1,020 10,200 ,0023 .OW23 435 4,350 

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

._-_._.-__._______I_^I_ ~- 
‘Based on triple point burst heights 

Table 7. Initial Radiation Dose Components* from 300 KT TN Weapon Detonated at 100 in 
and at Triple Point Burst Heights 

~ _.._._I__ . ............................. 

Overpressure (psi) 

10 15 20 30 7 1) 100 

100 Meter Bunt Wcight 
Slant Range irn) 
Neutron Dwe 
secondary-Gamma Row 
Fission-Prodnct-Gamind Dose 

rotdl Dose 

Sldnt Range (m) 
Neutron Rosa 
Secondary-Gamma Dose 
FisnorrProduct-Camma Dove 

Tnple Point Burst Height 

I otal Dose 

2,147 
25 
70 

150 
245 

2,885 
<10 
< P O  
110 

1,698 

i s o a  
400 
600 

2,500 

2,362 
1 1  
40 
25 
76 

1,480 
1,s 00 
1,700 
4,100 
7,300 

2,064 
60  

150 
100 
310 

1,209 
9,000 
7,000 

14,000 
30,000 

1,715 
430 
670 
560 

1,660 

843 
100,000 
45,000 
.55,000 

200.000 

1,150 
12,000 
7,800 
8,400 

28,200 

701 
250,000 
100,000 
32,090 

442.000 

1,037 
24,000 
13,000 
14,000 
5 1,000 

“Doses are in rads 



30 

Tab6e 8. Fission-Pad3duct Gamma Ray Expnsure During the First 60 Seconds 
from a Typical TN Weapon at a 100-M Burst Height 

Slant Range Shock Arrival Percent Before Percent After 

..... 
(se1:) Shock Shock 

5 38 
740 

1030 
1446 
2097 

771 
1060 
1472 
2065 
2995 

1146 
1576 
2190 
3075 
445 8 

100 KT 
0.3678 
0.8187 
1.822 
4.055 

11.02 

380 KT 
0.5488 
1.221 
2.718 
6.049 

16.44 

1 MT 
0.8187 
1.822 
4.055 
9.024 

24.53 

13.8 
20.4 
36.2 
63.1 
95.7 

13.7 
20.5 
38.6 
69.8 
98.8 

11.1 
18.3 
38.2 
15.3 
99.8 

86.2 
79.6 
63.8 
36.9 

4.3 

86.3 
79.5 
61.4 

1.2 
30.2 

88.9 
81.7 
61.8 
24.7 

0.2 
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I t  i s  observed t h a t  t h e  f r a c t i o n s  of  t h e  f i s s ion -p roduc t  exposure 

occur r ing  be fo re  and a f t e r  t h e  shock f r o n t  have l i t t l e  dependence upon 
t h e  y i e l d ,  a l though the time o f  t h e  shock i r o n t  a r r i v a l  a t  a given ovcr- 

p r e s s u r e  range i n c r e a s e s  by approximately a f a c t o r  o f  2 between 100 KT 

arid 1 MT, Except a t  low overpressure  ranges (<  20 p s i )  most o f  the  
exposure occurs  a f t e r  t h e  shock f r o n t  a r r i v a l  e Thus s t r u c t u r a l  damage 
may a l t e r  t h e  amount o f  ' p r o t e c t i o n  a g a i n s t  t h i s  component 

work must be  performed t o  determine t h e  s e n s i t i v i t y  of  t h e  r e s u l t s  t o  
o t h e r  cond i t ions  

~ u r t h e r  
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V I  e F R E E - F I E L D  ENVIRONMENT 

I n  Sec t ion  V ,  t h e  s l a n t  ranges t o  be cons idered  f o r  t h e  t h r e e  

weapon y i e l d s  of i n t e r e s t  between overpressure  l e v e l s  o f  S and 30 p s i ,  
v a r i e d  from 880 m (40 KT, 30 p s i )  t o  6900 m (1  MT, 5 p s i ) ,  In  i d e n t i -  
fy ing  a f r e e - f i e l d  erivi ronment, i t  was decided t o  p re sen t  normalized 

d e s c r i p t i o n s  o f  neu t rons ,  a i r - secondary  gamma rays  and f i s s ion -p roduc t  

gama rays  a t  a slant range o f  1201) m. 

