This is a hybrid Microfilm scan dump
combined with Photoshop reassembly
of split map images, as well as color
scans of portions of the actual document
from back when NARA let you check

out the RG77 (Manhattan District) Files.

It was through this | was able to recover
all of the damage analysis tables of
Hiroshima, as the Microfilm Copy of it
was too badly faded to be readable.

A few map images

Annex “A” To Tab “A” (Map)
Appendix “B” to Tab “A” (Map)

are from Alex Wellerstein's Blogpost
on this in 2012.
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" WAR DEPARTMENT
T P, O. Box 2610
WASHINGTON, D. C.

THiS DOCUMENT CONSISTS OF ... 1. PAGE(S)

W0, OF ... COPIES, SERIES 4.

© 26 Beptember 1945

~

.

MEMOHRANDUM FOR MAJOR GENERAL LAURIS ﬁORSTADl

1. Answering your memorandum of .15 Ssptember 1945 on the .
subject "Atomic Bomb Produotion", the following gereral comments
are submitted: ‘ K

2. The number of bombs for the minimum M-Day stock and the \
optimum stoak sre high becauze of the following faotorss

. ~ - - Ve
N 8y The utimatﬁhro based on an_area of totdl destrustion
‘and amounted to. four sguare miles with an outer bomb demage of 6,000
to 7,000 feet. An ares at least twios that should be used. While
the, dammged area of Nagasski was' considersbly less then that of
Hiroshima it was bsosuse the target was not suitable in size or shape
for the mhximm effectivensas of the bomb. A ‘
t._ b. Jt is nob essential to get total destruction of s olty'in
- .Grdér to destroy its effectiveness. Hiroshima no longer exists as »
olty sven though the area of total destruoction is considerably less
than tetal, . n oo o
»a. 0s Vhile st Hiroshima the frames of a number of reinforced
sonorete bulldings remained intect the windews were blown ocut snd the
interiora were gutted, While the birlldinga deuld be rebuilt they were
made unusable for a considerable period. The Nagasaki bomb . did more
demage to reinforced conorete buildings, While our studies are not
completed it is belisved the final results will show & greater radius
of destruetion for such buildings then is indiocated in the report.

T~ 8. In the limited time available no detailed anslysis-has been ..
;, made of-the report but my generul oconclusion would be that the number
© ¥ of bombs indicated as required; is exosssive, e

T SSIFIGATION CANCEZT . L. B
- C.

For the A dmini ‘ ' L. R. OROVES, .

and Develo - Mmjor General, U. 6. A.
JOUN K, HART 4 . - ,

e en
Div'isicm of Clussificatd
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'*"v " Aponzss nErLY To

conumm GENERAL, ARMY AIR FORCES

o e e O m

WAR DEPAR’TMENT
HEADQUARTERS OF THE ARMY AIR FORCES
' " . WASHINGTON, D. C.

- 15 September 1945 -

* MEMORANDUM FOR HAJOR GENERAL L. R. GROVES}

- N Subjects Atcmﬂ,c Bomb Production

.

1. The attached ‘study has ‘been’directed ta%m establishing. <
én official Army Air Forces' view as to the numbe} of atomic bombe

) whieh ghould be available in order to insure our national aecurity.
. 2. This paper i« still on 'bhe working level.

Prior o con-
cluding this study and forwarding it to the CG, AAF, your eomments
are requested.

Inel:.. , '
- Study abv ' Major Genersl, U.S.4.
subj w/'l‘aba 4,36 .

AC/AS-5.

SAETION, U.S, ENERGY -
DIVISION, OF CLASSIFICATIO
;Engﬁﬁﬂcﬂ AN\D DEVELOPMES’CT: ADM‘NISTBﬁTfi\Olg‘S ﬂz?g
INED THAT THIS D
g‘EE;g!l::éTED DATA OR FORMERLY HESTB‘?;%‘?II:;:- 3
ERDA i85 20 CBIECTIQN 7O 7S DECLAS .




LUATED

1. - To-determine the United Ste.tea requ:u-ements for ahﬁic bemb stockg.
. '/ ’

in the interlm poet—war era.
ASSUAPTIONS

2. It.is assumed that: o - o R R
oa, The United States must be prepared to conduct oi'fenslve operations -
against any other world power. or combination of powers.__
- b, The United States will maintain sufflcie\nt bases and atx forces
capable of attacking the stratng.c heart of any potentlal enemy.
e, The 1mmed1ate destruction of the enemy's will and capacity o

- reslst is the prlmary ob,jectJ.ve cf the United States Army Strateglc A:Lr Fomes.

