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FOREWORD

The United States Strategic Bombing Survey was established
by the Secretary of War on 3 November 1944, pursuant to a Directive
from the late President Roosevelt., Its mission was to conduct an
impartial and expert study of the effects of our asrial attack on
Germany, to be used in connection with air attacks on Japan and to
establish a basis for evaluating the importance and potentialities
of alr power a2 an instrument of military strategy, for planning the
future development of the United States armed forces, and for deter-
minlng future sconomic policies with respect to the national defense.
A summary report and scme 200 supporting reports contalning the find-
ings of the Survey in Germany have been published.

On 15 August 1945, President Truman requested that the
Survey conduct a similar study of the affects of all types of air
attack in the war against Japan, submitting repcrts in duplicate to
the Secretary of War and to the Secretary of the Navy., The officers
of the Survay during lts Japanese phase were:

Franklin D'0lier, Chairman

Paul H. Nitze, Henry C. Alexander, Vice-Chairmen
Walter Wildas, Secretary

Hﬂ.‘l."'.l."}' L. Bowman

J+« K. Galbraith v

Rensie Likert )

Frenk A. McHamee

Fred Searls, Jr,

Monroe Spaght

Dr. Louis H. Thompson
Theodore F. Wright, Directors.

v LA

The Survey's complement provided for 300 eilvilians,
350 officers, and 500 enlisted men, The military segment of the
organization was drawn from the Ammy to the extent of 60 percent,
and from the Navy to the extent of 40 percent. Both the Army and
Navy gave the Survey all possible asaistance in furnishing men,
supplies, transport, and information. The Survey operated from
headquarters in Tokyo early in September, 1945, with sub-headquarters
in Nagoye, Osaka, Hiroshima, and Nagasaki, and with mobile teams
operating in other parts of Japen, the islands of the Facific and the
Asiatic mainland,

It was possible to reconstruct much of wartime Jap
military planning and execution engagement by engagement and ign !:



by campalgn, and to secure resscnably accurate statistica on Japan'as
aconomy and war-production plant by plant, and industry by industry.

In addition, studies were conducted on Japan's overall strategic

plans and the background of her entry into the war, the internal
discuasions and negotiations leading to her acceptance of unconditional
surrender, the course of health end morale among the civilian popula-
tion, the effectivensss of the Japanese civilian defense organization
and the effects of the atomic bomba, Separate reports will be issued
covering each phase of the atudy.

The Survey interrogated more than 700 Japanese mlllitary,
povernment and industrial officials, It alao recovered and trans-
lated many documents which have not only been useful to the Survey,
but will also furnish deta waluable for other studies. Arrangements
are being made to turn over the Survey's filea to a permanent goverm-
ment agancy where they will be available for further a:aminntiun and
distribution,
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1. INTRODUCTION

The available facts about the power of the atomie bomb as
a military weapon lie in the atory of what it did at Hiroshims and
Negasaki. Many of these facts have been published, in officiel and
unofficial form, but mingled with distortions or errors., The U. 5.
Stategic Bombing Survey, thereforse, in partial fulfillment of the
mizasion for which it was established, has put together in these
pages a fairly full sccount of just what the atomic bombs did at
Hiroshima and Nagasaki., Together with an explanation of how the
bonb achieved thesa effects, this report states the extent and nature
of the damags, the casualties, and the political repercussions from
tha two attacks, The basis is tha obsarvation, measurement, and
analysis of the Survey's investigatora. The conjecture that is
necessary for understanding of complex phencmena and for applying the
findings to the problema of defense of the U.S. is clearly labelled,

When the atomic bombs fell, the U.S. Strategic Bombing
Survey was completing a study of the effects of sirategic bombing
on Germany's ability and will to resist., A similar study of the
effects of strategic bombing on Japan was being planned, The news
of the dropping of the atomic bomb gave a new urgency to this project,
for a atudy of the air war against Japan clearly involved new weapons
and new possibilities of concentration of attack that might qualify
or even change the conclusions and recommendations of the Survey as to
the effectivenssa of air power. The directors of the Survey, there-
fore, decided to examins exhaustively the effects of the atomle
bombs, in order that the full impact on Japan and the implicaticns of
their results could be confidently analyszed. Teams of experis were
salectad to study the scenss of the bombings from the special points
of emphasis of physical damege, civilian defense, morale, casualties,
eommunity life, utilities end transportation, various industriea,
and the general economic and politicel repercussions, In all, mere
than 110 men - engineers, architects, fire experts, economists,
doctors, photographers, draftsmen - participated in the field study
st each city, over a period of ten weeks from October to December,
1945, Thelr detailed studies, now baing published, are listed in an

appendix to this summary report.

In addition, close liaison was maintained with other
investigating units, Cooperation was received from, and extended %o,

the following groups:

The Joint Commission for the Investigation of the Ato
Bomb in Japan
g _
D =




The British Mission to Japan
The Naval Technical Mission to Japan

Speglal acknowledgement is due to the medical groups of the
Joint Commission, whose data and findings have besn generously made
availabla to the Survey. On medical aspects of the bombings, tha
Joint Commisaion was tha chief fact-finding group; it will present
its definitive report in the near future. In other flelds, however ==
particularly the study of physical damagh and the lmpeaoct on community
life == the Survey collected its own data and is the primary source.




1I. The Effects of the Atomic Bombings.

A« The Attacks and Damage.

1. The Attacks.

A single atomis bomb, the first weapon of its type ever
ussed against a target, exploded over the ecity of Hiroshima at 0815 on
the morning of 6 August 1945. Most of the industrial workers had
already reported to work, but many workers were enroute and nearly all
the school children and some industrial employees were at work in the
open on the program of building removal to provide firsbreaks and dis-
perse valuables to the country. The atitack came 45 minutes after the
"all clear” had been sounded from a previous alert., Bscause of the
lack of warning and the populace's indifference to smell groups of
planes, the explosion came as an aimost complete surprise, and the
people had mot taken shelter. BMany were caught in the open, and most
of the rest in flimsily constructed homes or commercial establishments.

The bomb exploded slightly northwest of the center of the
oity. Because of this accuracy and the flat terrain and eircular shape
of the oity, Hiroshima was uniformly and extensively devastated. Frao =
tically the entire densely or moderately built-up portion of the city
was leveled by blast and swept by fire. A "fire-satorm", a phenomenon
which has occurred infrequently in other conflagrations, developed in
Hiroshima: fires springing vp almost simultanecusly over the wide flat
area around the centsr of the city drew in air from all directiona. The
inrush of air easily overcame the natural ground wind, which had a
velooity of only about five miles per hour. The "fire-wind"™ attained a
maximum velocity of 30 to 40 miles per hour two to three hours after
the explosion. The "fire-wind" and the symmetry of the built-up center
of the city gave a roughly ciroular shape to the 4.4 square miles which
were almost completely burned out.

The surprise, the occllapse of many bulldings, and the con-
flagration sontributed to an unprecedented casualty rate, Seventy to
eighty thousand peopls were killed, or missing and presumed dead, and
an equal number weres injured. The magnitude of casualties is set in
relief by a comparison with the Tokyo fire raid of 9/10 March 1945, in
whioch, though nearly 15 square miles were destroyed, the number killed
wag 0o larger and fewer people were injured.

At Nagasakl, three days later, the city was scarcely more
prepared, though vague referencea to the Hiroshima disaster had appeared
in the newspaper of 8 August. From the Nagasaki Frefeotural Report om
the bombing, something of the shock of the explosion can be inferred:

" The dny was clear with not very much wind =-- an ordinary mid-
summer's day., The straln of continuous air attack on the nlty':
population and the severity of the summer had vitiated =



enthusiastio air raid precautions., PFPreviocusly, a general alert
had been sounded at 0748, with a raid alert at 0750; thiz was
oancelled at 0830, and the alertness of the people was dissipated
by a great fesling of reliefl.”

The oity remained on the warning alert, but whsn two B-29's ware again
sighted coming in the rald signal was not given immediately; the bomb
was dropped at 1102 and the raid signal was glven a few mipnutes later,
at 1105, Thus only mbout 400 people were in the olty's tunnel shelters,
which were adeguate for about 30 per cent of the populatien.

"When the atomlo bomb exploded, an intense flash was observed
first, as though a large amount of magnesium had been ignited,
and the scene grew ha:zy with white smoke. At the same time at
the center of the explosion, and a.short while later in other
areas, a tremendous roaring esound wae heard and a orushing blast
wave and intense heat wers felt. The people of Nagasaki, even
thoss who lived on the outer sdge of tha blast, all felt as
though they had sustained a direot hit, and the whole city suf=-
fered damege such ms would have resulted from direct hits every-
where by ordinary bombs."

"The Zero area where the damage was most severe was almost com-
pletely wiped out and for a short while after the explosion no
reports came out of that area. Feople who were in comparatively
damaged mreas reported thelr condition under the impression that
they had recelved a direot hit. If such a great amount of dam-
age oould be wreaked by a near miss, then the power of the
atomlo bomb is unbelisvably great."

In Nagasakl, no fire estorm marose, and the uneven terrain
of the ecity confined the maxXimum intensity of damage to the walley over
which the bemb exploded. The area of nearly complete dewvastation was
thus much emaller: only about 1.8 square miles, Casualtles were lowser
alsoj between 36,000 and 40,000 were killed, and about ths same number
injured. PFeople in the tumnel shelters escaped injury, unless exposed
in the pntrance shaft.

The differesnce in the totals of destruotion to llves and
propsrty at the two cities suggests the importance of the speoial oir=
ocumstances of layout and oconstruction of the oltles, whioh affect the
results of the bombings and must be considered in evaluating the effec-
tiveness of the atomio bombs. An mccount of the nature and history of
each oity will give meaning to the details of the damage and disorgan-
ization at each.

2. HIROSHIMA.

The olty of Eiroshima is located on the broad fan- ad
delta of the Ota River, whose seven mouths divide the oity intni;;g

§



islands which projeot finger-like into Hiroshima PFay of the Inland Sea.
These mouths of the river furnished excellent firebreaks in a eity that
is otherwise flat and only slightly above sea level. A highly devel-
oped bridge system, with Bl important brldges, joined the islands. A&
single kidney shaped hill in the eastern part of the olty, about one-
half mile long and rlsing to an slevation of 2Z1 feest, offered some
blast protectlon to structures on the eastern sldes opposite the point
of fall of the bomb. OCtherwise, the clty was uniformly exposed to tha
spreading energy from the bomb.

The city boundary extends to some low hills to the west
and northeast and embraces 26.36 square miles, only thirteen of which
wores built up. Seven sguare miles were densely or moderately built up,
the remainder being occoupled by sparsely built-up residential, storage,
and transportation areas, vegetable farms, water courses, and woodad
hilly ssotions. In the central areca, no systematic separation of com-
meroial, industrial, and reaidential gones exlisted, though there were
rough funotional seotions, The main commeroial district was located
in thé center of the ocity, and with the adjolning Chugoku Regional
Army Headgquarters occoupled the greater portion of the central island.
Basidential areas and military barraoka averlapped and surroundad this
central area. The bulk of the industries were located on the perimster
of the olty, either on the southern ends of the islands (where the
Hircoshima airport was alsc sltuated) or to the east of the city. The
four square miles of densely bullt-up area in the heart of the city --
residential, commerolal, and military -- contained 76 peroant of the
total population. If there were, as seens probable, about 245,000
people in the clty at the time of the attack, the density in the con-
gested area muat have been about 45,000 par square mile. Five com-
pleted evacuation programs and a sixth then in progress had reduced the
population from ite wartims peak of J80,000.

1

In Hiroshima (and in Nagasaki also) the dwellings were of
wood oonmstruotiony about ome-half were one story and the remainder
elther one and one-half or two storles. The roof coverings were mostly
hard-burnt black tile. There were no masonry divislon walls, and large
groups of dwellings clustered togsther. The type of constructionm,
ooupled with antiquated fire-fighting equipment and inadequately trained
personnel, afforded sven in pencetime a high possibility of conflagra=-
tion. Many wood framed industriml buildings were of poor constructlon
by American standarde. The principal polnte of wealkness weire the ex-
tremely small tenmons, the inadequate tenslon Jjolnts, and the inadeguate
or peorly designed latéeral bracings. Relinforced conorete framed build-
inge showed a striking lack of uniformity in design and in quality of
materials. Some of the oonstruotion detalls (reinforoing rod splices,
for exampls) were often poor, and much of the concrets was definitely
weak; thus soms reinforoed conorets bulldings collapsed mnd suffered
strustural damage when within 2,000 fest of ground zero, and =
internal wall pansling was demolished even up to 3,800 fest. r cons—
venlence, the term "ground rero™ will be used to designate the paint nq I
the ground direotly bemsath the polict of detonatiom, or "air zero".)

'E"' = L



Other buildinge, howsver, wers constructed far more strongly than is
required by normal bullding codes in Amsrica, to resist earthguakes.
Furthermore, construction regulations in Japan have specifisd since

the 1923 earthquake that the roof must safely carry a minimum load of
70 pounds per sguare foot whereas American requirements do not mormally
excesd 40 pounde per sguare foot for similar types. Though the regula-
tion was not mlways followed, this extra strong construction was en-
sountered in some of the bulldinge near ground gerc at Hiroshima, and
undoubtedly accounts for their abllity to withstand atomio bomb prea-
sures without structural fallures., WNearly 7 percent of the residential
units had been torn down to make firebreaks.