A, Neutrons 

'I'lie d e s c r i p t i o n  of  t h e  neutron f i e l d  a t  the  p o i n t  o f  i n t e r e s t ,  
1200 m s l a n t  range,  i s  taken  from t h e  i n f i n i t e  medium c a l c u l a t i o n s  o f  

Straker")  assuming a t y p i c a l  i n t e rmed ia t e  y i e l d ,  TN weapon, The energy 
and p o l a r  angular  d i s t r i b u t i o n s  (about t h e  r ece ive r - source  d i r e c t i o n )  a r e  

given i n  Table 9 wi th  t h e  i n t e n s i t y  normalized t o  a u n i t  dose. 
neut rons  i n  t h e  energy range from 0 t o  4 . 1 4  x MeV can be consideTed 

as thermal neu t rons .  Table 10 con ta ins  t h e  dosc fac tors  and the neut ron  

fl i ience ( i n t e g r a t e d  over  angle)  a t  1200 rn. 

The 

R ,  Secondary Gammas 

For t h e  d e s c r i p t i o n  of 

l a t i o n s  a t  1200 In a r e  again 
t h e  i n t e n s i t y  i s  normalized 

I-- 

t he  secondary gamma r a y s ,  S t r a k e r ' s  ca leu-  
used and a r e  reproduced i n  Table 11; again 

t o  u n i t  dose,  Table  1 2  g ives  the s o l i d  

angles  and angular  i n t e r v a l s  a s s o c i a t e d  wi th  t h e  d i s c r e t e  angles  given 

i n  Tables 9 and 11. Tab le  10 a l s o  g ives  the  dose f a c t o r s  and t h e  gamma- 

ray f luence  ( i n t e g r a t e d  ove r  angle)  a t  1200 m. 

C, Fiss ion-Product  Gammas 

Tablc 13  g i v e s  t h e  energy raxid p o l a r  angu la r  d i s t r i b u t i o n  (about 

t h e  r ece ive r - source  d i r e c t i o n )  o f  t h e  f i s s ion -p roduc t  gamma rays Ear 
t h e  t r i v l e  p o i n t  b u r s t  h e i g h t .  

. I _ _ _ - ~  ___I- -.- 

E f f e c t s  of c loud r i s e  a r e  inc luded ,  



Table 9. Relative hkx 'gy mi Angle Disrribution of 4nR2 Neutron Fiuence 1200 m from P Point TN Source in Infinite Ai1 

1.8b3E 03 
2 . b L l F  05 
2.24tf: O §  
6.139E 04 
4.?,OE 05 
1.243E 04 
2.9b3E 06  
7.724E Ob 
1.48EE 07 
S.425E Ob 
C.42ZE Ob 
4,4QSE 06 
3 ,553E O b  
S.24'fE- 06 
3,054.E 00 
2 .593E O b  
2.3LLE 04 

2*%i62E 8 5  
3.50BE 05 
3,021€ 05 
9.442E 04 
6.533E 05 
I.bY?E 00 
4.033E 0.5 
i . 0 4 f E  07 
L.F86E 04 
8.541E E t  
8"53*E O$ 
5.973E 06 
4.718E 05 
5 .639E O b  
4.054E 06 
3.+2RE 06 
3-€&L*E Q C  

hlhCLE I 7  
PU= 0.6179 
i . l i l f  0 5  
l.aY3E 05 
2.7QPE 05 
5.862E 0 5  
1.016E 06 
1.021E OQ 
1e047E 06 
1 . 3 4 0 %  0 6  
5.35PE 95 
i.415E 06 
4-61 3E 00 
I.CIbOE O f  

