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THE EFFZSTS _CF HIGH-Y1ELD NUCLEAR EXPLCSIONS

1% Considerable inrormation on the effects of the explOsions
of atomic weapons has been made public by the Government since
the first puclear detonations in 194L5. The handbook,

" Phe effects of Atomic Weapons'", published in 1950, is being
revised ard brought up to date to include the effects of
thermonuclear weapons, as a result of the most recert tests

at the Pacific Proving Grounds. Refercnces to the effects

of thermonuclear explosions have been made in several official
statements, beginning with Chairman Strauss’ description of
the phenomenon of "fallout" at a White House news conference
on March 31, 1954. The following statement is designed to
condense and correlate iaformation, some of which already has
been made public and other portions of which have been of

a classified nature until now.

23 The effects of nucleasr tests are evaluated for civil
defense planning as well &s for military and technolagical
DUrpoOSES, So long as nuclear weapeons are in possession of
any unfriendly power, the Conmigsion believes the American
public will wish to e as fulliy informed as posgsible as to
the neture and extent of the dangers of nuclear attack and of
the protective measures that can be taken by individuals and ¢
comnunities to avoid or minimise those dangers if we should
be attacked.

e Test conditions, which must necessarily form the
principal basis of evaluating the effects of puclear explosions,
may differ markedly from those which might be expected if
nuclear weapons were used against our population in wartime.
Tt would be difficult to predict the size or kind of borb
an enemy might use against us in event of war, hthe exact
means of its delivery, the height at which it would be
exploded, or the pumber of bombs which might reach a given
targst. Neverthelzss, the facts to followare the funda-
mental ones at this time.



FOUR EFFECTS OF DETONATIONS

L. A nuclear detonation produces four major characteristics -
plast, heat, immediate nuclear radiation, and residual radio-
activity. Of these, the first three are essentially
inctantaneous, while *he fourth has a more protracted effect,
The phenomene of blast, heat, and nuclear radiotion from the
detonation of a thermonuclear bomb are of the same nature as
those of egcrlier and smaller atomic bombs. The nature of
the phenomena is, in general terms, standardised whether the
bomb be a 20,000-ton %TNT equivalent) atomic weapon or a
thermonuclear one of many times that power, The intensity
end area of the blast, hea®, and nuclear radiation increase
in relation tc the greater energy yield of the explosion,
Information on these e¢ffects has been extensively
-publicised; therefore, this report deals principally with
effects other than heat and blast.

5 Residual radicactivity, although in no sense exclusive

50 high yield thermonuclear detcnations, does become 2 matter
of major concern when a large thermonuclear device of the type
used in the 1954 tests in the Pacific is exploded on or near
the ground. The fallout of radioactivity frem such an
explosion, may, under certain conditions, settle over wide
areas. Therefore, the extent and severity of this radio-
asctive fallont has been a subject of continuing study since
the first full-scale thermonuclear tesis at the Pacific
Proving Grounds on November 1, 1952, The results of these
studies and of our evaluation of data obteined from the latest
tests in the Pacific in March, 1954, are described in suwsequert
parts of this report.

6. It should be noced that if we nad not conducted the
full-scale thermonuclear tests mentioned above, we would
have been in ignorance of the extent of the effects ofradio-
active fallout and, therefore, we would have been much nore
vulnerable to the dangers from fallout in the event an

enemy should resort %o radiological warfare against us,

BLLST AND HEAT ERFECTS

fia The effects of blast aud heat from a nuclear cxplosion
are relatively localised. One A—pomb of the earliest

type egquivalent to 20,000 tons TNT (20 kilotons) would produce
Hlast sufficient to destroy or damage seriously residences
within a one-mile radius. Within a radius of about a2 mile
and a half, residences would be so damaged &s to be unusable
without repairs. A4 nrincipal hazard to human beings would
come from flying and falling debris and from fires due to
such causes s broken gas and electric lines or overturned
stoves. The area in which injuries to human beings would
be caused by blast, therefore, would he about the same as the
area of damage to structures. >

8. Tne United States, as announced previously has

developed fission bombs many times ss powerful as the first
A-bombs, and hydrogen weapons in the ranges of millions of
tons (megatons) of TNT equivalent. For these larger weapons,
the blast effects can be calculated approximetely by means

of a scaling law, namely, the distance at which a2 given blas%t
intensity is produced varies as the cube roots of the yields
of the explosions.