Hiroshima before the war was the seventh largest oity in
Japan, with a population of over 340,000, and was the principal admin=-
istrative and commercial center of the southwestern part of the country.
As the headquarters of the Second Army and of the Chugolu Regicnal Army,
it was cne of the most importsnt military command stations in Japan,
the site of one of the largeet mllitary supply depots, and the fore-
most military shipping point for both troops and supplies. Ite shipping
activitiss had virtually ceased by the time of the attack, however,
becauss of sinkings end the mining of tha Inland Sea. It had been
relatively unimportant industrially before the war, ranking enly
twelfth, but during the war new plente were bullt that inoreased its
significance. These factories were not concentrated, but spread over
the outskirts of the olty; this location, we shall see, accounts for
the elight industrial damage.

The impact of the atomle bomb shattered the normal fabrie
of community life and disrupted the organizations for hardling the
disaster. In the 30 percent of the population killed and the addition-
al 30 percent seriously injured were included corresponding proportlons
of the civic authorities and rescus groups. A mass flight from the city
tock place, as persons sought safety from the conflagration and a place
for shelter and food. %ithin 24 hours, however, people wers streaming
back by the thousands in search of relatives and friends and to deter-
mine the sxtent of their property loss. Hoad blocke had to be met up
along all routes leading inte the oity, to kesp curious and mmauthorized
people ocut. The bulk of the dehoudsd population found refuge in the
surrounding countryside; within the oclty the food supply was short and
shelter yirtually non-existent.

On August 7, the commander of the Ssoond Army assumed
general command of the counter-measures, and all military units and
facilities in the area were mobllized for rellef purposes. Army
bulldings on the periphery of the city provided shelter and smergency
hospital space, and dispersed Army supplies supplemented the slight
amounts of food and olothing that had esocaped destruotion. The need
far exceeded what ocould be made avallable, Surviving clvilians assisted;
although casualties in both groups had been heavy, 190 policemen and
over 2000 members of the Civillan Defense Corps reported for duty on

==
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T August.

The status of medical fmcilities and personnel dramatically

illustrates the difficulties facing authorities, Of more than 200
dootors in Hiroshima before the attack, over 90 percent were casualtise
and only about 30 phyaicians were able to perform their normal dutiea

a month after the raid. Out of 1,780 nurses, 1,654 were kllled or
injured. Though some stocks of supplles had been dispersed, many ware
destroyed.. Only three out of 45 civilian hospitals could be used, and
two large Army hoapltals wers rendered unusable., Those within 3,000
feet of ground pero wers totally destroyed, and the mortality rate of
the ccoupants was practioally 100 percent. Two large hospitals of
reinforced conorete oomstruction were located 4,900 feet from ground
gerc. The basle struotures remained erect but there was such severs
interlor damags that nelther was able to resume operation as a hoapital
for acmetime and the casualty rate was approximately 80 percent, due
primarily te falling plaster, flying glass, and fire. Hospitals and
elinics beyond 7,000 feet, though often remaining standing, were badly
damaged and comtained many casualties from flying glass or other
misniles.

With such elimination of faoilitiez and parsonnel, the lack
of oare and rescue activities at the time of the disaster is understande~
able; ‘gtill, the eyewliness mcoount of Father Siemes#® shows how this
lack of first ald contributed to the serlousness of casualtles. At the
improvised firat ald stations, he reporta:

"ssslodine is applied to the wounds but they are left uncleansed.
Nelther cintment nor other therapeutic agents are avallable.
Those that have been brought in are lald on the floor and no one
oan give them any further care. Whhat could one do when all means
are lacking? Among the passersby, there are many who are uninjur-
ed.” In a purpossless, insemsate manner, distraught by the magni-
tude of the disaster, moat of them rush by and none concelves the
thought of organizing help on hls own initlative. They are ocon-
oorned only with the welfsre of their own femilies=-in the
official aid stations and hospitals, a good third or half of
those that had been brought in died. They lay about there almost
without oare, and a very high percentage sudoumbed. BEverything '
was laocking, dootors, assistants, dressings, drugs, ete..." L
Effective medical help had to be sent in from the outside,
and arrived only after a oconsiderable delay.

Fire fighting and resous unlts were squally stripped of
men and equipment. Father Slemes reports that 30 hours elapsed before
any organized rescus parties were observed. In Elroshima, only 18
ploces of fire-fighting equipment were avallable for fighting the

* German-born Jesuit professor at Jochi University, Tokyo; in the
Hiroshima area when the bomb fell.



eonflagration, three of them borrowed., However, it is unlikely that
any public fire department in the world, even without damage to equip-
ment or casualties to perscnnel, could have preavented development of
a conflagration in Hiroshima, or combatted it with sucocess at more
than a few locations along its perimeter. The total fire damege would
not have been much different.

All utilities and transportatlon services were disrupted
over varylng lengthe of time. In most cases, however, the demand fell
off even more precipitously than the avallable supply, and where the
sorvice was needed it could be restored at a minimal level. Thus,
through rallroad service waas possible on 8 August, only two days after
the attack, when fire trucks still had to be used to pump water lnto
the locomntives because of insufficient water pressure. Elsctric
power from the general netweork was avallable in most of the surviving
parts of the city on 7 August, and only one plant, the Engineering
Division of Mitsubishi Eeavy Industries,.was hampered in its recovery
by the inability to obtain sufficient power for several weeks.

The water reservoir, whioh mas of reinforced conorets and
sarthooversd, was undamagad; it was nearly two miles from the blast
center, However, 70,000 breaks of pipe ocnnections in bulldings and
dwellings were caused by blast and fire effects. HNo subsurfmce pipes
ware orushed and no lescs resulted from blast as a direot cause, though
several leaks in underground mains resulted from falling debria.
Fressure in ths city center dropped to fero becaunse of the connectlon
breaks and the damage to a lé-inch and a lé-inch water main where they
crossed damaged bridges. Gix sewer pumping statlions were rendered
inoperable by fire and blast within a radius of one mile. The remain-
ing eight atatione were only 2lightly demaged, but no sffort was made
to repalr or operats them. Water tables ross a% flood perleds and
lands behind revetments were inundated.

Trolley cars, trucks, and rallroad rolllng stook suffered
extensive damags. Iransportation bulldings (offlces, stations, living
quarters, and a few warehouses) were damaged by fire in the passenger
station area, but damage was slight to the roundhouses, transit sheds,
warshouses, and repair unite in the oclassification and repair area.
About 200 rallroad employees were killed, but by 20 August, 14 days afber.
the attack, BO percent of the employees were at work.

The electrlo powsr transmission and distribution system
was wreacked; only power equipment of rugged constructiom, such as trans-
formera, resisted the blast and heat within the devastated areas. In-
struments were damaged bayond repair, and switches, switohyard insula-
tors, cablss, and copper bus work wers rendered unusabls. The tels-
phone system was approximately BO percent damaged, and no servioe was
restored wntil 16 August 1945. i

Industry in the center of the oity was effectively wiped
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out, Though small workshops numbered several thousand, they represented
only eme-fourth of the total industriesl production of Hiroshima, since
many of them had only one or two workers. The bulk of the clty's output
came from large plants located on the outskirts of the eity: one<half
of the industrial production ceme from only five firms. Of these

larger companies, only one suffered more than superficial demage. Of
their working force, 94 percent were uninjured, Since electrio power
was available, and materisls and working force were not destroyed,
plants ordinarly responsible for nearly three-fourths of Hiroshima's
industrial produstion could have resumed normal operation within 30
daye of the attaok had the war continued.

Immediately after the attack, the presence of these nearly
intact industries spurred counter-measures in an effort to retain feor
the nation's war effort the potential output of the clty. The prefec-
tural governor issued a proclamation on 7 August, calling for "a rehab-
1litation of the stricken clty and an aroused fighting spirit to exter-
ninnte the devilish Americans™. To prevent the spread of rumers and
brace morale, 210,000 out-of-town newspapers were brought in daily te
replace the destroyed local paper. With the surrendsr, howsver, recon-
struction took on a slower tempo. On 16 August, regular raticning was
resunad. Care of the injured and disposal of corpses remmined urgent,
but other stepe wara f aw,

By 1 November, the populatlon of Hiroshima was back to
137,000, The olty reguired complete rebullding. The entire heart,
the main administrative and commeroial as well as residential section,
was gone, In this area only about fifty bulldinge, all of reinforced
concretes, remainesd standing. All of these suffered blast damage and
all save about a dozen were almost completely gutted by Fire; only five
could be used without ma jor repairs. These burnt-out strustural [rames
rose impressively from the ashes of the burned over section where oooa-
slonal piles of rubble or twisted steel skeletons marked the location
of brick or stesl frame structures, At greater distances light steel
frame and brick structures remalned undamaged. Blast damage to wood
frame bulldings and to resldences extended well beyond the burned over
arsa, graduslly becoming more erratic and spotty as distances were
reached where only the weakest bulldings were damaged, until in the
outer portlons of the clty only minor disturbances of the tile reoofs
or breakage of glass were wisible. The offlcial Japansse figures summed
up the bullding destruction at 62,000 ocut of a total of 50,000 bulldinge
in the urban area, or 86%. An additional 6,000 or 6.6% were severely
damaged, and most of the others showed glass breakage or disturbance of
roof tile. These figures show the magnitude of the problem facling the
surrivors.

Despits the absenca of sanitation measures, no epidemics
are reported to have brokenout. In view of the lack of medical facil-
itles, muppliss and psrsonnel, and the disruption of the sanitary sys-
tem, the escape from epldemics may seem surprising. The sxperience of



other bombed cities in CGermany and Japan shows that this is not an
isolated casa. A possible explanation may lie in the disinfecting
goticn of ths extensive fires. In later weeks, diseass rabtes rose,
but not sharply.

e H;Eaunki-

Hagasaki 1s located on the best natural harbor of
western Kyushu, a spacious inlet in the mountainous coest. The clty
is a highly conpgested urban pattern extending for several miles al-
ong the narrow shores and up the valleys opening out from the harbor.
Two rivers, divided ty a mountain spur, form the two main valleys in
whose basing the e¢ity lies: the Urakemi River, in whose basin the
atomic bomb fell, running into the harber from a NNW direction, end
the Nakashima River, running from the NE., This mountain spur and the
irregular ley-out of the city effectively reduced the area of destr-
uction. =

The main residential and commercial districts are
intermingled in these two river basins. The large industrial plants
stretch up the west shore of the bay and up the Urakami Valley.

Though the metropolitan area of the city is officlally ebout 35 square
miles and.stretches far into the countryside, the heavily built-up
area is confined by the terrain to less than four square miles. The
greatest population density thus approximated £5,000 per square mile
even after the evecuations.

Despiie lte excellent harbor, Nagasaki's commercial
importance, though great in previous centuries, hsd declined in recent
years because of the city's isolated peninsular position and the dif-
ficulties ‘of transportation through the mountaina by inadeguate roads
and railroad facilities. As a naval base 1t had been supplanted by
Sasebo. Industry gradually increased in importance, primarily under
Mitsubishi influence. The four largest companies in the olity were the
M tgubishi Shipyards, Electrical Equipment Works, Arms Flant, and Stesl
fiorks, eaploying nearly 90 percent of the city's labor force. Admin-
istratively, Nagasaki was by 1941 of merely local lmportance desplte
belng the seat of the prefectural government.

Before the atomle bombing on § August, Hagasakl had
experienced five small-scale air attacks in the previous twelve months,
by an aggregate of 136 planes which dropped a total of 270 tone of high
explosive, 53 tone of ipcendiary, and 20 toms of fragmentation bombs.

Of these, a rald of 1 August 1945 was most effective,
with several bombes falling in the Mitsubishi Shipyards and Steel Works.
The scale of effeot can be roughly measured, however, by comparing the

toll of bullding damage with that from the atomic bombj in all theze

ralds 276 residential buildings and 21 industrial bulldings were des-
troyed or badly demaged. When the atomic bomb fell, Nagasaki was com-
paratively intaot.
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Bacanas tha moat intenas destruction was confined to the
Urakaml Valley, the lmpact of the bomb on the city as a whole was less
shattering than at Hiroshima, In addition, no fire astorm ccourred;
indeed, a shift in wind direction helped eontrol the firea, Medical
personnel and facilities were hard-hit, however, Over 80 percent of the
eity's hospltal beds and the Medical College were located within 3,000
fest of the center of the exploslen, and were completely destroyed.
Reinforced concrets bulldings within this range, though atanding, wars
ecompletely gutted by fire; bulldings of weooden sonstruction were des-
troyed by fire and blast. The mortality rate in this group of build-
ings was between 75 and 80 percent., Emact casualty figures for med-
ieal personnel are unknpwn, but the clty seems to have farsd better
than Biroshima: 120 dootora were at work on 1 November, about one-
half of the pre-rald roster, Casumaltlies ware undoubtedly highs 600
out of 850 medical students at the Nagasaki Medical Collete wers killed
and moat of ths others injured; and of the 20 faculty members 12 wers
killed and four others injured. .

