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Part |
EFFECTS OF AN ATOMIC BOMB EXPLOSION

1. Introduction

The effects of an atomic bomb burst on structures and
persans ean bo divided conveniently into

(a) Blast effocts

(b) Heat effects

(v) Rudiation effect=

In this pamphlet the importance of these effects i considered
in the csse of

(1) an air burst bomb

(ii) & ground burst bomhb

(i) an underground burst bomb

{iv) an underwater burst bomb

1t = emphasized that the effects indicated are estimates. The
actugl effects of an atomic bomb explosion will depend on many
factors, such us efficency of the bomb, height (or depth) of
burst, topography, meteorclogical conditions, ete., and these
may couse more or kes vargaton in the extent of dumage and
injury, Moveover, in the absence of any experimental informa-
tion on the effects of a ground or undenground utomie explosion,
no quantitative statements an the effects of such explosions are
possible.

2. Assumptions

In the following studses the atamic bomb cansidered is the
so-called “Nagazaki” bomb, a plutonium homb with an energy
release equivalent to that from 20000 toas of TNT. The air-
burst bomb is assumed 1o be exploded at 2000 feet, a height of
burst which is claimed to cause moximum damage. The under-
ground-burst bomb i assumed to be exploded at & depth of
40-50 feet, the depth to which & heavy bomb dropped from an
nireraft maght be expected to pepetrate. The undernatee-burst
bomb = assumed 10 be exploded in moderately shallow water
(approximutely 200 feet deep) under conditions similar to those
of Bikini.

3. Sources of Information

These notes are based upon material deawn from unclassified
American and British reports, and especially the American
publication “The Effects of Atomic Weapons'. A list of theso
repoets = given ss an Appendix to this pamphlet.
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Part Il
BLAST EFFECTS OF AN ATOMIC BOMB EXPLOSION
ON STRUCTURES
4. General

The hlust effects on structures sre due mainly to siv blast in
the case of an air-burst bomb; to air blast and some ground shock
in the caso of n ground-burst bomb; to ground shock and possibly
some air blast after an underground-burst bomb; and to air
blast and some underwater shock after an underwater-burst
homb,

Some idea of the magnitude of these blast effects can be
obiained from the fact that an sir-burst atomic explosion over an
average builteup area will eause the vomplete destruction or
collapse of practically all structures within a half mile of ground
gero (the point on the ground directly below the explasion). It
will also cause serious structural damsge to buildings within one
mile and partial damage to those within two miles of ground zeco.
Seructures still further awny will suffer some plaster damage and
window breakage,

In underground and undvm!er burst atomic explasions the
distances st which corresp will be d will
probably be respectively 409 and 0% less than the distances
given shove. For & ground burst explosion the aren affected will
probably be between that in an sir burst and an underground
burst explosion, as indieated i Figure 1 of appended charts,

5. Air Burst Bomb

In See. 4 consideration was given to the hlast effocts of an air-
burst stomie explosion on an avernge built-up area. Figure 2
shows the anticipated effect from blast of an air burst bomb on

(a) multi-storey reinforeed comcrete and  steel frame

structures

(b) one-storey heavy steed-frame factory structures

{¢) ome-storey light steel-f; fuctory str

(d) load-bearing brick-wall structures

{e) wood-frame structures und homes,

This shows, for example, that the air blast will couse 10095
destruction of ordinary homes within one and a half miles of
ground zero. Strueturs! damage sufficient to make part of the
floor ares unusable will cecur up to two miles away and moderate
plaster damage and 1009; window breakage to two and one-
quarter miles from ground sero. Light plaster damage and some
window hreakage will ocour even beyond these distances,
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6. Ground Burst Bomb

The explosion of & ground burst bomh may produce o crate
approximately 300 feet in mdivs and may cause spprecialy’
ground shock. Most damage, however, will be coused by o
blast. Generally speaking, the effects of the aie blgst will |
somewhat Jess than those indicated in Figure 2.