9. gimiiarly, the heat ané burn effects of nuclear
explosions can be estimated from accumulated data. These
effects, of ccurse, are influenced by prevailing atmospheric
conditions. The time element also is a prime factor., Very
large weapons deliver heat over an appreciably greater period
of time then smaller weanons. A given guantity of heat LTrom
a high-yield weapon, cdclivered over a longer period of time,
will produce somewhat less severe burns than the sams guantity
of heat from a nominal detonation.

PROTECTION AGAINST BLAST AND HELT

10, The hazard from both burn and blast effects in the cuter
affected areas would be reduced greatly by sheltegr. Clio%thing

ce almost any kind of shelter would reduce the denger of direct
burns, although there might be some danger of clothing and
structures becoming ignited. Shelter would meterially reduce
the hazard of blast injury by affording protection against flying
of falling de¢bris. The Federal Civil Defense Administration

has mode extensive studies of shelters and has issued plans for
several simple and inexpensive types which can be utilised by
householders, However, the Federal Civil Defense Administration
recommends evacuation of the central areas of target zones on
early warning of approacihing attack.

RADIATION EEFECTS

11, The immediaste nuclear radiation. i.e., the neutrons

and gamma rays released instantancously with the explosion of

a large weapon on or near the ground, does not present a serious
hazard beyond the area where heat and blast are of great concern.

FALLOUT RADIATION

12. However, particles with residual radioactivity produced

Ty a detonation (as opposed to the imrediate nuclear radiation)
mey fall out over an area much larger than that affected by blast
and heat, and over a longer period of time. 411 nuclear
detonations produce radiocactive materials, but the nature and
extent of the redioactive fallout depends on the conditions under
which the bomb is fired. The mein radiocactivity of a bomb's
fallout decreases very rapidly with time - for the most part,
within the first hours after the detonation.

 FAITCUT FROM IN--THE-AIP. DETONATIONS

13. An in-the-air explosion where the fireball does not touch

the earth's surface does not produce any serious radiological
fallout hazard, The rediocactivity produced in the bomb condenses
only on solid particles from the bomb casing itself and the

dust which happens to be in the ailr. In the absence of material
drawn up from the surface, these supstances will condense with

the vapors from the bomb and air dust to form only the smallest
particles. These minute substances may setcle to che surface
over a very wide area - probably spreading around the world =
over a period of days, or even months, DBut they descend exiremely
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slowly with the result that, by the time they have reached the
carth's surface, the largest pard of their radioactivity has
been dissipated harmlessly in the atmosphere.

FALLOUT FROM SURF..CE DETONATIONS

1L. If, however, the weapon is detonated on the supface or
close cnough so that the fireball touches the surface, then
large amounts of material will be drawn up into the boab cloud,
Many of the rarticles thus formed sre heavy enough to descend
rapidly while still intenscly radiocactive, The result is a
comparatively localised area of extrene radioactive contamina-
tione. Instead of wafting down slowly over & vast area, the
larger and heavier particles fall rapidly bezfore there has
teen an opportunity for them tc decay harmlessly in the
atmosphere and before the winds have had an opportunity to
scatter them,

15, The area of hazard from radioactive fallout from a surface
or near-surface explosion of a thermonuclear Wweapon is much
larger than the areas seriously affected by heat and blast.

The large radioactive cloud of a thermonuclear cxplosion

rises with great rapidity to ihe highest levels of the
atmosphere and spreads cver hundrecs of square miles in the
first hours. During this time. the winds toss the extremely
radicactive particles about and the pattern of the radiogctive
fallout is determined by the size of the particles and Dy the
direction and velocities of the winds, including those up to
80,000 feet and above. The nature of the surface of the

earth on which the bomb is fired also must be taken in%o
consideration. Recause of thesz variables, it is impossible to
apply a single fallout pattern to all thermonuclear detonations,
even test explosions conducted under selected conditions.
However, with adequate knowledge of atmospheric conditions,
including wind directions and velocities up to high levels

and meteorological reports, the fallout region for any
detonation usually can be predicted with considerable accuracy.
In general terms, the region of severe fallout contamination
from the detonation of a thermcnuclear weapon Pired on or

near the surfece can be described as an elongated, ciger-
shaped area extending dovn-wind from the point of burst.

