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FOREWORD 

1. The purpose of this booklet is to provide medica l  off icers  
of the Armed F o r c e s  with data of biological i n t e re s t  i n  o r d e r  that 
they can  bet ter  understand material presented i n  medica l  training p ro -  
g rams  conducted by Commander,  Field Command. 
p rograms  are:  

Specific training 

a. Armed F o r c e s  Medical Symposia, which are related to 
cu r ren t  special  weapons and their  effects, and to the application of 
nuclear  energy other  than weapons which will present  medical  prob- 
l ems  and accidents involving nuclear  f iss ion and radioactive contam- 
ination. 

b. .Advanced Course in  Radiobiology f o r  Medical Officers.  

2.  Mater ia l  herein was compiled by Clayton S. White, M. D . ,  
and I. G. Bowen, M. S . ,  Lovelace Foundation for  MedicalEducation 
and Research ,  Albuquerque, New Mexico. 

3 .  The au thors '  reference to The Effects of Nuclear Weapons 
on pages throughout the booklet specifically r e f e r s  to data  as p r e -  
sented by Samuel Classtone, Edi tor ,  A F P  136-1-3, The Effects of 
Nuclear Weapons, published by the United States Atomic Energy Com- 
miss ion  in cooperation with the United States Department of Defense 
in  June 1957 

FOR THE COMMANDER: 

L. B. HANSON 
Colonel, MC 
Surgeon 
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APPROXIMATE RANGES FROM GROUND 
ZERO FOLLOWING AIR DETONATION 

Chart  1 presents  a tabulation of the approximate ranges f rom 
ground z e r o  following an air detonation (except where noted) to which 
various expldsive effects extend, and the a r e a s  contained within c i r -  
c les  of corresponding radii .  
sive yields f rom 1 KT to 20 MT. 

These data a r e  given for  various explo- 

All distances shown a r e  slant ranges with the exceptionof thorn 
for ove rp res su re  which a r e  horizontal ranges.  It was assumed that 
s lant  ranges were a reasonable approximation of ground ranges. HOW- 
ever ,  i t  is t rue that the computed a r e a s  for  thermal  and ionizing ra- 
diation a r e  overestimated for the a i r  burst .  

A 20  MT yield is 1000 t imes that of a 2 0  KT yield. It is inter-  
esting to note that for the l a r g e r  yield the area enclosed within the 
100 REM line increases  over that for the sma l l e r  yield by a factor  
of 8.47,  while the a r e a s  within the 1 PSI and second degree burn lines 
increase by factors  of 100 and 344, respectively. 
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V A L U E S  O F  INITIAL IONIZING RADIATION, 
OVERPRESSURE, AND THERMAL RADIATION 

Chart  2 gives the approximate ranges in  mi l e s  for  var ious val-  
ues  of init ial  ionizing radiation, overpressure ,  and the rma l  radiation, 
computed for typical air bu r s t s  with yields f r o m  1 KT to 20 MT. For 
each such range,  values of the remaining pa rame te r s  are l is ted in 
REM, PSI, or ca l /cm2.  F o r  example, the 1 PSI line i s  10. 0 mi les  
from the detonation for  a 1 MT yield. 
izing radiation is l e s s  than 1 0  REM and the thermal  radiation i s  5 .90 
ca l /cm2.  It is then noted a t  the bottom of the char t  that for a 1 MT 
yield 3.2 ca l /cm2 produces f i r s t  degree burns and 6. L c a l / c m  pro-  
duces second degree  burns.  

' 

At this dis tance the init ial  ion- 

2 

These data a r e  for  typical a i r  burs t s  for  which no significant 
c lose- in  fallout would occur .  Horizontal ranges a r e  given for  over- 
pres su re  and slant ranges for  init ial  ionizing and thermal  radiation. 
Thus, the relative importance of the la t te r  phenomena would be over -  
e mpha s i zed . 
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AIR BURSTS INVOLVING 
EXPLOSIVE YIELDS 

A graphic comparison for  typical air burs t  involving explosive 
yields f r o m  1 KT to 2 0  MT is presented in  char t  3 .  The pa rame te r s  
noted include (1) init ial  ionizing radiation at  100 R E M  or more ,  ( 2 )  
overp res su re  a t  1 PSI o r  higher, and ( 3 )  thermal  radiation sufficient 
to  produce a t  l eas t  second degree burns. It is evident that the a r e a s  
of initial ionizing radiation increase with the explosive yield to a m u c h  
l e s s e r  extent than do those for  ove rp res su re  and thermal  idaiation. 
For yields of 1 MT or l ess ,  the a r e a s  of second degree burns a r e  
sma l l e r  than those for 1 PSI overpressure;  whereas,  for the higher 
yields depicted, the r e v e r s e  is t rue.  Slant range figures used for 
ionizing and thermal  radiation a r e  assumed to be reasonable approxi- 
mations of the t rue horizontal range. 
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AIR BURSTS TABULATED IN 
CHARTS 1 AND 2 

Char t s  4a, 4b, and 4c  present  graphically the effects data fo r  
typical a i r  bursts  tabulated in charts 1 and 2. 
son, all three chart6 are plotted to the same scale.  