7. Underground Burst Bomb

An underground burst bomb may produce a crater approx-
imately 400 feet in radius and 100 feet in depth and will cause
ground shock similar to that caused by a strong loeal earthguake.
Clase to the bomb this shock muy cause cracks in foundations
and walls, and some listing of hmldmp At greater distunces it
may cause the fall of chimney= and d. top partitions,
and to sewer, gas or water mains. As hqum 3 indivates the
extent of damage is expected to vary considernbly with the type
of soil. For example, sn underground explasion in sandy soil
may canse considerable damuge to walls und foundations of
buildings within one-third of & mile of ground zero and some
damage to plaster partitions and plumbing up to one-half mile.
In the case of an explasion in clay soil it is estimated that damage
would extend to about one mile and two miles respectively.

8. Underwater Burst Bomb

The air blast from an underwater burst bomb may be
expected to cause corresponding damage to ndjucent land
structures at approximately one-half the distances shown in
Figure 2. In addition, the underwater shock, besides causing
serious damage to shipping, wnnamednnngetopknw
breakwaters within & hslf mile of the point of burst. Mareover,
the large waves formed may food and do serous damage to port
facilities and warehouses,

9. Air Burst Bomb

Many casualtics may be caused indirectly through the
collapse of buildings and by flying debris and glass although the
actual direet effect of blast from the bomb may be small.

Underground shelters will afford good protection against sir
blast effects, Basements of structures (especially reinforced
concrete or multi-storey steed-frame buildings) some distance
from ground zero may afford fair to good protection provided
precautions are tnken aguinst flying glass, debris, ete. Theve bs,




however, the possibility that people may be trapped in the base-
ment by the collapse of 4 structure and subsequently burned in
fires started in the ruins

Becsuse the blast effects are secondary and depend on so
many factors, an accurnte assessment of the hazards is difficult.
Injurses received by unprotected persons within a balf mile of
ground xero, however, are likely to prove fatal. In addition
there will be severe injurses due to flying debris up to 114 miles
awsy and occasional casualties from fiying glass as far as three
miles from ground zero.

10, Ground Burst, Underground Burst and
Underwater Burst

Similar results will take place in the case of a ground, under-
ground, or underwster burst stomic explosion except that a
ground hurst explosion may also cause appreciable direct blast
injury to unprotected people pesr the explasion. Genersily
speaking, however, the radii of injury from such explosions will
be smaller than those given in See. 9,
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HEAT EFFECTS OF AN ATOMIC BOMB EXPLOSION
ON STRUCTURES

11. Air Burst Bomb

Although the thermal radistion from an sir burst bomb may
start a fow fires in combustible material in structures or wreckage
near ground zero, most fires will atise from secondary eanses such
a= broken gas mains, electrical short cireuits, overturned
furnuees, stoves, ete., following the blast, Onee started, these
fires will spread to combustible structures or material downwind
unlesss checked by fire fighters or wide fire breaks,

Because 80 many factors are involved in the starting and
spreading of fires, s generalization of the expected fire
caused by an air burst bomb is of litthe value. Severe fire damage
will probably extend to more than one mile from ground zero,
but the limit of fire damage in the ahsence of wind should be
about two miles,

12. Ground Burst Bomb

Similar remarks spply to the heat effects to be expected from
a ground burst bomb except that the distances from ground zeco
nt which fires are startod will be somewhat Jess than those
indicated in Sec. 1L

13. Underground Burst Bomb

Following an underground burst bomb some fires will be
started from secondary causes. The distances from ground zero
nt which these fires will bo started, however, will probably be
less than those indicated in See. 11,

14. Underwater Burst Bomb

The heat effects of an underwater burst bomb on land
structures will, of course, be negligible.

ON PERSONS
15. Air Burst Bomb

All persons directly expesed to the theemal radiation from an
wir burst bomb within spproximately two miles from ground zero
will receive “flash burns™. The severity of these burns will be
greater in clear weather than in hazy weather.

Buildings, walls, shelters, ote., will give complete protection
agsinst thermal mdistion. Clothing, particularly if light
coloured, will give partial-or complete protection to the parts of
the body covered.