FALLOUT PATTERK OF PACIFIC TESTS

16. Ths thermonuclear device fired at the Bikini Atoll on
March 1, 1954, was exploded on a coral islend. Coral

consists of calcium carbonate, thus the detonation's radio-
activity was spread by particles consisting largely of unslaked
lime which, during the hours of descent, was slaked by moisture
in the atmosphere. These particles ranged betwzaen 1/1000th
and 1/50th of an inch in diamber ond were, on the average,
scmewhat adhesive. The prevailing winds were westerly so the
pomb cloud moved generally to the east and deposited the
radioactive particles in varying amounts over an elliptical

or cigar-shaped area, sbout 160 (statute) miles down-wind
from the point of burst the early fallout was observed in the
Porm of fine particles which looked like snow. It began

to fall cbout eight hours after the detonation and continued %o
fall for several hours,



17. The roentgen is the commonly accepted unit of measurement
of radiation dosage. /» dose of ebout 25 roentgens of radio-
activity received by o person Over a brief space of time will
produce temporary chenges in tne blood. A dose of some 100
roentgens received in a short interval may produce nausea

and other symptoms of radiation sickness. About 450 roentgens
delivered over a day or so might be fatal to approximately
half of the persons so exposed. However, because of the
body's repair processes, @ total radiation dcse which would be
serious if incurred in a few minutes would produce much less
etfect if spread over a period of years. These statements
may be helpful in understanding the data which follow.

18, The very large thermonuclear device exploded at ground
surfece during the tests in the Pacific on Hiarch 1, 195L,
contaminated an elongated, cigar-shaped area exthending
approximately 220 statute miles down-wind and varying in
width up to L0 miles, in sddition, there was a convaminated
area up-wind. and cross-wind extending possibly 20 miles from
the point of detonation. Data was collected from 25 points
on 5 atolls located from 10 to 3%0 miles down-wind (generally
east) from Bikini Atcll. Due to an unexpected snif't in the
irection of the prevailing winds in the Ligher altitudes, the
fallout missed the observation rafte that had been placed farther
north previous to the test firing. The estimated contour
of the patterr. of fallout is, therefore based only in part on
data obtained from actual measurements and partly on extra-
polation, i.e., calculations bvased on known date, including
éactual information obtained during previous tests of smaller
cvices.

19. Data from these tests perits estimates of casualties

which would heve been suffered within this conteminated area

if it had been populated. These estimates assume: (1) that

the people in the area would receive the maximum dose, (2) that
they would not take shelter put would remain out of doors
compietely exposed, and (3) that they woulé ignore even the

most elecmentary precautions. Therefore, it will be recognised
+hat the estimates which follow are what might be termed

extreme ostimates since they assuue the worst possible conditions,

20. On the basis of data collected from the March 1, 1954,
thermonuclear test in the Pacific, it is estimated that

there was sufficient radioactivity in & down-wind belt about
140 miles in length and of varying width up to 20 miies to
have seriously threatened the lives of necrly all persons in
the area who did not take protective measures. During the
actual tests, of course, tEere were no peopie in this zone.
Inside Bikini Atcll at a point 10 miles down-wind from the
explosion it is entimated that the radiatior doseage Was about
5000 roentgens for the fipst 36 hour period after the fallout.
The highest radiation mecsurement outside cof Bikini Atoll
ipdicated a dosage ol 2300 roentgens fur the same period.

This was in the northwestern part of the Rongelap Atoll, about
100 miles from the point of dztcnation. Additional measure-
ments in Rongelap Atoll indicated dosages, for the first

26 hour period, of 2000 roentgens at 110 miles, 1000 roentgens
2t 125 miles, and, farther south, only 150 roentgena at 115
miles from Bikind,.
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21, Some distance farther from the point of detonation,

at about 16C miles down-wind and along the axis of the
ellinse, the amount of radioactivity would have seriously
threatened the lives of about one-half of the persons in the
area who 1'ailed to take protective measures. t is
esbimated that the radiation dosage at that point was about
500 roentgens for the first 36 hour period,

22. Near the outer edge of the cigar-shaped ares, or
approximately 190 miles down-wind, it is estimated that

the level of radioaciiviiy would have been sufficient to have
seriously threatened the lLlives: of 5 to 10 percent of any
persons who might have remained expcaed out of doors for the
first 36 hours. In this area the radiation dosage’is
estimated at cbout 300 roentgens for the first 36 hour period,

23. Thus, about 7,000 sguare miles of territory down-wind
from the point of burst was so contaminated tnat survival
might have depended upon prompt evacuation of the area or
apon taking shelter and other protective measures.

2L, 4Lt a point of 220 miles or more down-wind, it is
unlikely that any deaths would have occurred from radio-
activity even if persons there had remained exposed up to
L8 hours and had taken no safety measures.

25. The estimates cited gbove do not apply uniformly
throughout the contaminated area inasmuch as the intensity

of radioectivity within a region of heavy failout will vary
from point to point due to such factors as air currents, rain,
snow, and other atmospheric conditions. Because of this

and because most persons. if given sufficient warning,
probably would evacuate the area or take shelter and ovher
precautionary measures, the actual percentage of deaths

could reasonebly be presumed to be considerably smaller

than these estimates.