WHGLE 7 
nu=- 0.4530 

4.825E 03 
t e P 1 8 E  0 4  
4.495E 04 
tVli55E 84 
4.209E QS 
3 . 9 9 %  os 
5.099E 05 
4.614f 05 
1 . 5 7 t E  os 
1 * 0 4 0 €  04 
2.599E 06 
4.17BE 56 
1 . 5 3 9 E  01 
2.845E 87 
L e 2 1 0 E  07 
1.206E 07 
8.430E 06 
6.657E 06 
7.952E 06 
5.113E 86 
4.828E 06 
4.302E 06 

6.31ZE 04 
5.332F 06 
4.74.iE 06 5.032~ 06 
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'Table IO. Dose Pactoirs and 4nK2 Fluence at  a Range of 1200 rn fox 3 Typical '1'hsrrnonucleaa Wcapm 
.- ....... .......... ____ .......... ___ .......... ~ ....... ~ 

__ Gamma Rays -~ .......... ___ .. ~ ..... ......... ........ .. 
Neil tron 

4rR2 Fluence 
Dose 

Factors? 
4 n ~ ~  Fluence Upper Upper Dose Energy Factors* (Neutrons/Group/lncident Energy (Gamma Rays/Croup/Incident 

(MeV) Dose) (MeV) Dose) 

15.0 5.46( - 9) 
12.2 5.13 

8.18 4.62 
6.36 4.44 
4.97 4.13 
4.07 4.01 
3.01 3.39 
2.46 3.15 
2.35 3.09 
1.83 2.64 
1.11 1.97 
5.50(-1)$ 1.12 
1.11(-1) 2.30(-IO) 
3.35(-3) 0 
5.83(-4) 0 
1.01( 4) 0 
2.90(-5) 0 

10.0 4.84 

1.07(-5) 0 
3.06( - 6) 0 
1.12(--6) 0 
4.14(--7) 0 

1.898+6 
2.204+6 
3.777+6 
7.885+6 
1.050+7 
1.023+7 
1.027+7 
1.35 1+7 
5.54Ot6 
2.316+7 
4.544*7 
1.054i-5 
2.215+8 
3.741+8 
1.549+8 
1.538+8 
1.071+8 
8.454+7 
1.009+8 
7.236+7 
6.108+7 
5 . a i i+7  

10.0 
8.0 
6.5 
5.0 
4.0 
3.0 
2.5 
2.0 
1.66 
1.33 
1.00 
.80 
.60 
.40 
.3 
.2 
.1 
.OS 

2.42(-9) 
2.07 
1.76 
1.59 
1.27 
1.08 

7.35 
6.44 
5.30 
4.45 
3.50 
2.56 
1.77 
1.22 
6.60( 11)  
3.90 
8.37 

8.7.5- IO)  

1.498+7 
3.627+7 
1.698+8 
6.959+7 
8.166+7 
4.633+7 
5.203+7 
4.045+7 
4.76W7 
5.781+7 
4.524+7 
6.215+7 
1.350+8 
9.493+7 
1.722+8 
5.48 8-t8 
8.107+8 
1.325+8 

*units are rads tissue/neutron/crn* 
?Units are rads tissue/photon/cm2 
$Reads 5.50 X IO- '  



Tsble 11. Relative Energy and Angle Distribution of 4nR' Secondary Gamma Fluence 1200 m from a Point I T  Source in hifinite Air 
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Table 12. Solid Angle Values for Angles Listed in Tables 9 and I I 

Angle Cosine of Angle Boundaries Solid Angle 
Index lMul of lhaul (S teradianu) 

1 
2, 17 
3, 16 
4, 15 
5 ,  14 
6, 13 
7, 12 
8, 1 1  
9 . 1 0  

1.000 
0.9894 
0.9446 
0.8656 
0.7550 
0.6 179 
0.4580 
0.2816 
0.0950 

1 .O-Q.97284 
0.97284 0.91058 
0.91058-0.81.542 

0.6908 0.5412 
05412 0.3720 
0.3720 0.1894 
0.1894 0.0 

0.8 1542-0.6908 

0.0 
0.17060 1 
0.391 153 
0.597895 
0.783040 
0.939939 
1.062838 
1.147334 
1.190348 