Figure 4 indicntes the degree of flash birms expected from an
air burst atomic explosion over an industrial city, in clear
weather, These eficcts vary from certainly fatal burns at & half
mile from ground zero through thind degree burms at seven-
cighths of o mile, to insignificant burn= st two miles. On n haxy
day the radii of flash burn will be approximately two-thirds of
those given above,

In addition to the flash burns mentioned sbove, people
trapped in burning buildings or otherwise exposed to fires cansed
by the stamic bomb will reevive ordinary flame burms. Though
the number of flame bum casuslties will be appreciable, this
hazard is difficult to assess.
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16. Ground Burst Bomb

With a ground burst bamh in 4 huilt-up srea, the surrounding
bulldings muy be expected Lo give protectson ngainst flash burmns.
Howover, bocause of the very high temperature in the vieinity of
the bomb burst, death aor serious injury may be expected up to
500 to 1000 feet from the paint of burst.
17. Underground Burst Bomb

The heat effects on people may be expected to be somewhat
less than thase of n ground burst bamb,

18. Underwater Burst Bomb
The heat effects on people will be negligible.

Part IV
RADIATION EFFECTS OF AN ATOMIC BOMB
EXPLOSION
ON STRUCTURES

19. Air Burst Bomb

The radiation effectz of an air burst atomic bomb on
sty will be negligibl

20. Ground Burst, Underground Burst and
Underwater Burst

The radiation from such atomie bomb explosions will cause no
physical damsge to structures. Some structures, however,
particularly after an underwater burst explosion, may be so
highly contaminated with radionctive fission produets that even
though they may be otherwise undamaged, safe occupancy may
not be possible for some weeks or until they have been
decontaminated,

ON PERSONS
21. Air Burst Bomb

The major radiation effects will result from the extromely
penetmuting radiation (particularly gamma rdiation) accom-
panying the explosion. They may also be some dight secondary
effects from the residual radiation emitted by the highly mdio-
netive fisgon products though, with an wir burst, practically all
the fission products will be carried high into the sir and later
scattered harmbesdy at consderable distances from ground sero.

Figure 5 shows the probable radiation effects of an air burst
bomb on unprotected persons, These effects vary from prae-
tically 1009, deaths to distances slightly over half o mile,
through 509 deaths st approximately three-quarters mile, to
7% deaths but some mdiation sickness at about one mile from
wround zevo. Beyond one and une-ehdulh miles, the rdintion
received will be less than that werod as per ible in an
emengency.

Some protection against this radiation will be afforded by
materinls such ns conerete or steel or even earth, Figure 5 shows
the degree of protection afforded by different thicknesses of the
first two mentioned materinls. For example, at a distance of
three-quarter mde (where radiation would cause 5097 deaths
among uny ted ) appr iy 10 of concrete will
reduce the mdistion effects to no deaths but some mdiation
mrkmwi IB’ of conerete will decrease the radiation dase to that

ible in an gency. The thick of earth
required 10 give corresponding protection will be one and two-
third times that of cancrete.

22. Ground Burst Bomb

In & ground burst the peneteating radiation necompanying
the explosion of the bomb will be effective to sightly greater
distances than those shown in Figure 5. In sddition, there will
be nppreciahle residunl mdiation from—

(&) the quantities of highly radioactive fission products

which are not earried high into the air,
(b) material made radiosctive by peutrons emitted at the
time of the bomb explasion, and

(¢} unfisstoned bomb materiul.

These highly radiasctive materials will be seattered by the

fosion und will cont. e the ground up to a mile or so fram
the boemb, depending on wind speed and direction,  Though
passuge over the greater part of the contaminated ground may
be possible shortly after the explosson, contamination will be
very heavy in and near the bomb erater and the radiation
emitted by the material will prevent safe occupaney of this area
for weeks or months. From the results of the Los Alamas bomb
test in 1945, an ares within approximutely one-quarter mile from
the ¢rater will be hazardous for comtinuous occupsney by
personnel not previawsly exposed to rudiation who may enter the
area one hour after the explosion. As the Los Alamos bomb was
not n ground burst bomb, however, but was exploded at ahout
75 abave ground, the stze of the wres muy be somewhat in doubt.