PROTECTION AGAINST FALLOUT

26, In an area of heavy fallout the greatest radiological
hazard is that of exposure to external radiation, Simple
precautionary measures can greatly reduce the hazard to

life, Exposure can be reduced by taking shelter and by
utilising simple decontamination measures until such times

es persons could leave the area, Test data indicate that the
radiation level, i.e., the rate of exposure, indoors on the
firset floor of an ordinary frame house in a fallout area would
be about one-half the level out of doors. Even greater
protection would be afforded by a brick or stone house. Taking
shelter in the basement of an average residence would reduce the
radiation level to about one~tenth that suffered ont of doors,
Shelter in an old-fashioned cyclone czllar, with a covering of
earth three feet thick, would reduce the radiation level to
about 1/5000, or down to a level completely safe, in even

the most heavily contaminated aresa. Designs of shelters

of simple yet effective construction have been prepared by

the Civil Defense Administration and are availeble to the
public.
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27. Redicactive material deposited during fallout may or

may not be visible but would be revealed by radiation

detection instruments such as Geiger counters. iny falling
dust cr ash that can be secn down-wind within a few nours
after a nuclear explosion should be regarded as radioactive
until measured by a re lation detection instrument and found to
be harmless.

28, Care should be taken to avoid the use of solid foods or
1iquids that may contain fallout particles.

27. If fellout particles come into contact with the skin,
hair or clothing, prompt decontamination preceautions such

a8 have been prescribed by the Federal Civil Defense
sdministration will greatly reduce the danger. These include
such simple measures as thorcugh bathing of exposed parts

of the body and a change of clothing.

30. If persons in a heavy fallout area heeded warning or
notification of an attack and evacuated the area or availed
themselves of adequate protective measures, the percentage
of fatalities would be greatly reduced even in the zone of
heaviest fallout,

FALLOUT FROM NEV.ADA THSTS

31. Only relatively small nuclear test explosicns are
conaucted at the Nevada Test Site, in contrest to the tests
of high-yield thermonuclear devices at the Pacific Proving
Grounds. In Nevada, as well as in the Pacific, all testc are
planned for times when forecast weather conditions minimise
the possibility of fallout hazord. Mawhode of forecasting
weather patterns in these areas are improving steadily. High
air bursts at the Nevada testing grounds have produced no
significant fallout and heavy fallout from near-surface
explosions has extended only a few miles from the point of
burst. The hazard has been successfully confined to the
convrolled area of the test site. The highest actual dose
of rudiation at an off-site community has been estimated to
be less than one-third of the greatest amount of radiation
which atomic energy workers are permitted to receive each
year pnder the Atomic Energy Commission's conservative
saf'ety standards,

INTERNAL RADIATION EFFECTS

32, Several basic facts should be kept in mind in evaluating
the hazard from fallout radiastion. First, radiation is not a
new phenomenon created by the explosions of fission and thermo-
nuclear weapons. Since the beginning of 1ife, living things
have been exposed constantly to radiation from natural sources.
Cosmic rays from space constantly pass through our bodies.

We are exposed to "background" radiation from radium and radon
in the soil, water and air. Our bodies have always contained
naturally radioactive potassium and carbon.

33. 4s pointed out earlier, detonations of all atomic
weapons produce radioactivity, a portion of which is carried
to high altitudes and over great distances in the form of
fine particles. The percentage of this radioactivity which
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travels beyond the relatively near area of the explosion
depends largely on the conditions under which the bomb is
fired, the percentage being higher for in-the-air bursts

where the fireball does not touch the earth's surfacze. The
mestT widespread radioactivity is produced only by the
longer-lived fission products, since the radioactivity of the
shorter-lived products decays and disappears before the
particles come down to earth in a matter of days, weeks, month
and even years. The longer-lived radioactive products maw be
distributed over the entire ecarth. However, as the particles
are carried farther and farither to remote areas, the
»ossibility of significant amounts of fallout decreases.

RADIOSTRONTIUM F..LLOUT

3L, One of the most biolog:icelly important radioactive
substances found in fallout is strontium-90. It has 2 long
lifetime - nearly 30 years on the average. Radiostrontium
has a chemical similarlity to calcium and, therefore, when
*aken into the body it has a tendency to collect in the bones.
Radiostrontium can enter the body in two ways - by inhaling
or by swallowing. Normallv, the amount inhaled would be
small compared with the amount one might swallow. Fallout
material deposited directly on edible parts of plants may
be eaten along with the plants, but washing the pl-nts
before they are eaten would remove most of this redioactive
material, However, rainfall carrying the radiostrontium
down to earth may deposit it in the scil where it can be
taken up, in part, by plants and incorporated into plant
tissues, later to be eaten by humans or by grazing animals
which, in turn, provide food for humans.