Table 13 .  Fission-Product Gamma-Ray Fluence as a Function of Energy and Polar Angle with Respect to the Source-Detector Axis 45" Above the Horizon 
Relative Gamma-Ray Fluence* Energy (MeV) 

.01-.07 .07-.12 .12-.21 .21-.3 .3-.4 .4-.6 1-.9 .9-1.2 1.2-1.6 1.6-2.0 2.0-2.5 2.5-3 3-3.5 3.5-4 4-5 5-6 (degrees ) 

0.0-13.4 1.35-04 1.09-04 5.13-05 5.13-05 5.71-05 7.02-05 3.98-05 2.13-05 1.60-05 1.60-05 4.13-06 4.13-06 8.41-07 8.41-07 1.49-07 1.49-07 
13.4-24.4 5.83-04 4.65-04 2.26-04 2.26-04 2.51-04 3.08-04 1.74-04 9 .7705 7.88-05 7.88-05 2.55-05 2.55-05 1.46-05 1.46-05 4.06-06 4.06-u6 
24.4-35.3 9.30-04 7,63-04 3.75-04 3.75-04 4.17-04 5.15-04 2.95-04 1.82-04 1.70-04 1.70-04 6.69-05 6.69-05 7.50-05 7.50-05 2.30-05 2.30-05 
35.3-46.3 1.19-03 9.85-04 4.91-04 4.91-04 5.44-04 6.62-04 3.54-04 2.10-04 1.86-04 1.86-04 7.63-05 7.63-05 8.04-05 5.04-05 2.46-05 2.46-05 
46.3-57.2 6.79-04 5.32-04 2.48-04 2.46-04 2.74-04 3.36-04 1.83-04 1.20-04 1.19-04 1.19-04 4.50-05 4.50-05 2.64-05 1.64-05 7.25-06 7.25-06 
57.2-68.1 7.54-04 5.91-04 2.68-04 2.68-04 2.87-04 3.56-04 1.79-04 9.46-03 7.07-05 7.07-05 1.75-05 1.75-05 3.00-06 3.00-06 5.21-07 5.21-07 
68.1-79.0 8.23-04 6.44-04 2.57-04 2.87-04 3.17-04 3.73-04 1.67-04 7.40-05 3.72-05 3.72-05 3.44-06 3.44-06 5.77-08 5.77-u8 4 

79.0-90. 8.36-04 6.47-04 2.91-04 2.91-04 3.22-04 3.66-04 1.31-04 4.94-05 1.22-05 1.22-05 2.49-07 2.49-07 
90.0- 100.9 7.78-04 5.99-04 2.64-04 2.64-04 2.93-04 3.20-04 7.94-05 2.76-05 2.64-06 2.64-06 

100.9-1 11.8 7.48-04 5.56-04 2.43-04 2.43-04 2.71-04 2.85-04 4.51-05 1.53-05 4.90-07 4.90-07 
11 1.8-122.8 6.44-04 4.69-04 2.02-04 2.02-04 2.25-03 2.32-04 2.33-05 7.76-06 
122.5-133.7 6.20-04 4.54-04 1.71-04 1.71-04 1.89-04 1.92-04 9.37-06 3.12-06 
133.7-144.6 5.06-04 3.89--04 1.27-04 1.27-04 1.41-04 1.41-04 4.27-06 1.42-06 
144.6-155.6 
155.6-166.6 
166.6-1 80. 

w 
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V I 1  APPLICATION CONSIDERATIONS 

Appl ica t ion  o f  t h e  free- f i e l d  environment t o  determine t h e  i n i t i a l  
r a d i a t i o n  envi.ronment i n s i d e  s t r u c t u r e s  i s  beyond t h e  scope o f  t h i s  report 

and r e q u i r e s  p e n e t r a t i o n  d a t a  f o r  t h e  recommended f r e e - f i e l d  d i s t r i - b u t i o n s  

An o u t l i n e  of  a n  approach t h a t  may be taken will be d iscussed  however. 