23, Underground Burst Bomb

1t is probinble that the primary radiation effects of an under-
ground burst bomb will be negligible. The earth from the crater,
however, heavily contaminated by o high percentage of the
fission products and also by material mode radioactive by
neutrons, ete,, will be scatterad to & mile or more from ground
2ora, as expluined in Sec, 22, The residual radistion from this
radicactive matersal will be so great in the vicinity of the vratee
that it will be impossilbde 10 approach the crater for weeks or
moaths without serious risk of cosualties. The hagard will fall
off with distance nnd probably the area unsafe for continuous
occupaney one hour after the explosion will be considerahly
amaller than after an underwater burst hamb. (See Sec. 24)

24. Underwater Burst Bomb

The primary radiation from an underwater burst bomb will
probably be negligibie. Maost of the fission products, however,
together with the radicactive isotopes produced by the setion of
neutrons will be retained in the wuter. Many tons of this water
will be blasted high into the air in & huge hollow eolumn and as
this water falls boek the spmy will contaminate land areas,
struetures, ete., within a radius of several thousand feet from the
point of explasion.

Under certain conditions, moceover, u highly radioactive
claud or mist some 200 to 300 feet high may be formed at the
base of the calumn. As this cloud or mist (usually called the
“huse surge’) spreads ocut, unprotected persons will receive
heavy dases of radintion. Some of the radicactive materiul in the
cloud may also be precipitated in the form of min, sdding to the
contamination of adjscent land sreas. The residual radiation
fram this contaminntion will cause further radistion injury to
exposed persons. The cecupancy of highly contaminated areas
will bo impossible except at the risk of casunlties

The size nnd shape of the area affected by the pesssge of the
buase surge and /or i 1 by radionctive fallout (rain)
will depend on many fsctors such as depth of burst, depth of
water, nature of harbour hottom, wind speed, wind direction,
ete. Opinion is not unanimous that the base surge will be formed
in temperate regians where conditions differ from those at Bikini,
Figure 6 gives an estimate of the mdintion effects on unpro-

under diti amilar to those at Bikini, where

L3

& 5 mph. wind was blowing at the time of the explosion. The left
wide of the Figure indicates the hazards due to radintion received
during the pussage of the base surge and that received in the first
hour from the radicactive fall-out on the ground. The radiation
from the fall-out will, of course, continue after the first hour and
will inerease the hazard to people remaining fonger in the area,
The right side of the Figure indicates the residusl mdistion
hazards and the ares safe for continuous occupancy by previously
unexpased persons who enter the ares one hour after the explosion.
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FIGURE 1
BLAST EFFECTS OF AIR BURST, UNDERGROUND BURST
AND UNDERWATER BURST ATOMIC EXPLOSION ON A
BUILT.UP AREA
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FIGURE 3

ESTIMATED BLAST EFFECTS OF UNDERGROUND BURST
ATOMIC EXPLOSION ON STRUCTURES
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FIGURE 4

HEAT (Floh bum) EFFECTS OF AR BURST ATOMIC
EXPLOSION ON UNPROTECTED PERSONS ON CLEAR DAY
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Note re Fig. 5
To determine approximate thickness of concrete required to
reduce radiation to a lower intensity at any dist from ground

zero using Figure 5.

I. Measure off the known distance on the left side of the
horisoatal scale.

2. Draw s vertical line from this point upwards continuing
until it meetz the curved line representing the desired
radiation Jevel.

3. The figure on the left side of the vertical scale oppasite the
paint where the line drawn (para. 2) cuts the intensity curve

is the required thickness of concrete.
Example — ’
To find the thickness of e
cancrete required to reduce /
radiation to 25¢ at 4000 feet Sl
from ground zero. /
Starting from A (4000 ft.) P
draw AB vertically till it cuts / o
the 25r curve (B). Read the ’
figure (C) horizontally oppasite ’
B, i.e., about 15 inches, ] {4
!
'
/ .
7________:_ c
1
I" al
1 1
i
(R
Il '
1 | - -
ro
1 :A

FIGURE 5



FIGURE §

INITIAL RADIATION EFFECTS OF AIR BURST ATOMIC
EXPLOSION ON UNPROTECTED PERSONS
(AND PROTECTION AFFORDED BY CONCRETE OR STEEL)
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FIGURE &

PRST MOUR AND SUBSEOUENT RADIATION EFFECTS OF
UNDERWATER BURST ATOMIK EXPLOSION ON UNPRO.
TRCTID PERSONS ON ADIACENT LAND AREAS
OR ON SHPS
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