"35, Sincs the start of imueclear tests, careful
measurementve nave been made of the distribution of
radiostrontium over the earth's surface, in the soils,
in plants end enimal tissues, in the oceans, in rain,
in the atmosphere and in al’l forms in which it wight
oe expected o occcur. The results of this study are
Teassuring, The amount of radiostrontium now present
in the soils of the United States as a results of all
miclear explosiong to date would have to be incressed
many thousand times before any effect on humens would
be aoticeable, o A P T e

RADIOIODINE FALLOUT

%6. Among the shorter-lived fission products involved in
the study of internal radiation, the most biologically
important is radioiodine-131 with an' average life of only
11.5 days. Even though this product may be widely spread
after a nuclear explosion, the possibility of serious hazard
is limited by its relatively short life. Like the non-
radicactive form of the element, it concentrates in the
thyroid gland and, in excessive quantity, conceivably could
demage the thyroid cells.

37. Scientists of the AEC have estimated that the average
exposure of people in the United States from radioiodine in
the fallout from the entire series of tests in the spring of
1954 was only a few percent of the snnual dose that can be
received ycar after year and still have no noticeable effects.
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38, These two isotopes - radiostrontium znd radioiodine -
constitute the principal internal hazards from the radio-
activities produced by the detonations of atomic weapons,

both fission and thermonuclear. The Atomic Energy

Commission has been engaged ror three years in a broad study of
the radioactive forms of these isotopes and conducts year-
round monitoring of these radiocectivities in many locations.
Any accumulation of these materials can >e detected with
greatsensitivity so that ample warning of potential hazard coul
be given lung before any actual danger occurred. The amounts
of radiostrontium and radiociodine which have fallen outside
the areas near the test sites as a result of all atomic

tests up to now are insignificant compared to concentrations
that would be considered hazardous to health.

GENETIC EFFECTS OF RADIATION

39, One other effect of radiation must be considered in
evaluating the long-range possibilities of hazard from
nuclear detonations. This is “he possible genetic effect
upon the germ cells which transmit inherited characteristics
from one generation to another. 4t our present stage of
genetic knowledge, there is a rather wide range of admissible
opinion on this subject.

LO0. 1In general, the total amount of radiation received

by residents of the United States from all nuclear detonations
to date, including the Russian and British tests and all of
our own tests in the United States and the Pacific, has been
gbout one-tenth of one roentgen. This is only about 1/100th
of the average radiation exposure inevitably received fron
natural causes by a person during nis or her reproductive
lifetime. It is about the same as the exposure received
from a single chest x-ray. '

41, The medical and biological advisers of the Atomic Inergy
Commission believe that the smallamount of additional exposure
of the general population of the United States from our :
nuclear weapons testing program will not seriously affect

the genetic constitution of human beings. Nevertheless, we
are continuirg our thorough study of the sntire cuestion and
will continue to report our findings to the American people,

SUMMARY

L42.The Atomic Energy Commission hopes that the information

on nuclear weapons effects contained in ths foregoing report
will never be reflected in human experience as the result

of war. However, until the possibility of an atomic attack
is eliminated by a workable international plan for general
disaruement, the study and evaluation of weapons effects

and civil defense protection measurements must be a necessary
duty of our government.

43, Inevitably, a certain element of risk is involved in the
testing of nuclear weapons, just as there is some risk in
manufacturing conventional explosives or in transporting
inflammable substances such as oil or gasoline on our streets
end highways. The degree of risk must be balanced against
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the great importance of the test programs to the security

of the nation and of the free world. However, the degree

of hazard cen be evaluated with considerable accuracy and

test conditions can be controlled to heold it to a minimum.
None of the extensive aata collected from all tests shows that
residual radioactivity is being concentrated in dangerous
amounts anywhere in the world outside the testing aresas.,

4. It must be recognised that in the event of war
involving the use of atomic weapons, the fellout from large
nuclear bombs exploded on or near the ground would create
areas of hazard to civilian populations far greater than
heretofore experienced. However, as mentioned in the fore-
going statement, there are many simple and highly effective
precautionary measures which may be taken by individuals to
reduce casualties to a minimum outside the immediate area

of complete or near-complete destruction by blast and hest.
Many of these protective measures, such as sheiter and
decontamination procedures, have been detailed by the Federal
Civil Defense .dministration.
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