Utilities and services were again dierupted. Both gas
plants were destroyed, and the replacement time was sstimated at ssveral
months, Though the basie water supply was not affected, thousands
of residential feeder-line breaks were supplemented by eight breaks
on & fourteen-inch mein 1line and four breaks where another main line
crossed a bridge, Electrle power distribution and transeission systems
wers effectively destroyed in the area of heaviest destruction, but
powsr could be supplied to the other parts of the city almost immediately.

Shipping was virtually unaffected. Trolley servics was
halted both by the interruption in power supply and by damage to strest
cars., HNagasaki is at the end of & railrcad spur line, The major dam-
age was pustained by track and railroad bridges. The rails buckled in-
termittently for a distance of 5,000 to 7,500 feet from ground zero,
at polnts where burning debris set fire to wooden cross tles. Thres
bridges were displaced; rails wers distorted amd the tracke had to be
ocmplately rebuilt. The rallroad stations were completely destroyed
by blast and fire and the electric signal system was seversly damaged.
Rolling stock wae slightly damaged, primarily by fire. Although the .
damage to equipment was not extensive, it was severe enocugh to curtall
traffic for 48 houre, during which time sufficlent emergency repair -
work was performed to permit resumption of limited traffle.

Control of relief measures was in the hands of the Prefecturs.
The sequencs  of clearance and repair activities illustrates the
activities that were ecarrisd on.

The aity's repair facilities wers completely discrganized
br the atomic bowmb, eo that with the single exception of shutting off
water to the affected areas no repairs wera made to roads, bridges,
water mains, or transportatiocn inatallations by elty forces. The pre-
feeture tock full responsibllity for such restoration es was accomplished,
I_:_f‘:‘i;‘
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delegating to the seattered olty help the task of assisting in rellef
of victims. There were only three survivors of 115 employees of the
street oar company, and late as the middle of November 19465 no oare
were rumning. & week after the explosion, the water works officlals
made an affort to supply water to persons mttempting to live in the
bombad out areas, but the leakage was sc great that the effort was
abandomed, It fell to the prefeature, therefore, to institute recov-
ery measures even in those streets normally the responsibllity of the
city. Of the entire public works constructicn group covering the
Nagasaki City area, only three members appeared for work and a woek was
required to looate and notify other survivers. On the mornlng of 10
August, pelice resous units and workers from the Fawami-nami shipbuild-
ing works began the imperative task of clearing the Omura-Nagasakl
plke, which was impassables for 8,000 fest. A path 6% feet wids was
oleared despite the intense heat from smouldering fires, and by Auguet
15 had besn widened to permit two-way traffis. No trucks, only rakes
and shovels, were avallable for clearing the streets, which were flllad
with tile, bricks, stons, corrugated iron, machinery, plaster, and
stusco. Street areas affected by blast and not by fire were littared
with wood. Throughout the devastated ares, all wounded had to ba
earried by stretcher, elnoe no motor vehioles were able to procesd
through the oluttsred strests for several days. The plan for debris
removal .required clearance of a few streets leading to the main high-
way] but there were frequent delays ocaused by the heat of smouldering
fires and by ocalls for relief work. The debris was simply raked and
shoveled off the strests. By 20 August the job was consldered complate.
The streste were not materially damaged by the bomb nor were the sur-
face or the abutments of the comcrete bridges, but many of the woodan
bridges ware totally or partially destroyed by fire.

Under the ciroumstances =- fire, flight of entire famillies,
destruction of official records, mass oremation--identifioation of dead
and the acourats ecunt of casualties was impossible. As at Hircshima,
the seasocn of the year made rapld disposal of bodies imparmtive, and
mans oremation and mass burial were resorted to in the daye immesdiately
after the attack. Desplte thes abzence of sanitary measures, no epi-
demios broke out here. The dysentery rate rose from 25/100,000 to
126/100,000, A census taken on 1 November 1945 found a population of
142,700 in ths olty.

At Nagasaki, the scale of destruction was greater than at
Hiroshima, though the mctual area destroyed was smaller because of thes
terrain and the polnt of fall of the bomb. The Nagasakl PrufuuturllE{
Report desoribes viridly the impress of the bomb on the city and 1te
inhabitante:

"Within a radius of one kilometer from ground zero, men and animals
died almost instantaneocusly from the tremendous blast pressure and heat;
houses and other structures wers smmshed, crushed and soattered; and
fires broke out, The strong complax stesl members of the structures of



the Mitsublshi Steel Works were bent and twisted like jelly and the
roofs of the reinforced concrete National Schools were crumpled and
collapsed, indicating a force beyond imagination. Trees of all sizes
lost thelr branches or were uprooted or broken off at the trunk.

"Outside a radius of one kilometer and within a radius of two
kilometers from ground tero, some men and animals died instantly from
the great blast and heat, but the great majority were ssriously or
superficially injured. Enunan and other structures were completealy
destroyed while fires broke out everywhere. Tress were uprooted and
withered by the heat.

"Outside a radiuves of two kdlometers and within a radius of four
kilometers from ground gero men and animals suffered varlous degrees
of injury from window glass and other fragments scattered about by the
blast and many were burned by the intense heat. Dwelling and other
structures were halfl damaged by blast.

foutslide a radius of four kllomsters and within a radius of elight
kilometers from ground zero living ocreatureswers injured by materials
blomn about by the blast; the majority were nnly supaerficially wounded.
Houses were half or only partially damaged.”

Whils the conflagration with 1ts uniformly burnt out area
oaught the attentlon at Hiroshima, the blast effects, with thelr res.m-
blance to the aftermath of a hurrlcane, were most strilking at Nagasakl.
Conorete buildings had their sides facing the blast stove in like boxes,
Long lines of stesl framed factory sheds, over a mile from pound zero,
leaned their skeletons away from the explosion. Blast reslstant objects
like telephone polas leaned away from the center of the expleosion; on
the surrounding hills trees mere blomn down within comsiderable areas,
Although there was no general conflagration, fires contributed te the
total damage in nearly all concretes structures. Evidenos of primary
fire is more frequent than at Hiroahima,

Boomuse parts of the clty were protected by hilles, more
than one-half of the residential units escaped serious damage. Of the
52,000 reaidential units in the clity on 1 August, 14,148 or 27.2 per- °
cent were completely destroyed (by Japanese count) [11,&94 of theas
were - burned ); 6,441 or 10,5 percent were half-burned or destroyed;
many of the remaining units suffered superficid or minor damage. In
558 non-residential bulldings in the bullt-up area of NHagasakl whioh the
Survey studied, almoat B0 percent of the usable floor area was destroyed
or strunturnlly dsmaged. Only 12 percent was undamaged, the rest sufl-
fering superficial or minor damage.

The survival of a higher percentags of the bulldings, then,
distingulshes Nagasald from Hiroshlma; sc also, on the other hand, does
the damage to factories. In Nagasaki, only the Mitsubishi Dookyards
among the major industriess was remote encugh from the axplosion to



escape serious damagm. The other three Mitsublehi flrms, which weras
respongible topsther with the dookyards for over 50 percent of the
industrial output of the oity, were seriously damaged. The Arma Plant
and the Stesl Works were in the main area of damage. FPlant officials
ostimated that 68 percent of the walue of the former and 78 percent

of the wvalue of tha lattar were destroyed: Survey investipgators
considersd the two plants to be 50 percent destroyed. The Mitsubishl
Electrlc Works wers on the edge of the maln erea of destruction, but
suffered 10 peroent structural damage.

One or two paragraphs from the report of the commanding officer
of Sasebo Naval District will illustrate the sort of damage done to
industrial installations. Of two plante of the ditsublshi Arms works,
ke reporte:

"With the exception of the tunnel workshops and the half-
underground workshops, the Ohashl and Morl Machi Plants were
completely destroyed by collapae. .Relnforced concrete structures
in these plants were severely demaged internally - ceilings
collapsed, fittings of all sorts were deatroyed, and equipment
whe damaged. Casting and forging shops in the Chashi Flant were
destroyed by fire, which broke out in those structures. The Mori
Machi FPlant was nenrly completely destroyed by firs, Taking both
plants together, 60% of the machinery installations was damaged.
In the Chashi Plant, from 80 to 90% of the machinery can be used
againg in the Morl Machl Flant only 40 to 50% of the machinery
can be used in the future.”

Or of the Mitsubishl Steel fiorks:

"Plant structures hare (some morth-1light steal framed
structures) suffered extensive damage to roofs ond walls as
steesl plates wers blown off. The frames themselves were bent,
twisted, or toppled over, and several bulldings caught firs.
Hardly any of the machlnery in the plant can be used again in
its present condition. However, nearly 70#% of the machinery-
can be repaired.”

In general, (aes has proved true with high explosive or incendiary
bombs aleo), the damage to machinery and other contents of a factory
was less than demage to the bulldings. In additlon, the air burst of
the atomlo bomb meant that it acted indirectly on machine tocls and
other bullding contents. Thuugh e few tools were blown over by blast,
almoet all the serious damage was caused by debris from demaged build-
inge, overturnlng through mass movement of bulldings, or burning of
bulldings.

Thus the extent and sort of damages to machinery depended on the
gonstruction of the buildings housing them, In wood frome buildings,
85 percent of the machines were seriously damaged, but in reinflorced



aoncrete or stesl framed buildings only ocne-third or onme-fourkh of the
machines were affected seriously. As would be expected, fire caused
much damage to machines in timber framed shops (practlically all of
which were destroyed up to 7,000 feet from ground zero) and some
damage in other types of structure. Debris was a major cause of
damage only in certain reinforced concrete bulldings, where wallas and
roofs collapaed,

Shortage of raw materials had reduced operations at these four
Mitsubishi plents to a fraction of their cepacity. BHad the raw mat-
erinl situation been normal and had the war continued, it ls estlmated
that restoration of production would have been possible though slow,
The dockyard, which was affected mainly by the 1 August attack rather
than by the atomic bomb, would have been able to produce at B0 percent
of full eapaoity within three or four months, The steel works would
have reguired a year to get into substantial production, the elsctric
works could have resumed production at a reduced rate within two months
and been back at capacity within six monthe, and the arms plants would
have required 15 months to reach two-thirds of their former capacity.



Bs GENRFAL EFFECTS
1. Casualtias

The most ‘striking result of the atomic bombs was the great number
of casualtiss. Tho exact number of dead and injursad will navsr ba known
bacause of the confusion alfter the axploslons. FPersons unaccounted for
might have besn burned bsyond resognition in the falling bulldines, dis-
posed of in one of the mass crematlons of the first week of recovery, or
driven out of the city to dis or recover withovt any record remalning.
ko gura gourt of even tha pre-raid populeations existed. Because of the
declins in activity in ths two port cities, the constant threat of in-
candiary ralds, and the formal avaocuation programs of ths government, an
unknown numbar of the inhabitants had elther drifted away from tha cities
or been removed According to plan. In this uncartain situvation, estima-
tas of casualtliss hevs zenerally ranged batwesn 100,000 and 180,000 for
Hiroshima, and botwesn 50,000 apd 100,000 for Nagasaki. The Survey be-
lievas the dead at Hiroshima to have been, botwesn 70,000 and 80,000, with
an egual number injurad; at Nagasaki over 35,000 dead and somewhat more
than that injured seem the most plausible estimata.

Most of the immadiate casualties did not differ from those caused
by incendiary or high explosive ralds. The cutstanding diffarence was
the prasmce of radiation effects, which became unmistakable about a waesk
after the bombing. At the time of impact, however, the causes of death
and injury were flash burns, secondary effects of blast and falling debris,
and burns from blazing bulldings. No records are avallable that give the
relative importance of the various types of injury, espsclally for those
who disd immsdiately after the explosion. Indeed, many of these pecple
undoubtedly died several times over, thesorstically, since each was sub-
Jected to sevaral injurles any one of which would have been fatal. The
Hiroshima prefectural health department placed the propertion of dsathe
from burns (flash or flame) at 60 parcent, from falling debris at 30
percant and from other injurles at 10 parcent; it is generally agreed
that burns caused at least 50 percent of the initial casualties. Of those
who died later, an increasing proportion s ueccumbed to radiation effects.

The s:riousness of these radiation effects may be measurad by the
fact that 30 parcont of the traced survivors of the immediate explesion
who ware within 3,000 fest suffered from radiation dissase. Colonel
Stafford farren, in his tastimony bafore the Senate Committes on Atormic
Energy, Sstimated that radiatior was responsible for 7 to 8 pesrcent of
tha total deaths in the two cities. Most medical inwvastigators who spant
somes tims 1n the arsas feel that this ostimate is far too low; it is
gmerally felt that no lass than 156 to 20 percent of the deaths were
from radlation. In addition, there were an equal numbar who were casual-
ties but survived, as well as uncounted thousands who probably wers af-
fected by the gamma rays but notenough to produce definite illness.

A plausible estimate of the importanca of the varlous causes of
dsath would range as follows:
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Flash burns 20 o 30 per ocent
Other injuries 60 to 60 par coent
Radiation Sleknaess 16 te 20 per cent

If we examine the nature of the casualties under each group of causes
we find familiar and unfamiliar sffects.