The s t a n d a r d  environments given i n  Sec t ion  V I  should be used as a 
sourcc te.riii fo r  the  deterniinatioiis  of  dose t ransmissi-on f ac to r s  f o ~  var ious  

shi .e ld  c o n f i g u r a t i o n s  e (The de termina t ion  o f  t h e s e  c o n f i g u r a t i o n s  i s  a 

f u l l  s tudy  i n  i t s e l f . )  That i s ,  t h e  energy-angular  d i s t r i b t i t i o n  o f  t h e  

environment should be used wi th  an a r b i t r a r y  normal iza t ion  such t h a t  t h e  

r a t i o  o f  t h e  i - n t e r i o r  dose t o  t h e  exter i -or  dose determines the  t ransmiss ion  
f ac to r  f o r  t h e  s h i e l d .  Angular i.nforiiiation about t h e  i n t e r i o r  dose should  

be maintained as a percentage  of  dose j.11 angular  i n t e r v a l s .  A t  t h i s  s t e p  

t h e  a b s o l u t e  i n t e n s i t y  of  t he  d a t a  given i n  S e c t i o n  V I  i s  n o t  inipor.tant 
b u t  on ly  t h e  r e l a t i v e  energy angular  v a r i a t i o n s  should be  u t i l i z e d .  Note 
t h a t  a r o t a t i o n  of c o o r d i n a t e s  i s  requ<.red b e f o r e  t h e  d a t a  i n  Tables 9-13 

(angles measured about rece iver -source  d i r e c t i o n )  can be  used as a source  

term f o r  p e n e t r a t i o n  c a l c u l a t i o n s .  
p e r p e n d i c u l a r  t o  t h e  s h i e l d  must i n c l u d e  t h e  effect  o f  t h e  45" s o i n c e  

e l e v a t i o n  as  well as t h e  e f f e c t  o f  t h e  "halo" source  d i s t r i b u t i o n .  

The r o t a t i o n  t o  a. c o o r d i n a t c  system 

As an example o f  a method t h a t  might be used i n  determining t h e  dose 

i n t e r i  o r  t o  a s h i e l d e d  s t ruct~. i re ,  one could determine t h e  overpressure  
which t h e  b u i l d i n g  could w i t h s t a n d ,  then  determine from tlic d a t a  i n  
Fi.gs. 10-12, t h e  f r e e - f i e l d  r a d i a t i o n  dose i n  rads t h a t  woiubd r e s u l t ,  

Dose t ransmiss ion  f a c t o r s  i n c l u d i n g  geometr ic  a t t e n u a t i o n  f o r  each o f  t h e  
f o u r  quadrant.s o f  t h e  b u i l d i n g  could be determined as well as t h e  trans- 

mission f a c t o r s  f o r  t h e  roo f .  ( A s  used h e r e ,  a zero  thj-ckness s h i e l d  

corresponds t o  a t ransmiss ion  f a c t o r  o f  1.) The i n t e r i o r  dose coi.ild then  
be taken as t h e  e x t e r i o r  dose times t h e  dose t ransmiss ion  f a c t o r  f o r  the 

roof p lus  t h e  e x t e r i o r  dose times tho  t r a n s m i s s i o n  f a c t o r  f o r  t h e  worst 

quadrant  (assumed p r e f e r r e d  source d i r e c t i o n )  o r  t h e  average of  t h e  dose 
traiisinission f a c t o r s  f o r  t h e  f o u r  quadrants  could  he  used. An a l t e r n a t e  

scheme f o r  t r e a t j - n g  t h e  t r a n s m i s s i o n  f a c t o r s  f o r  t h e  v a r i o u s  quadrants 
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may b e  d e s i r a b l e  bu t  t h i s  r e q u i r e d  a d d i t i o n a l  s tudy .  

B 45' ang le  between t h e  ground and the source  d i r e c t i o n  an approximately 
equal dose i s  i n c i d e n t  on t h e  roof  as on a quadrant  of  t h e  b u i l d i n g ,  so 

t h e  t r a n s m i t t e d  dose should  b e  e q u a l l y  weighted. 

Due t o  t h e  use of 
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