To facilitate compari-  
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AIR BURSTS TABULATED 
IN CHARTS 1 AND 2 

Char t s  4a,  4b, and 4c present  graphically the effects data for  
typical a i r  burs t s  tabulated in char t s  1 and 2 .  
son, all th ree  char t s  a r e  plotted to the same  scale .  

To facil i tate compari-  
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AIR BURSTS TABULATED 
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Charts  4a,  4b, and 4c  present  graphically the effects data for Y 
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EXPANDED PLOTS O F  EFFECTS DATA 
(KT YIELDS FOR TYPICAL' AIR BURSTS) 

Char t s  5a, 5b, and 5c a r e  expanded plots of effects data  shown 
in  chart  4a for 1, 20, and 1 0 0  KT yields for  typical a i r  burs t s .  
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EXPANDED PLOTS O F  EFFECTS DATA 
(KT YIELDS FOR TYPICAL AIR BURSTS) 
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EXPANDED PLOTS OF EFFECTS DATA 
(KT YIELDS FOR TYPICAL AIR BURSTS) 

Charts  5a, 5b, and 5c a r e  expanded plots of effects data shown 
in  char t  4a  for 1, 20, and 1 0 0  KT yields f o r  typical a i r  burs t s .  
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COMPARATIVE EFFECTS DATA O F  
A 10  MT SURFACE BLAST 

Chart 6 presents  approximate comparative effects data  for  a 
10 MT surface burst .  
principle difference between this type of explosion and one detonated 
in  the air. 
for the surface burst ,  compared with the air burs t .  

The presence of local fallout radiation is the 

Ranges fo r  the 1 and 5 PSI l ines  are somewhat sho r t e r  

Assumptions made  in computing the fallout pat tern were (1) an 
effective wind of 1 5  mph which makes  little difference in  the pat tern 
for close-in fallout, and ( 2 )  a l l  the explosive energy was der ivedf rom 
fission. Since the fusion p rocess  does not contribute to the radioac- 
tivity of the fallout, the es t imates  presented here  can be considered 
to be maximal .  

The somewhat hypothetical "1 hour re ference  dose r a t e s "  in  
roentgens pe r  hour a r e  used a s  a measu re  of fallout radiation. 
1 hour reference dose ra te  is defined a s  the est imated dose r a t e  1 
hour af ter  the detonation, assuming that the fallout is complete at 
that t ime. 
lated dose is discussed in  connection with char t  8. 

The 

The significance of these dose r a t e s  in t e r m s  of accumu- 
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GRAPHICAL PRESENTATION O F  EFFECTS 
DATA O F  A 1 0  MT SURFACE BLAST 

Chart  7 i s  a graphical presentation of the effects data in char t  
6 for  a 1 0  MT surface burst .  
t ou r s  in t e r m s  of var ious 1 hour re ference  doses  a r e  depicted only 
to the f i r s t  degree burn l imit  (36  mi l e s  from ground zero) ,  although 
the fallout would actually extend seve ra l  hundred mi l e s  distance down- 
wind. An effective wind of 15 mph is assumed to be blowing toward 
the top of the chart .  

The somewhat hypothetical fallout con- 

2 2  
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SIGNIFICANCE O F  1 HOUR REFERENCE 
DOSE RATE USED I N  CHARTS 6 AND 7 

Chart  8 i l lus t ra tes  the significance of the 1 hour re ferencedose  
ra te  used in char t s  6 and 7. As an  example, a person in a location 
where the 1 hour re ference  dose r a t e  is 1 0 0  r / h r  would accumulate 
6 3 3  roentgens in  the f i r s t  hour a f te r  the detonation. In the succeed- 
ing hour he would receive an additional 68 r ,  making a totalof 701 r.  
These es t imates  a r e  somewhat inaccurate  since they a r e  based on 
the assumption inherent in estimating the re ie rence  doses  used. 

Comparative data a r e  presented for the accumulated dose r e -  
ceived within a she l te r  with an  attenuation factor of 1000 (3  feet of 
earth).  
an,accumulated dose of only 0 .87  r during the f i r s t  24 hours  i f  he 
remained in such a she l te r ,  providing he entered the s t ruc ture  .be-  
fore the fallout arr ived.  If he then spent 1 2  hours on the outside he 
would receive an  additional 2 3  r. 

F o r  example,  a person in  the 100  r / h r  region would receive 
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