Flash burna.

The flash of the explosion, which was extremely brisf, smitted ra-
diant heat travelling at the speed of light. Fh sh burns thus followed
the explosion instantanecusly. The fact that relatively few victims
suffered bums of the eyeballs should not be interprated as an indication
that ths radiant heat followad the flash, or that time was required to
build up to maximum heat intemsity. The explanation is aieply that the
struoture of the aye is more reslstant to heat than is avorage human skin,
and near gpround zerc the recesssd position of the ayeball offered pro-
taction from the overhead exploaion., Peak temperatures lasted enly mom-
sntarily.

Survivors in the two o itles statad that pesople Who were in the open
direetly under the explosion of the bomb ware so severely burned that
the skin wasz charred dark bromm or black and that they disd within a fow
minutes or hours.

Among the survivers, the burnad arsas of the skin showed evidence
of burns almoat immediately after the explosion. At first thers was mark-
ad radness, and other evidenee of thermal burns appeared within ths next
few minutes or houra, depending on the degree of the burn. Uninfected
burns healed promptly without any ymusual eclinical features, accerding
to the Japaness physioians who attendsd thecases, Amsrican msdical ob-
sarvars noted only a tendenecy to formation of axcess acar tiasue, which
could be satisfactorily explained as the result of malnutritior and the
largs degree of secondary infsction that complicated healing of ths burns.
Thare wara also & few instances of burns hasaling with contractures and
limitation of the mobllity of certain jeints, such as the elbowe or lmees.
In many instanoes, thess primary burna of miner nature were complately
haalead bafors patients developed evidence of radiation effects.

Bacauss of the brisf duration of the flash waves and the shilelding
effects of almost any objects -- leaves and clothing as well as bulldlngs-
there were many interesting cases of protection. Themdiant heat came
in a direct line like light, so that the arsa burnsd corresponded to thia
directad exposurs. PFersons whoss sides ware t oward the explosion often
showad definite burns of both sides of the back while the hollow of the
back escaped, PFeocple in bulldings or houses ware apparently burned only
if directly sxposed through the windows. Ths most striking instance was
thatof a man writing bsfore a window. His hands were seriocusly burned
but hls exposed face and neck suffered only slight burnz due to the angle
of sntry of the radiant heat through the wlndow.
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Flash burns were largaly confined to sxposed arsas of the body, but
on osgAsion would oecur throuch warying thlclmesses of elothing. Ganer-
ally spsaking, the thloker the slothing the more liksly it was to glve
comzlats protection against flash burns. Cne woman was burned ovar the
shouldar sxcept for a T-shaped area a bout one=-fourth inch in breadth; the
T-shaped area corresponded to an increassd thickneas of the clothing from
tha seam of the parmant. Other people ware burned throough & sinpls thick-
naas of kimono but were unscathed or only liphtly affectad undarr=ath the
lapsl. In other instances, skin was burned bensath tightly fitting cloth-
inFp but was unburned beneath locssely fitting portions. Finally, white or
light eolors raflactad heat and affordad some protection; pecple wearing
black or dark-colored elothing were more likely te be burnad.

Uthar Injurles

Bacause of the combination of factore at the area near the center of
tha exploslon, the casualty affscts of blast are hard to single out. If
it is remsmbered that even directly under the sxplosion people were sev-
aral hundred [eet away from the air-burst, it will be easier to vndor-
stand why true blast affects were relatively rara. OUnly toward the peri-
phery of the affected rone was the blast effect lateral and likely to
throw posople violently against bulldings, and at the periphery tha inten-
sity of the blast had fallen off sharply. Comparatively few lnstances
ware reportsd of arms or lage belpng torn from the body by flying dabris.
Another indication of the rarity of over-pressure 1s the scareity of
runtured sardrums. Among 108 vioctims examinad by the Japansse in Hireshima
on 11 and 12 August, only threas showsd ruptured sardrums; a study done
in October at the Omura hospital near Nagasaki revealed that only two of
892 cases had ruptured eardrums. Only at Nacrasaki wars there reports of
over=pressure in the stock wave. Some of the dead wera sald by survivors
te have had their abdomsns ruptured and intestines protruding: othors wera
raported to have protruding eyes and tongues, and to have looked as if
they had drowned. Thorough check by Allied investipators discredited
thess stories as evidence of dlrect blast effects; the normal eflects of
blast ars intsmal hemorrhege and crushing. These external signs point to
injuries from debris rathar than blast, :

Injuries produced by falling and flying debris were much more num-
erous, and naturally inecreased in number and seriousness nearer the center
of the affected area. The collapse of the bulldings was sudden, so that
thousands of people were pinned beneath the debris. Many wers able to
extricate themselves or recelived ald in eszcaping, but largs numbers suc-
cumbed elther to their injuries or to fire before they could be extricatad.
The flimsiness of Japanese residential construction should not be allowed
to obscure the dangers of collapse; though the walls and partitions ware
light, the houses had heavy roof timbers and heawy roof tiles. Flying
glass from panels alsc caused a large number of casualties, svan up to
15,000 fest from ground rero.

The number of burns from secondary llires was slight ameng survivers,
but it was probable that a large number of the deaths in both cities cams
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from tha burning of people caught in buildings. Eyewitness accounts ogree
that many fatalitieg ccourred in this way, either imzedistely or es & re-
gult of the lack of care for those who did extricate themselves with sar-
ious burns, There are ro references, however, to people in the streeta
succurbing either to heat or to carbon monoxide es they did in Tokyo or

in Hamburg, GCermany. A few burns resulted from clothing set aflre by the
flash wave, but in most cases people were able to beat ocut such fires
without sericus injury to the sldn,

tion Diseasa

The radiation effects upon survivora resulted.from the gamma rays
liberated by the fission process rather than from induced radioc-activity
or the lingering redioc-activity of deposite of primary fission preducts,
Both at Hagasali and at Hiroshime, pockets of radioc-activity have been
detected whare fisaion products wers directly deposited, but the degree
of activity in thzse arees was insufficient to produce casualties., Simi-
larly, induced radioc-activity from the interaction of neutrons with matter
caused no authentlcated fatalities, But the effects of gamma rays =--
here used in a general sense to include all penetrating high-freaquency
radiations and neutrons that caused ‘injury-- are well established, even
though the Allies hod no observers in the affected areas for several weaks
after the explosiona.

Our understanding of radiatdon casualties is not complets, In part
the deficiency 1s in our basic lmowledge of how radiation affects animal
tisgue, In the words of Dr. Robert Stome of the Manhattan Project, "The
fundamental mechanism of the action of radlation on living tissues has
not been understood. All methods of treatment have therefore been sym-
ptomatie rather than specifie, For this reason, studies inte the funda-
rentel nature of the action of rediation have been carried on to some ex-
tent, the limitation being that it was unlikely that significant results
could be obtained during the period of war.”

Aocording to the Japanese, those indlvliduals very nsar the center of
the explosion but not affected by flash burna or secondary injuries became
111 within two or three days. Bleody diarrhea followed, and the victims
expired, some within two to three days after the onset and the majority
within a week, Autopsiss showed remarkable changes in the blood pleture--
almost complete absence of white blood cells, and deterioration of bone
marrow, lficous membranss of the throat, lungs, stomach, and intestines
showed acute inflammation,

The majority of the radiatlon cases, who were at greater distances,
did not show severe symptoms untll one to four weeks after the explosion,
though many felt weak and listlese on the following day. After a day or
two of mlld nausea and vomlting, the appetite improved and the person felt
gquite well until symptoms reappeared at a later date, In the cpinion of
sone Japanese physicians, those who rested or subjected themselwes to less
physical exertion showed a longer delay before the cnset of subsequent
symptoms. The first signs of recurrence were losa of appetite, lasaitude,
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and general discomfort. Inflammation of the gums, mouth, and pharymx
appeared next, Within 12 to 4B hours, fever became evident, In many
instances it reached only 100° Fahrenheit and remained for only a few
days. In other cases, the temperaturs went as high as 104° or 106°
Fahrenhait, The deagres of fever apparently had a direct relation to the
degrea of exposure to radiation. Once developed, the fever was usually
wall sustalned, and in thoss cases terminating fatally it continued high
until the end. If the fever subsided, the patlent usually showed a
rapld disappearanca of other symptoms and scon regained his feeling of
good health, The other symptoms commonly seen were shortage of white
sorpuscles, loss of hair, inflammation and gangrene of the gums, in-
flammation of the meuth and pharynx, uleeration of the lower gastro-
intestinal tract, small 1ivid spots (petechias)resulting frem escaps of
blood into the tisstes of the skin or mucous membrans, and larger
hemorrhages of gums, nose and skin,

Loss of hair usually began about two weeks after the bomb exploslon,
though in a few instances it is reported to have begun as early as four
to five days afterwards, The areas weres involved in the followlng order,
with variations depending cn ths degres of expcsurei scalp, armpits,
beard, puble reglen, and eyebrows, Complete baldness was rare. Micro-
scople etudy of the body areas involved has shown atrophy of the halr
follicles, In those patients who survived after two months, however, the
hair has commenced to regrow. An interesting but unconfirmed repcrt has
it that. loss of the hair was less marked in persons with grey hair than
in those with dark hair,

A decreass in the number of white blood corpuscles in the elrounlat-
ing blocd appears to have besn a constant accompaniment of radiation
disease, even existing in some milder cases without other radiation effects.
The degras of lsukopenia was probably the most accurate index of the am-
ount of radiation a person received. The normal white blood count averages
5,000 to 7,000: leukopenia is indicated by a count of 4,000 or lesa, The
white blood count in the more msvere cases rangesd from 1,500 teo 0, with
almoat entire disappearance of the bone marrow. The modsrately savers
cases showed evidence of degeneration of bone marrow and total white blood
counts of 1,500 to 3,000, The milder cases showed white blood counts of
3,000 to 4,000 with more minor degeneration changes in the bone marrow.

Tos changes in the system for forming red blooed corpuscles developed
later, but were equally sesvers. :

Radiation clearly affectsd reproduction, thopgh the extent has not
been determined. Sterility bas been a common finding throughout Japan,
especlally under the eonditions of the last two years, but there are signs
of an increase in ths FAircehima and Nagasaki areas to be attributed to
the radiation. Sperm counts done in Hiroshima under American supervision
revealed low sperm counts or complete aspermia for as long as three months
afterwards in males who were within 5,000 fest of the center of the ex-
plosion. Cases dylng of radiation dissass showed clear &ffects on spsrma-
togenssis. Study of sections of cvaries from actopeied radiation victims
has not yet been ecompleted. The effects of the bomb on pregnant women
are marked, however. Of women in wvarious stages of pregnancy who were



within 3,000 feet of ground zero, all known cases have had mis-
carriageas, Even up to 6,500 feet they have had miscerriages or pre-
mature infants who died shortly after birth, In the group between
6,500 feet and 10,000 feet, sbout one-third have given birth teo
apparently normal children., Two months after the exploslon, the city's
total incidence of miscarriages, abortions, and prematurs births was

27 per cent as compersd with a normal rate of & per cent. Since cther
factors than radistion contributed to this increased rate, a period

of years will be required to learn the ultimate effects of mass
radietion. upon reproduction.

Treatment of victims by the Japanese was limited by the lack of
medical supplies and facilities, Their therapy conaisted of small
amounts of vitemins, liver extract, and en occasional blood trans-
fusion, Allied doctors used penicillin and plasme with beneficial
effects, ILiver extract seemed to benefit the few patients on whonm
it was used: it was given in small frequent doses when available.

A large percentage of the cases dled of secondary disease, such as
septic bronchopneumonia or tubsrculcsis, as a result of lowered
resistance, Deaths from rediation began ebout a wesk after exposure
and renched a peak in three to four weeks, They had practically
ceased to ocour after sewven to eight weels,

Unfortunately, no exact definition of the killing power of
radiation can yet be given, nor a satisfectory account of the aort and
thiclmess of concrete or earth that will shisld people, From the
definitive report of the Joint Commission will come more nearly
accurate statements on these matters. In the meanvhile the awesome
lethal effects of the atomic bomb and the insidious additional peril
of the gamma rays speak for themselves,

Thetfe is reason to believe that if the effects of blast and fire
had been entirely absent from the bombing, the number of deaths among
people within a radius of ons-half mile from ground zero would have
besn almost as great as the actual figures and the deatha among those
within one mlile would have been only slightly less, The principal
difference would have been in the time of the deaths. Instead of '
being killed outright as were most of these wictims, they would have .
survived for a few days or even threz or four weasks, only to die
eventually cf radistion disease,



The=se svppositiona have wital importanca, for actually in Nagasaki
and Hiroshima many people whow sre protsctsd by structures against blast
and firs wers not protected against the effect of pamma rays. Thes com-
plexity of the problem of shaltar protection has basn incrsasad by this
necassity of shielding agpainst radiant heat and gemma rays. Feortunatasly,
sarth and concrete will shleld againat gamma rays, the required thickness
varylng with the intansity of the rays.

The slow and inadequate trsatment of vlotims by the Japaness pro-
bably contributed to the high casuelty rates. DMany parsons could un-
doubtadly have beon saved had facilities, supplies &nd personnel been
available immediataly after the bombings. Frobably the numbsr of dsaths
from the true blast effects, flame burns, or serlouvs injuries from eoll-
apsing structures would not havs been altared appreciably; gansrally
spaaking, thess caszes elthar were killed outright or elsa survived.

Yany of tha flash burn ceses could havs basen saved with tremandous quan-
titioz of plasma and parsntaral fluids if tresatmsnt could have begun with-
in & few hcurs after the bombing. Frobably the most significant results
could hawe beon achievad with tha radiation cases., With large quantities
of whole blood and adequate supportive treatment, possibly 10to 20 per-
eant of thosa dyving of radiation might have survived. However, it is
doubtful that 10 parcant of all ths deaths resulting from the atomie

bombas could have besn aveided with the best medical care. A more likely
figure ia 5 to B8 parcent.
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hs night be expected, the =rimnry reaction tn tha bonb ves fear --
uncontrolled terror, strengthened by the shear horror of the dectruction
sand sufferings witnessed end experienced by the survivors. Fetween cne-
knlf and twe-thirds of those interviewed in the Hiroshirn and Tpgreaki
arers confaseed hrving such renctisns, nrot lust Tor the ponment but far
some time. As two survivors put it:

"Yhenevar a nplene was sean after thrt, peonle wvould rush inte their
ghelters: they went in snd out eo much thet theyr did not hove tine to
eat. They were so nervous they could not work."

Bafter the atonle bomb fell, I just couldn't stay home, I would
enok, tut vhile cooking I wvould plways be wstching sut and worrring
vhether an ptonlc bonb vould fall near pﬂ.“

The behavior of the living inmedintely nfier the banbings, re des-
eribed errlier, clearly showe the stete of shock that hindered rescue
efforts. & Fegnseki survivor illustrertes succinctly the mood of survi-
vorsi

A1l I e~w was a flash en? I folt m* body get warn rnd then I saw
everything flring saround. Iy grandmother wor kit on the head by o fly-
ing nlece of roof »nl rhe was bleeding . . . I become hystericel seeing

iy grandmother bleeding end we jJust ren eround witheut knowing what to
do "

"I wne working at the office., I wrs tnlking to m friend at the
vindow. I saw the whole city in e red flams, then I ducked. The pleces
of the glass hit my back and fece. Ky dress wvre torn off br the gipun.
Then I rot up and ren to the mountain where the good shelter waas,"

The two typleal impulees were those: ainless, even hyaterlenl nctivity,
or flight from the citr to ehelter nnd food.

The mecentunted effect of these bonba came no: only from the sur-
prise rnd thelr crushing power, btut rlso from the feeling of mecurity
soong the inhebltants of the two cities before the attacke, Thouzh
ﬂtgrlaki hzd undergone five rel’s in the *rariﬁun yaoar, ther had not
bteen heavy, and Hiroshira had gone sloost untouched until the morning
of & huguet 1945, In both cities meny neople felt that ther would be
spered, And the various rumors in circulrtion supnorting such feeling
covered a wide range of wilshful thoughts. There were no many Christiens

* AU.3,50.5, lNorsle division term interviewed m eclentificslly se-
lected sammle of sloost 250 persons: 178 fron Firoshima end Yeg-saki
citles, And 120 fron the imnedintelr surrouniing eresms, The seme stund-
ard questlons were put to these peonle rnd ainilsr groups in represen-

tative Japaneses clties.
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there, many Japensde-Anericnns cene fron Firoshima, the city wes a
famuun beauty spot —-these and other even more fantaastlc reasons en-

couraged hopes. Other people felt veguely that their city was belng
gsaved for "something big", however.

Such a shattering event could not fail to hove ite iopect on people's
vays of thinking. Study of the patterns of belief rbout the wer, before
and after the bombing, show this chenge clearly. Frior to the dropping
of the atomic bomba, the people of the two target citlies sppear to heve
had fever misgivings mbout the war than people in othe- clities.

Rasponses to sct oguestlions indicate tket smong Japanese civillans prior
to 1 July 1945

524 in the Hiroshima-Fagesakl nrers
but

744 in the other urban srens
entertained doubts about a.anPnﬂae Victory;

31 in Hiroshimn-Yegasnpli
but

1T§ in other urbprn Araas
felt certaln that victory for Jepan was lmpossible;

129 in Flrashims-Nagsaalkl
oot

34% in other urbon areas
had reached s moint where they felt uneble to contlnue the war.

Further,

284 of the peonle of Japan as & whole snid they had never reached
& point whers they felt they could not go on with the war
whereas

29% of the people in the Hiroshima-Nagasakl areas said they had
never reachad such a point,

These figures clenrly suggest thrt the will to resist had indeed been
higher in the "atonlc bomb cities" than in Japan as a whole.

There is no doubt that the bond wns the most important influence
among the people of these aress in paldng them think that defeat wos
inevitable. An ndditlonsl twenty-elght percent stated that after the
atomie bomb was dropped they became convinced that victory for Japan
wos imposaible, Almoest one=fourth sdrmitted that becsuse of the boobing
they felt peraonally unrble to enrry on. Forty perceont testified to
warlous degrees of defeatism induced by the atomic bomb., Significantly,
certainty of defeat was much more prevalent at Hiroshima, where the area
of devastation snd the casusltles were greater, than st H&gEBEhi

Iypical commente of survivors wers:

RIf the enerr has this type of bomb, everyone 1a golng to dle, and
we wish the war would burry and finish."



"I 2id not expect that it wra that powerful. I thought we have
no defense against such a bombh."

0ne of my children w-s killed b~ it, rnd I didn't crre what hap-
pened after that."

Other reactinnas vere found. In wiew of thair exneriences, it is
not remerkable that some of the survivere (nearly one-fifth) heted the
Americans for using the bomb or expressed their anger in much terms rs
"cruel", "inhumen", and "barbarous".

", . thay reslly desnlss the Americnrns for it, the neonle pll eny
thet AT there are sulh things es ghosta, vhy 4on't they heunt the
Americonal®

Pithen I saw the injured and killed, I felt bitter agninst the
enemy."

"After the ntomic bomb exoloded, I felt that now I muat go to work
in a sanitions plent. . . My sop= told me that they vouldn't for-
get the atomle booh even when they grow un."

The reaction of hete and anger 1s not surprising, end 1t is likely
that in fect it vwas » nore extensive sentiment then the figures indicste,
since unguestionahly mrny respondents, out of fear or politeness, did
not reveal their sentlcents with comlete candor. Desvite this factor,
the freouency of hostile sentinents eeems low. Two mer cont of the
respondants even volunteered the observatlion thrt they Al2 not blame
the U.5. for using the bomb. Therr is evidence that souwc hostility wvas
turned sagninet their own povernment, either befors or after the surren-
der, although only a fow snid theyr vondered why their naotion could not
have mnde the bonb. In moanyr instsnces the resction wes simply one of
resignaticn. A cormon courent was, "Since it was war, it was Just

Shikata-es-noi (Too bed)."

Admiration for the bomb wans more freouently expressed than rnger.
Over one-fourth of the veople in the target clties #nd surrounding nrer
8ald they were impressed by its power and by the scientific akill whie
underlay its discovery an® production. A

Of greater significonce are the resctlon of the Japanese neople as
e whole, The tvo reids were all-Tepsn events an! were Intended so:
the Allied povers were trring to break the fighting splrit of the Japan-
ese people and their lesders, not just of the resldents of Eiroshins
ond ¥agaselkl, Virtudly all the Japanesa peovle had a2 chance to react to
the bomb, though the news hed not renched to full spread at the time of
the surrender. By the time the interviewing wes done, only about two
per cent of the populntion in rursl sressand one ver cent in the cltles
had not henrd of the bomb.



The reacticns found in the bombed cltiss appeared in the country
a8 A whole == fear and terror, anger and hatred against the users,
admiration for the scientifio amchievemsnt -- though in each case with
less intensity. The effect of the bomb on attitudes toward the war
in Japan as & whole was, howsver, much less marked than in the target
citiss., While 40% of the latter respondsnts reported defeatist feel-
ings induced by the bomb, 28% of those in the lslands as = whole atkri=
buted such reactions to the news of the bomb. There are at least three
possible explanations of this difference. First, the level of confi-
donce was quite low in Japan well before the time of the mtomic bombing.
Prior to 1 July 1945 doubts about a Jepanese victory wers felt by 74
per cent of the n- mlation. By the same data 47 per cent had become
cortain that a Japaness viotory was impossible, and 34 per cent felt
that they could not go on with the war. Under these circumstances, the
announcement of & new and devastating weapon was merely an addition to
the already eloquent evidence of national wealmess, Seocond, the reac-
tion of thoss at some distance from the target cltles seems to have
besn blunted by their direct experience with other sorts of miefortunes
and hardships, the common phencmenon of psychological distance inoreas-
ing with geographical distance. In Japan as a whole, for axampla,
military loseses and failures, such as those at Saipan, the Fhillippines,
and Okinawa, were twice as important as this atomie bomb in inducing
certainty of defeat, Other raide over Japen ms a whole were more than
three times as important in this respeot. Comsumer deprivatlons, such
as food shortages and the attendant malnutrition, were also more impor=
tant in bringing people to the point where they felt they could not go
on with the war,

Third, the lack of underatanding of the meaning of the new weapon
in areas away from the target undoubtedly limited its demoralising
affect. As distance from the target citles inoreased, the effectiveness
of the bombs in causing certainty of defeat deolined progressively:

Group of Citles % of Populatlon certain of

defeat because of Atomio Bomb
Elroshima = Hagasaki 250
Citles nearest to target

oltles. 23%
Cities near to target cltles. 15%
Cities far from target oltles. B

Citles farthest from target
oltiesn. 64

Only in the nearest group of olties, within forty miles of Hiroshima
or Fagasaki, was there a substantial effect on morals. Were the chan-
nels of mass communication as readily available to all the population
as they are in the U,S. and had the use of the bomb recelived anything
1ike the intensive coverage it had here, the offect on continued sup-
port of the war would probably have besn greater. GSomething approaching
such lmowledge, of oourse, probably would have spread rather widely had
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the war sontinued many more weeks, whether sanctioned by the censors
or spread by the ever-active rumor channsls so commen in the country.

It 15 apparent that the effect of the atomlc bombings ba the
conlldence of the Japanese civilian populatlion was remarkmbly local-
ized. Outside of the target citles, it was subordinate to other de-
moralizing experiences. The sffect which it did have was probably
dus largely to the numbsr of casualties and the nature of the injuries
received. These consequences were in part the result of surpriee and
the vulnerability of the raid defense system. Froperly enforced war-
nings, precautlons, and an emsrgenoy ocare organization of the scale of
the bomb's effecta might have reduced casualties and, therefore, the
effects on morale.

Even in the target clties, it must be emphasized, the atomle
bomba did not uniformly destroy the Japanese flghting spirit. Hire-
shima and Nagasakl, when compared with other Japanese cltles, were
not more defeatiet than the average. The bomba were tremendous per=
sonal catastrophes to the survivorw, but nelther time nor understand-
ing of the revoluticnary threat of the atomic bomb parmitted them to
see in these personal catastrophes a finel blow to Japan's prospeckts
for wvictory or negotiated peace.

3. The Japaness Decision to Surrender.

The further question of the effects of the bombs on the morale of
the Japanese leaderz and their decislon to abandon the war iz tied up
with other factors. The atomle bomb had more effect on the thinking
of government leaders than on the morale of the rank and file of civ-
ilians outside of the target areas, It cannot be sald, however, that
the atomie bomb convineed the leaders who effected the peace of the
necessity of surrender. The decision to surrender, influenced in part
by lmowledge of the low state of popular merale, had besn taken at
least as early as 26 June at & meeting of the Supreme har CGuideace
Council in the presence of the Emperor.

Thiz decision did not, of course, represent the unanimous feeling
of those influential in povernment circles. As early as the spring of
1944 a group of former prime ministers and others close to the Emperor
had been making elfforts toward bringing the war to an end. This group,
ineluding such men as Admiral Ckada, Admiral Yonal, Prince Konoye, and
#arquis Kido, had been influential in effecting Tojo's resipnation and
in making Admiral Suzuki Frime Minister after Kolso's fall. bkven in
the Suzuki cabinet, however, agreement was far from unanimous. The
Havy Minister, Admiral Yonai, was sympathetic, btut the mar Minister,
General Anami, usually represented the fight-to-the-end poliey of the
Army. In the Supreme War Guidance Council, e sort of inner cabinet,
his adherence to that line was further assured by the participation of
the Army and Navy Chiefs of Staff, so that on the peace issus this or-
ganization was evenly divided, with these three opposing the Frime
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Minister, Forelgn Minister, and Navy Minlster. At any time mllitary
(especially Army ) dissatlisfaction wlth the Cabinet might have ewent-
uated at least in its fall and possibly in the "lijuidation" of the
anti-war membera.

Thua the problem facinpg the peace leaders in the government was
to bring about a surrender despite the hesitatlion of the War Minlster
and the opposition of the Army and Navy Chiefs of Staff. This had to
be done, moreover, without precipltating counter measures by the Army
which would eliminate the entire peace group. This was done ultimate-
ly by brioging the Emperor actively into the decislon to accept the
Potsdam terms, So long as the Emperor openly supportsd such a poliey
end could be presented to the country as doing so, the military, which
had fostered and lived on the idea of complete cbedience to the Emperor,
eould not effectively rebel,

A preliminary step in this direction had been taken et the Imperial
Conference on 26 June. At this meeting, the Emperor, taking an sotive
part desplte his custom to the contrary, stated thet he desired the
development of a plan to end the war as well as one to defend the home
islands. This was followsd by a ranewal of earller efforts to pet the
Soviet Unlion to Interceds with the United States, which were effectively
answered by tihe Potsdam Declaration on 25 July and the Ruseian declar-
ation of war on 9 Auguat.

The atomlc bombings considerably speeded up these pelitical man-
euverings within the government. Thie In itself was partly a morale
sffect, since there is ample evidence that members of the Cabinet were
worried by the prospeot of further atomie bombings, especially on the
remains of Tokyo. The bombs did not convince the military that defense
of the home 1lslands was impossible, if their behavior in government
counoils is adequate testimony. It did permit the Government to say,
however, that no army without the weapon could possibly resist an en-
emy who had it, thus saving "face" for the Army leeders and not reflect-
ing on the competencs of Japaness industrialists or the walor of the
Japanese soldler. In the Supreme Wer Guldance Council voting remained
divided, with the War Minister and the two Chiefz of Steff unwilling
to acoept unoonditional surrender. There seem little doubt, however,
that the bombing of Hiroshima and Nagasaki weakened thelr inelination
to oppose the peace group.

The peace offort culminated in an Imperlal conference held on the
night of 8 August and continued into the early hours of 10 August, for
which the stage wee set by the atomic bomb and the Russian war declar-
ation. At this meeting the Emperor, mgain breaking his oustomary ail-
snca, stated specifically that he wanted acceptance of the Potedam
terms.

A quip was current in hich government cirecles at this time that
the atomle bomb was the real Kamilmze, sinoe it saved Japan from
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further useless slaughter and destruction. It is apparent that in
the atoric bomb the Japanese found the opportunity which they had
been seeking, to bresk the existing deadlock within the government
over acceptance of the Potsdam terms.



III. HOW THE ATOMIC BOMB WORKS

Out of the atories of Hiroehima and Magasakl can be built up,
datail by detail, the picture of how the atomie bomb works: the
different forms of snsrgy given off, the velocity arpd intenalty of
sach, ths sort of effects each has on animate and inanimate cobjecta.
In thess factors is the real story of what happensd at Hiroshima
and Fagasaki, for in them chance eircumstances ars ruled ocut,

Spectatora' accounta, whether of the New Mexico, the Eiroshima,
or the Fegasaki explosion, desgribs similar plctures. At Nagasaki,
for example, the bomb exploded at 1102 with a tremendous flash of
blus-white light, like a glant magossium flare. The flash was acc-
ompanisd by a rush of haat and was followed by & hugse preasursa warvs
and the rumbling sound of the explosien., Curiously snough, this
sound was not distinetly noted by those who survived psar ths canter
of ths explosion, although it was heard as far as 15 milss away.
Pacple on the hillsides in the country at a considerable distance
from Fagasaki told of seeing the blue-white and then multiscolored
flash over the eity, followed some meconds later by a tremendous olap,
liks thundar very closs overhead. A huge snowewhite cloud shot rapid.-
1y into the sky and the scens on the ground was obscured first by a
bluish baze and then by a purpls-brown cloud of dust and smoks,

Ths survivors wers not aware at the time that a radically new
bomb had besn used, Thay wera conseious of an sxplosion of tramsnd.
cus powsr, but wven the govermmsnt had no conception, until President
Truman's announcement was broadcast, of the pew principle of opesration,
If we atrip cur minds of any lingering prajudice that the atomic
bomb is supermmtural or incomprehensible in its operation, we shall
see why its uniqueness was not at first recognized,

l. Ine Mture of the Explogiom

The atomic bomb works by explosion. An sxploslon is, in
the words of the Bmyth report, simply a *suddsn and viclent releass
of a large amount of energy in A small region,* As do ordinary high
sxplosives, atomic bombs relsass energy, though on an unprecsdented
seals, The energy takes three forms (one of which is new), and all
the effects of the bomb can be referred directly to thess three kinds
of energys They are:

(1) Beat (which is pressnt in other explosions, &s the
familiar injuries known as *flash burns® on warships illustrate, but
ordinerily not at high enough diffused temperaturss to burn a man or
pat fire to combustible cbjecta at any considerable distance from the
explosion.)

(2).Radiation (similar to x-rays or to that from radium,)

(3) Blast or pressure (as from a demolition bomb,)
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The whole discussion of the effecta of the atomic bomb
will be phrased in terms of thess thres kinds of energy. 1 b other
more mysterious or immesasurable forces acted; these wers all. =

These wers snough. The snergy releassd in atomic
explosion is of such magnitude and from sc concentrated & source that
it sats entirely new problems in its use or in protection against it.
Ordipary burning or explosion is a chemical reaction in which energy
is released during the rearpapgement of the atams of the explosive
matarial. In an atomioc reaction, howsver, the identity of tha atams,
pot simply their arrangement, is changed, The change is more funiamenw
tal: in it, matter is transformed into energy. The energy relsased
when & pound of nitroglyoerine explodes, would, when cooverted into
heat, raise the temperature of 150 pounds of water by 182 Fahrenheit,
The explosion of & pound of urapiym would produce an equal temperaturs
rige in 2 billion pounds of water, Clearly, only a small part of the
poss in the banb’s motive core nesd be transformed to give an explosion
of tremsndous powars

At the time of the explosion, then, ensrgy was given off

in the forms of light, heat, gamma radiation, and pressure. The whole
rangs of radietions, indeed, seems to bave besn present., There wers
heat radiations in the low fregquency band below infra-red, visibls
waves of all colors (as the syewitnsss accounts show), and penstrating
radiations of very high frequency generally groupsd as “"gamma rays®.
Light and radiant heat (®flash heat®) sped cut in all directions at

a rate of 186,000 miles per second, and the gamma reys at the same
rate (though their effect was not immediately obvicus.) The shock
waves trarsllsd much more d owly: it may be inferred from tests with
high exp loaives that the rate at a ralative short & stance from the
point of explosion was about two miles per second, and dropped rapidly
to ths speasd of sound, or about one fifth of a mile per second. Thus
the 1ight, heat, apd gemma radiation reachsd the target first, followed
by shock and sound and the high winds of the blast.

(2) Hoat

The centsr of the explosions--several hundred fest
above ground..was & ball of fire. Because the radiant heat given off
at the explosion easily charred combustible objects while ceasing so
quickly that surfaces not in the direet line of radiation wers unaffect-
ed, there are clearly marked "shadows® visible whers objecta were
shislded against the heat. By projecting back the sharply defined
outlinss of these shadows, Japanese and Allied scientists have deter-
mined the height and diametsr of the fireball. The two fireballs
were apparently several hundred fest in diameter. The temperaturs at
their care was virtually inconceivable--millions of degrees Centigrade.
Even at its edge, the temperaturs was several thousand degrees; reason-
ing from the heat effects cbserved on humen beings, bubbled roof tile,



and coanbustible matarials, Japanese 8pd Allied scientists have placed
the figure veriously betwsen 3000 apd 9000° Centlgrade,. Ensrgy glrven
off in heat alons '.i estimated by Japanase physiclats at the astron-
omical figure of 10 3 calories,

The flash heat was intenss encugh to % firss, de-
apite the distance of the fire ball froam the ground., Clothing ig-
nited, though it could be guickly beaten ocut, telephons poles charred,
thatched roofs of houses caught fire, In Hiroshima, the explosicn
started hupdreds of fires elmost simultapecusly, the moat distant of
which was found 13,700 feat from ground zero; this, howerver, probably
started when a btullding with a thatched roof ¢ollapsed onto a hot
charcoal firs., Firss were started directly by flash heat in such
easily ignitable substances as dark cloth, paper, or dry-rotted wood,
within about 3,500 feet of ground zero; whi te-painted, concrete-faced
or cement-stuccoad structures reflescted the heat and did not ignite.
A cedar bark roof and the top of a dry-rottsd wooden platform 5200
feet west of ground zero, were reportsd to have been ignited by the
bomb flash, The majority of initial fires in buildinga, however, wers
started by sscondary sources (kitchen charcoal fires, slectric short-
circults, industrial process fires, etc.). In Fagasaki, both Japaness
apd Americen fire experts mgreed that more fires wers caused directly
than indirectly, in a ratio of 60 to 40. The range of primary fire there
is reported to have exceeded 10,000 fest.

Oharred telephons poles were discernable for 10,000
feet south and 13,000 feet north of ground zero at Hiroshima, and for
13,000 feet or more at Migasaki. Bubbling of rcof tile occured at
Hiroshima from ground zero out to 4000 feet, though with only
scattersd frequency after 2000 feet. The same phenomencn was reported
at Magasaki, sccompanied again by scarring and pseling of granitle
rocks, almost & mile from ground zero, A eimilar bubbled surface
was obtainasd at the Mational Bureau of Standarda by heating a mF:hIi"frf"-
of the tile to 1800° Centigrade for a period of four seconda. The
effect so produced extsnded desper into the tile than did the btubbling
caused by the atomie bomb, which indicates that the explosion of the

bemb sub jected the tile to a temperature of more than 1800° for less
than four seconds. '

Persons rsportsd fesling heat on their skin as far away
as 2,000 feet., Surns of unprotectsd skin certainly occurred up to
12/13,000 fest, and rapartedly up to 15,000 feet--nsarly three miles,
Serious or third-degres burns were suffersd by those directly exposed
within 4,500 feat, and occasionally as remote as 7,200 fest. In the
immedinte area of ground zero, the heat charred corpses beyond recog-
nition,

Clothing as well as buildings afforded considerable
protection against the flash., Even a clump of grass or iree leaf was
on occasion adaguates
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The implication clearly is that the duration of the flash was leas
than the time regquired for the grass or leaf to shrivel. While an
accurate sstimate is not possible, the duramtion could bardly have
exceedsd & fraction of a second.

3« Hadiation

From the chain reaction which produced the mass reslease
of energy in the explosion, a wide range of radiations were ralsased.
The light apd heat are familiar slsments of exploslons, but the fres
nsutrons end high-frequency radistions such as gamma rays are a new
phencmenon, Thess radiastions are highly penstrating and lethal,

The damaging penetration of rediation would be possible
from thras acurcesi

8.,) From the high-frequency radiations, whether neutrons,
gazma Tays, or other unspecified rays, released in the chaln reaction
of the bomb, :

be) From lingering radic-activity from depoaits of
primary fission products scattersed in the explosion.

; ¢e) From induced radioc-mctivity in the bombed area,
caitsed by interaction of neutrons with matter penstrated,

Only the first causs seams to have had important effects,
though there are detectable pockets of radio-activity in both citles.
At Talmsu, 10,000 feet from ground zero at Hiroshima, and at Nishi-
yama, 6,500 feet from ground zero in Migasaki, scientific measurszments
waaks aftar the explosion showed radicactivity. Fresumably this was
from depogits of primary fission products rather than induced redioc-
sctivity, In tests of the ground and bones of victims of radiation
disease, certain substanses--phosphorus, barium, strontium, rare
sartha--hare shown radioc-activity. Though evidence of lingering
radioc-activity is slight, it is strong enough to leave open the
cminous possibility of & differesnt situation bad the bomb exploded at

ground level. =

The radiation apparently had no lasting effects on the
soll or vegetation: sesds later planted within a few hundred feet of
ground zero grew normally. Examination of sub-surface soll in the
immediate area showsd presence of earthworms and other life only a
few inches below the surface., The effect on humen procreation is
s yot undstermined, but pregoant women within a mile of ground zero
showsed an increased mumber of misearriages, and there was in most cases
a low apsrm count among men in the same area. Stories of harmful
effacts on peocple who come into the area after the explosion have been

disproved by inveatigaticn.
The reys proved lethal for an average radis of 3000 feet
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fram ground zero. They ceused loss of hair up to 7500 feet and
occasionally beyond, apdother mild effects up to almost two miles,

b« Blast

The pressure or shock wave travelled ocut in all directions
fran the explosions The blast affects produced were upiform, and
sasentially thome of conventiopal large high-explosive weapons though
on & much larger scale. Thuas, instead of localized effects such es
the collapae of a roof truss or wall pamel, sntirs bulldings were
crushed or distortsd as unita,

Tha blast pressurs, as with high explosives, ross
almost instantaneously to a peak, declined more slowly, and then fell
below atmosphsric pressure for & psriod about thres times tha perlod
during which it was ebove atmospherie pressure. The positive period-.
that during which the pressure was greater than atmospheric.-was of
much greater peak pressure than the suecceeding, or negative phase.
Short though the positive phase wag--probably only slightly longer
than a second--1t lasted longer than tha -positiva phase of ordipary
bombs., Jhus the effect of the atamic bomb on buildings was usually
that of a powsrful push which shoved buildings cver or left them
leaning, whereas high explosive bombs strike sharply andmuch more
briefly and tenu to punch holes in walls, The durations was also
long enough so that almost all building fallures came during the
poaitive phase, Cooparatively faw evidences wers found of failures
of members during the longer but less intens=ze negative phase; wipdow
shutters blown outwarda toward the explosion were very race.

Experimants with high explosives have shosm that the
fage-on peak pressures ars approximataly two to five times as intenas
as sldes-on peak pressuras; thus greatsr demage waas inflicted on walls
or roofs faclng the blast than on slmilar surfaces parallal to the
blast. Mear ground zero, the blast struck almost vertically downward.
Buildings were crushed if weak, or the roofs wers erushed in with
Jdittls or no damage to tha walls. Trunks of trees remained atanding,
but’ stripped of their branches; telephope poles, pushed over farther
out, also remained srrect nesar the center, Many small bulldings wers
virtually engulfed ip the pressura wave and simultansously erushed
from different dlrections, At somewhat greater distances, both
horizontal end vertical compohents of the blast were appraciable,
apd buildings suffered damage both to roofs and to walls facing the
exploaion, At considerable distances, whare the blast was travelling
in an almost horizontal direction, damage was predominantly inflicted
on walls during the blast. In such cases, the buildings were of ten
eamplately racked by the ipability of roof truss members to transmit
the pressurs to the far walls,

Bhislding was more important at Mgesaki than et Hiroshima,
becauss of the hills that divided the city, BPuilding restrictions in



Japan after the 1923 earthgquake limited bullding helghts to 100
feet; thus thers was 1ittle shielding by bulldings from these sir-
burst bombs.

Reflection and diffraction effecte wera ocbserved, Had the
blast travelled 1n completely straight lines, more bulldings would
have survived in Nagasaki than actually did. Reflection effects
were most clearly cbserved in the destruction of parapest walls of
roofe on the slds awmay from the bomb, where reflecticn of the blast
wavs from the roof reinforced the blast impinging cn thes wall
direoctly. They were alsoc vialble in the diaplacing and cracking of
conoreate deoks of bridges wlthin one thousand feet of ground zero,
where reflection of the blast wave from the water struck the bridges
where their resistance was least,

Tha resistance of bulldings depended very largely on thair
construction, as two examples show,

a.) In tha area batwesn two and thres thousand feet from
ground zero at Hagasaki, only 9.5 par cent of the floor area of
reinforced concrete bulldings was destroyed or structurally damaged.
Yet in the ring between 4,000 and 5,000 feet from ground zero, 56 per
eent of such bulldings was destroyed or structurally damaged.
Careful examinatlion showed that the difference lay solely 1n design,
conatruetion detail, and materials: the bomb detonated over a sec-
tion contalning the most carefully and strongly bullt bulldings in
the city, the majority multi-story earthquake resistant structures,
Thias strength more than compensated for the greater intensity of
blast. A rapldly diminishing blast was capable of serlous damage
to weaker bulldings further away, mostly high single-stery indus-
trial buildings, with thin shell-type arch roofs.

b.) At both citles, stesl framed buildings with corrugated
asbestos walls and roofa suffered less structural damage than those
with corrugated iron or ehest metal walls and roofs, The corrugated -
asbestos crumbled easlly, permitting the blaat pressurs to euglizs qsﬁlﬁjﬂa
iteelf rapldly around the maln framing members, but the steel siding
traneferred the pressure to the structural members, causing distortion
or genesral collapes,

The 1imits of blast effects extended eight miles out, where
some glass reportedly shattered in Hircshimajy at the seame city,
some rpof stripping and disturbance of tiles was inflicted at the
Japan Stesl Company, 4.1 miles from ground mero.

In analysing the extent of tha destruction wrought by the

boobs, 1t is necessary to discriminate between the two citles ana
between different types of bulldings. Equivalent effects are found
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et Nagasaki over greater areas, Structural damage to reinforced
concrete buildings, both earthquake resiastant and non-earthquake
resistant, occurred within an area of 0,05 aquare miles at
Hiroshima, but at Nagasakl simllar severe damage was inflicted in
an area of 0,43 square miles,

Severe damage to one-story light steel frame bulldings was
equally extensive at the two cities; the area was 3.3 square miles
at Nagasakl and 3.4 square miles at Hiroshima, Heavy stesl frame
bulldings could be studied only at Nagasakl, where they suffered
structural damage over an area of 1.8 square miles,

Ona-story brick buildings with load bearing walla were severaly
damaged within an area of E,l1 square miles at Nagasaki, and within
an area of 6.0 equare miles at Hircshima, Multi-story brick
buildinge, which were satudied only at Hiroshima, were severely
damaged within an area of 3.6 square miles,

Wood domestic bulldings were severely damaged within an area of
7.5 square miles at Nagasaki, and within an area of 6,0 square
miles at Hiroshima, Wood frame industrial and commerclal buildings,
which were of inferlor construction, were severely damaged within
9.9 square miles at Hagasakl, and 8.5 square miles at Hircehima.

Maxigum blast pressures fall off wery rapldly as the distance
from the detonatlon increases. In the two bombed cities, thus,
reinforced concrete bulldings of good construction were structur-
ally damaged only when within a few hundred feet of ground zero.
Indesd, ground zero itself was too distant from air gero for the
earthquake-resistant buildings to be ecllapsed, It im the coplnicn
of the Survey's engineers that at Hiroshima more thorough destruc-
tion near ground zero, without significant losa in the scope of
destruetion, could have been achisved had the bomb been detonated
at a lower altitude,

5. The Atomic Bomb Compared with Other Weapons.

In comparing the atomic bomb with other weapona, it is well to
remember the importance of the height at which -1t exploded. Because
of this distance from the targets, the atomic bomba did not exert
at any point in Hiroshima or Nagasaki the high instantaneous peak
pressuras of even small high explosive bombs, For example, & elngle
100-pound bomb expleding at ground level exerts a higher blast
pressurs over an area of 1,000 squars feet (for about 18 feet around
itas point of detonation) than did the atomic bomb at any point in
elther oity.



That fact will place comparisons of the radii of effectlvenass
in the proper perspsctive. Even at the heights from which the atomic
bomb was axplodsd in Japan, its blast effects wers on & new scale
because the duration of the blast was long cempared to that of high
explosive bombs, To take only one example: at Nagasaki brick
buildings suffered structural damage within a radius averaging 6000
feat from ground zerc, Comparable damage would be done by a
500-pound high explosive bomb burstat ground lavel for a radius of
55 feet; by a 1000-pound bomb for 80 feet; by a one-ton bomb for 110
feat; and by a two-ton bomb for 200 feet., A hypothetlcal ten-ton
blockbuster (onlyten-ton pasnstrating bombs have actually been used)
could be expascted to achlieve equivalent damage over a radius of 400
feet, The area of effectivensas of the alr-burst atomlc bomb against
brick bulldings thus ranged from 15,000 times as great as that for a
500-pound bomb, to 225 tlmes a3 gruat as that for the imaginary
“en-ton blockbuster,

A simple table shows most strikingly the comparison between the
strildng forces needed for atomic and for conventional raids, Against
the two atomic attacks can be set the data for the most effective
single urbana ttack, that on Tokyo on 9 March 1345, and the average
effort and results from the Twentieth Alr Force's campaign against
Japafiese clties:

EFFORT AND RESULTS

Hiroshima Nagasaki Tokyo Average of 93
Urban Attacks

Flanes 1 1 279 173
Bomb Load 1 atomic 1 atomic 1,667 tons 1,129 tons
Population
Density per 46,000 65,000 130,000 unknown
Square mile =
Square mlles
destroyed 4a7 1,8 15,8 1.8
Killed and
SEustng 70/80,000 35/40,000 83,600 1,850
Injured 70,000 40,000 102,000 1,830
Mortality rate
per sq mile 15,000 20,000 00 1,000
destroyed % : 2 :
Casualty rate 2,000 000 11,800 2,000
per sq mlles 32, 42 . :



What stands out from this compllation, even more than the
extent of the destruction from m single concentrated source, 1s the
unprecedented casuvalty rate from the combinatlon of heat, blast, end
gamma rays frem the chaln reactien.

On the basis of the lmewn destructiveness of varlous bombs
computed from the war in Europe and the Pacific and from tests,
tha Survey has estimated the striking force that would heve been
necessary to achieve the same destruction at Hiroshima and Negasaki.
Io cause physlonl damage squivalant to that caused by the atomle
bombs, approximatsly 1300 tons of bombs (ene-fourth high explosives
and three-fourths incendiaries) at Hirochima and 600 tons (three~
fourths high explosives and one-fourth incendiary) would have bean
required at Nagasaki--in the target area. To place that many bombs
in the target area, sssuming HnyEigHt attacks under essentially the
sams conditions of weathsr and enemy cpposition that prevailed when
the atomiec bombs were dropped, 1t is estimated that 1600 tons of bombs
would have had to be dropped at Hiroshime and 900 tons at Nagasaki,
To thess bomb leads would have had to be added a number of tons of
anti-personnel fragmentation bombs to inflict comparable casualties:
thase would add about 500 tons at Hiroshima and 300 tons at Nagasaki,
The total bomb loads would thus be 2100 tons at Hiroshima (400 HE,
1200 IB) and 1200 tons (675 HE, 225 IB) at Magasaki., With each plane
carrylng ton tona, the attacking force required would have been
210 B-29g at Hiroshima and 120 B-29s et Nagasaki,

It should bs kept in mind, however, that the area of damage at
Hagasaki does not represent the full potential effectiveness of the
atomlie bomb used there. The damage was limited by the small sige
of the rather lsolated section of the clity over which the bomb
exploded. Had the target been sufflclently large, with no sections
protected by intervening hills, the area of damage would have been
about five timee ag large. An egquivelent bomb load which would
correspond to the destruotlve power of the Nagasakl bomb rather
than the imperfect resulte achieved would approximate 2200 tons
of high explosives and incendiaries for physical damage plus 500
tons of fragmentation bombs for casualties, a total of 270 B-29
loads of ten tona each,



IY. SIGHPOSTS, The D v, and «hat e Can Do About It.

A. The Danger.

The Survey's investigators, as they proceeded about thelr
study, found en insistent question framing itself in their minds:
Mihat if the target for the bomb had been an American cityi" True,
the primary mission of the Survey was te ascertain the facts just
summarized, Bubt conclusions as to the meaning of those facts, for
citizens of the United States, forced themselves almost inescapably
on the men who examined thoughtfully the remesins of Hiroshima and
Negasaki, These conclusions have a different sort of wvalidity from
the measurable end ponderable facts of preceding sections, and there-
foras they are presented ssparately. Thesy are not the least important
part of this report, however, and they are stated with no leas
ccnviction,

Ho two cities, whether in Japan or the United States, are exactly
alike, But the differences in terrain, layoubt and zoning, density,
and type of construction can be alln‘.md for ons by ons; when that is
done, comparisons become possible, The most atriking difference
between Arerican and Japanese cities is in residential districts:
what happened to typleal Japanese homes is not directly applicable to
American residential districts, But in Japenese cities were many
brick and wood frame bulldings of Western or similar design and of good
workmanship, It was the opinion of the Survey's engineers, with thelr
professionel familiarity with Americen bulldings, that these Japanese
buildings reacted to the bomb much as typical Arerican buildings
would have. And these buildings were exceedingly wulnerable: multi-
story brick buildings with load-beering walls were destroyed or
gericusly damaged over an area of 3,6 square miles at Hiroshima, while
gimilar one-story brick buildings were destroyed or perlously damaged
within an arean of six square miles, Vood frame bulldings built as
industrial or commercial shops suffered aimilar damage in an area of
over eight miles, while Japaness resldences were destroyed or
seriously damaged within an area of six square miles. This was at °
Hiroshima, where the less powerful bomb was used! :

These figures indicate what would happen to typical wood,
brick, and stucco structures in American cities, Bbodern reinforced
conorete and steel frame buildings would fare better here -- as they
did in Japan. But the following table shows how American cities
ars built, and how few are of blast-reslistant construction.
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TYPES OF STRUCTURES BY EXTERIOR MATERIAL (U.S. CITIES)

CITT TOTAL STRUCTURES OTHER

= __BGPGTID MO ERE SIWGQ MUMGES

New York 591,319 236,879 299,482 41,661 13,297 2,
Washington 156,359 48,971 95,939 5,78, 5,685 3.5%
Chicago 382,628 131,148 238,959 5,797 6,724 1.T%
Detroit 267,677 165,488 94,333 1,923 5,933 2.2%
8an Franciseo 105,180 61,172 2,334 10,902 722 0.7%

SOURCEs 16th Census of U.S8, (1940) Vol.II.

Tha overwhalming bulk of the bulldings in American cities could
not stand up against an atomle bomb bursting a mile or a mile and a
half from them.

And the people? We must not too readily discount the casualty
rate bécauss of the teemlng populations of congested Japanese clities.
Amerioan cities too have their crowded slums, and in addition tend to
build vertically so that the density of the population is high in a
given area even though each apartment dweller may have more living
gepace than his Japaneas equivalent.

POFULATION DENSITIES
U.S. AND JAFANESE CITIES

CITY POFULAT ION AREA POFULATION DENSITY
—— =t 59, MI.

New Tork 7,492,000 322 .8 23,200

Manhattan {dn,-.rﬁ 3,200,000 22,2 145,000
Manhattan (night) 1,689,000 22,2 76,000
Bronx 1,493,700 41.4 34,000
Breoklyn 2,792,600 80.9 34,200
Queens 1,340,500 121.1 11,000
Staten Island 176,200 572 3,000
Washington 663,091 61.4 11,000

Chicago 3,396,808 206.7 16,500

Detroit 1,623,452 137.9 11,750

San Francisco 634,536 L6 14,250

Hiroshima 340,000 26.5 12,750

(pre-war)
Center of City 184,000 4.0 46,000
(1 Ang 45)
Nagasaki 250,000 35. 7,000
(pre-war)
Bullt-up area 220,000 3.4 65,000
O tae 43) 9 = Oth 16
SOURCEs New York: m, July, 1939 = ar U.5. eltieas 16th

Cenaus of U,S, (1340) R



Yost of the porulation densitles in thls table are merely averages for
people within a city limdts. UNost meaningful, theretore, are the
figures for the central areas of Hiroshima and lagacal, and for the
boroughs of New York. The casualty rates at Hiroshima and Hagasakl,
appliad to the masssd inhabitanta of Lanhattan, Brocklyn, and tha
Bronx, yvleld a grim conclusion. These casualiy rates, it must never
be forgotten, reault from the first atomic bombs to be used and from
bomba burst at considerable dietances above the ground. Improvad
bomba, perhaps dstonated more effectively, may well prove still more
deadly.

B, What We Can Do About It,

The danger is real — of that; ths Survey's findings leavs no
doubt, Scabttered through thoss findings, at the same tima, are the
cluas to the measures that can be taken to cut dom potentlal losses
of *1lives and property. ‘Thess measures must be taken or initiat~d now,
if their cost is not to be prohibitive, But if a policy is laid
down, well in advance of any crisis, it will enable timely decentrallsa-
tion of inlusirial and medical facilitlies, consatruction or blueprinting
of shelters, and preparation for life-saving evacuation programs,

The almost 'mprotected, completely surprised cities of Japan suffered
maximum lecsses from atomlc bomb attack, If we recognize in advance
the possible danger and act to forestall it, we shall at worat suffer
minimum casualties and disruption,

Since modern sclencn can be marshalled for the defense as well as
the attack., thiie 1s reasoa %5 hope that protective weapons and tech-
niques will be improved. Even protective devices and vigilance, how-
e7ar, cannot be perfect guards against surprise or initial attack, or
against the unlimlted cholces of targets offered an enemy through the
range and speed of modern weapons, In our planning for the future, if
wé 3ra realistic, we will prepare to minimize the cdestructivensas of
sv:h a%tacks, and so organize the economlc and adainistrative life of
the naticn that no single or small group of successful attacks can
paralyze the natlional organism. The foregolng description of the
effect!veness of the atomic bomb has shomn clearly that, desplta its
awesors rowar, 1t has limits of which wiss planning will tak= preapt
advantags.

s
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Shelters

The most instructive fact at Hagasakl was the survival, even when
near ground zero, of the few hundred people who ware properly placed
in the tunnel shelters, Carefully built shelters, though wnoccupled,
stood up well in both citles, Without question, shelters can protect
thoss who get to them against anything but & direct hit, Adequate
warning will assure that a maximum number get to shelters,

Analysis of the protection of survivors within a few hundred fest
of ground zero shows that even gamma rays can be shielded against,
At Hiroshima, for example, perscns in a concrate bullding 3600 fest
fromground zero showed no clinical effects from gamma radiation, but
those protected only by woodsn bulldings at a similar distance suffersd
from radiation digease, The necessary thickness varies with ths sub-
stance and with the distance from the point of detecnatlon., Adequate
shelters can be built which will reduce substantially the casualties
from radiation,

Men arriving at Hiroshima and Nagasald have been constantly
impressed by the shells of reinforced concrete buildings still rising
abora therubble of brick and stone or the ashes of woodsn buildings,
In moat cases gutted by fire or stripped of partitions and interior
trim, theses buildings have a double lesson for us, They show, first,
that it is possible without excessive expense to erect bulldings which
will satisfactorlly protect thelr contents at distancea of about 2000
fest or more from a bomb of the types so far employed, Conatruction
of such buildings would be similar to earthquake resistant construction,
which Califernia experience indicates would cost about 10% to 15% more
than conventional construction. Even against more powerful bombs or
against near misses, such construction would diminish damage, Seccond,
the intermal damage 1llustrates the danger from interlor details and
conatruction which result in fire or flying debris in otherwise sound
buildings., The elimination of combustible interiors and the provision
of full-masonry partition walls, fire-resistive stair and elevabor
enclosures, and fire division walls would localize fires, Avoldance
of glasa, tile, or lath and plastesr on wood atud would cut down damage
from flylng debris, The studles of the Physical Damage Division of the
Survey support such recommendations and include many others,

The survival of sheltered sections of Nagasakl suggests forcefully
the use that can be made of irregulsr terrain, Uneven ground reduces
the spread and wmifermity of blast effect. Terrain featurea such as
rivars and parks afford natural firsbreaks and avenues of eacape,
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Decentralization.

Hiroshima and Nagasaki were choaen as targets because of their
concentration of activities and population, The population density of
forty-five thousand or more per square mile of bullt-up area explains
in part the high casualty rate, Significant therefore is the fact
that deaths at Nagasakl, despite the greater populatiom density, were
only half those at Hiroshima: the difference can be assigned in the
pain to the separation of the dispersed built-up pockets at Hagasaki,
in contrast to the uniferm concentration of the inhabitants in the
heart of Hiroshima. The Hagasaki Bomb thus dissipated mich of its
energy against hills, water, or unoccupied areasz, while the Hiroshima
bonb achieved almost optimum effect,

The fate of industries in both cities again illustrates the wvalue
of decentralization. All major factories in Hiroshima were on the
periphery of the city == an esceped serious damage; at Hegasaki, plants
and doclyards at the southern end of the city were merely intact, but
those in the valley where the bomb exploded were seriocusly damaged,

So spread out were the industries in both cities that no single bomb
could have been significantly more effective than the two actually

dropped.

Kedical facllities, cromled into the heart of the city rgther
than evenly spread through it, were crippled or wiped out by the
explogion, Only the previous removal of some stocks of medical
supplies from Hiroshira to outlying commmities, and the bringing
in of aid, enabled the limited medical ettention of the first few
days. :

These results underline those in conventional ares railds in
CGermany, vhere frequently the heart of a city was devastated while -
peripharal industries continued to produce end where (particularly
in Hamburg) destruction of medical facilities just at the time of
greatest need hampered care of wounded,

The similar peril of American cities and the extent to which wise
zoning has diminighed it differ from city to eity. Though a reshaping
and partial dispersal of the national centers of activity are drastie
and difficult reasures, they represent a sociel and military ideal
toward which very practical steps can be taken once the policy has
been 1aid down. In the location of plents, administrative headquarters,
and hospitals particularly, the value of decentralization is cbvious,
and can be obtalned cheaply if the need is foreseen, For exampls,
bty wise selection of dlspersed sites, the present heospital bullding

program of the Veterans' Administratlion could be made sg% .
congestion without additional cost. ’_ I- I ~



Resarve stocks of criticel meterlels end of such products es
madicel supplies should be kept on hrnd. This principle of mein-
teinding reserves epplies also to the cepltsl eculpment eof the country.
Key producing orees must not be served by # single source of power
or chennel of trensportstion. Indispenseble meterisls must not come
from processing planta of berely sdecuste cepreity. Production of
essentisl manufactured goods -- civilirn and militery -- must not be
confined to & few or to geogrephicelly centralized plents, .And the
verious regions of the country should be encoursged to spprosck
belsnced economic development es closely ss is paturelly possible,
#n enemy viewing our nationsl economy mst not find bottlenecka which
use of the stomic bomb could choke off to throttle our productive
capacity.

Ciw 8 neea.,

Beaceuse the scele of disester would be certsin to overwhelm the
locelity in which 1t occurs, smtuel sssistance orgenized on & netionel
level 1s essentiel, Such notionrl orgenizetion is by no meens in-
conslstent with decentrslization; indeed, it will be eided by the
exiatance of the meximum number of nearly self-susteining regicns whose
Jolnt support it cen coordinete. In sddition, highly trained mobile
units skilled in end equinped for fire-fighting, rescue work, end
clesrence end repeir should be treined for en emergency which disrupts
locel orgenizetion &nd ercecds its cepebility for control.

Most importent, e netional civilien defense orgenizetion cen
prepere now the plens for necesssry stepe in cese of crisis. Two
complementery progrems which should be worked out in sdvence ere those
for evecurtion of unnecessery inhebitents from threstened urben rrees,
end for rapid erection of edecuete shelters for people who must remein.

Active Defensa,

Frotective messures cen substantielly reduce the degres of
devestation from en etomlc bomb end the rete of cesuslties. TYet if the
posaibility of etomic etteck on us is eccepted, we must sccept-elso the
fect that no defensive messures slone cen long protect us. £t best
they cen minimize cur losses end preserve the functioning of the
neticnel community through initiel or continuing pertisl attoeck,
dgeinet full snd susteined ettscks they would be ineffectusl
pellistives.

As defenslve wespons, stomie bombs sre ygaful primerily #s wesrnings
€8 threats of retelistion which will restrein e potentlsl sggressoc m
their use s from the use of poison gas or biologicel werfare., T
misslion of ectlve defense, es of pessive defense, 18 thus to prave
the surprise use of the etomlic bomb from being declsive. A wise
military esteblishment will meke sure -- by dispersel, conceelment,
protection, end constent reediness of its forces -- that no uini1n-?.-



blow or series of blows from an enemy can cripple its ability to
strike back in the same way or to repel accompanying attacks from
other air, ground, or sea forces. The measures to enable this un-
relaxing state of readiness are not new; only thelr urgency is
increased, Particularly is this true of the intellipgence activities
on which informad decisions and timely actions depend.

The need for research is not limited to atomic enmergy itself, but
is equally important in propellante, datection devicesa, and other
techniques of countering and of delivering stomic weapons, Also
imperative is the testing of the weapon's potentialles under varying
conditions. The coming Operations Crossroeds, for example, will give
wvaluable data for defining more precisely what is slready known about
the atomlc bomb's effectiveness when air-burst; more valuable, however,
will be tests under new conditions, to provide sure information about
detonations at water level or underwater, as well as underground. While
prediction of effects under differing conditions of detonation may have
a high-degree of probability, verified lmowledge iz a much better basis

for military planning,

Conclusion.

One further measure of safety must accompany the others, To aveid
destruction, the surest way is to avoid war. This was the Survey's
recommendation after viewing the rubble of German cities, and it holds
equally true whather ome remembers the ashes of Hiroshima or considers
the wvulnerability of American citles,

Our national policy has consistently had as one of its basic
orineiples the maintenance of peace. Based on our ideals of justice
and of peaceful development of our resources, this disinterested
policy has been reinforced by our clear lack of anything to gain from
war -- even in victory, No more forceful aerguments for peace and for -
the international machinery of peace than the sight of the devastation
of Hiroshima and Nagasakil have ever bsen devised, Az the developer
and exploiter of this ominous weapon, our nation has a responsibility,
which no American should shirk, to lead in establishing end implement-
fi‘]::% the international guarantees and controls which will prevent its

ure use.
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AFFENDIX

This summary report was compiled from the special atudies
listed below, which contain the fully decumented analysis of the
Survey's technic2l experts. Inquiries oconcerning these reports
should be addressed to the G-2 Sectlion, U,3, Strategic Bombing Survey.

A‘l-

B.

c.

D‘I
E.

F.

Physical Damage Divislon Report on Hiroshima.

1., Object of Study
2. Summary

3., GCeneral Information

4+ Description of Target

5. HE Attacks on Hiroshima

6. Deseription of the Atomic Bomb Attacks

7. Determinaticn of Zerc Peints

8. Typlcal Japanese Dwelllngs

9. Fire: Cause and Extent

10. Damage to Bulldings

11, Damage to Machine Toola

12, Damage to Bridges

13. Demage to Services and Utilitles

14, Damage to Stacks

15. Probable Effects on Other Targets (Tentative)
16. Fhoto Intelligence

Physicel Damage Divislion Report on Nagasaki.

1. Summary and General Information
2. Industrial Buildings

3. Public Buildings

4. Utilities

5. Machine Tools

6. Bridges and Docks

7. Fire

B. Appendicea

Medical Divielon Report: "Effects of the Atomle Bombings
on the Public Health at Hiroshima and Nagasaki.

Urban Areas Divislion Reports on Hiroshima and Nagasaki,

Civilian Defense Divislon Repcrts on Japanese Civilian
Dafense.

Morale Division Report: "Effecta on Morale of t tomie
Bombings of Hiroshima and Ragasaki". =

Chairman's Office: "Japan's Decision to Surrender”.

—faﬁ-i- r'-"\._" [ |