' d. Extenslve research regarding the stratng.c vulnerabillty of all

N

maJor powers will be conducted later and will perm:Lt a more complete analysis
“of bomb requa.rements. ‘ _
“ FACTS BEARING ON THE PROELA

3. At the conclus:Lon of %World War II the UnJ.ted States first employed

the revolutlonary atomic bomb Only two such bombs were dropped on Japanr but
these were spectacularly successful Various condq.tlor:s l:uru.t the reliabllity
of mformatlon obtained on the properties of this weapon, and it\ is impossible
to catalogue the full capabJ.llt':Les of any bomb by dropping two, uatisfactor-y .
experimentatlon is extreme.ly dlfflcult. However, photo analst.s of the results .
~at Hiroshima indicates 5 .the radlus of destructlon to be appro:d.mately 7000. feet, } -

Tab‘ BH is g more complete desch.th.on of - the results of the Hiroshima bomb as

-

J.nterpreted from photo reconna:.ssance.
4. The characterlstlcs of th:Ls weapon are such that it cannot be regarded
~ as "Jjust another bomb " These bombs are very expensive, cannot be produced 1n
mass s require special’ storage condlta.ons, reun.re highly technlcal shlpment and
,' asse.mbly procedures, and’ must be s.ssembled and pJ a.ced on the ob,jectlve by

hJ.ghly skilled -and specially trained personnel

A. ﬂ..5. 'I‘here is no approved ‘production program for the atom_:i:c* bomb ¢ F
. I v o . - : y L

-
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‘strategic vulnerab:.llty prepared by MIS, WDGS, is presented as TAB “A“

i

DISCUSSIGN ,
6.' In/ determlm.ng the quantity of at,oxrﬁc bombs to be etocked it is
_hecessary to establish a ba.sic requ_lrement for theJ.r use. It is assumed
that the United Gtates may be required to, conmct‘mj;,litary‘ operations ageinst

any other nation or combination of nations in the"‘world’, and that, finding

"herself at war-with these powers, the United States would be desiroue of ’

immediately crippiing- the abillty' of the erlemy to wage war. It i1s to be noted

that the requ:.rements established in this paper contenplate an M—Day force

capable of being eamployed immediately upon J.n:.tiation of hostilities and the

éstimated quantities of bombs required must be availeble at that time. There '

has been no attempt to estimgt® the quantity of atomic bombs which woul:d be

required to conduct a prolonged war of, attrition, Therefore, the assumpt:l.on

*

was made that the initial mission of the air force units allocated for

" preparation, transportation, and delivery of these atomic bombs’ should be the
_ - —-

. ~ )
immediate destruction of the -enamy centers of industry, transpdrtation, and

)

An exhaustive analys:.s of . the strateglc vulnerablllty of all the nations
of the world would require extens:we research and consequently consume: time '
inconsistent w1th the u,rgent need to establlsh some definite prmcipals for the
employment of this powerful Weapon., Because of the unlimited poss:.ble appllca—

*
tions of the fundemental atomic energy in conjunction with future developments

of rockets and guided missiles, both in their propuls:.on and in’ the:Lr explos:.ve

characterlstlcs, it has been decided ‘Eo l::m:Lt the scope of this study to the

‘next ten years. During the perlod 1945 teo 1955 it is probable ‘that at the . -

beginning of any war, bombs will still Ye del:wered by the convent:.onal airplane.

Tt is-also obvious that dur:'mg this period Russia. and the United States w:|_ll be

“the outsta.nding military .powers. For' the purpose of "_tnis study the destruction

of the Russ:.an capability to wage war has therefore been useg as a basis upon

which to predlcate the UnJ.ted States, atomic bomb requz.rements. It is to be _ _

[ ———

nbted also from a geographlcal aspect alone, Russia is in the most favorable

strateglc pos:.t:Lon of any major power. An J.nvestigatlon of the Russlan

4
]
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capable of belng

estimated quantities of bombs required must be available at that time. There

has been no attempt to estimate the quantity of atomic bombs
required to conduct a prolonged war of attrition.

was made that the initial mission of the air force

preparation, transportation, and delivery of these atomic bombs should be the

the enemy centers of industry, transportation, and

1

in exhaustive analysis of the strategic vulnerability of all the nations
of the world would reguire extensive research and consecuently consume time

inconsistent with the urgent need to establish some definite principals for the
<o - A

employment of this powerful weapon. Because of the unlimited possible applica-
tions of the fundamental atomic energy in conjunction with future developments

of rockets and guided missiles, both in their propulsion and in their explosive

characteristics, it has been decided to limit the scope of this study to the

next ten years. During the period 1945 to 1955 it is probable that at the

beginning of any war, bombs will still be delivered by the conventional airplane.
Tt is also obvious that during this period Russia and the United States will be
the outstanding military powers. For the purpose of this study the destruction
of the Russian capability to wage war has therefore been used as a basis upon
which to predicate the United States atomic bomb recuirements. It is to be

noted also from a geographica

strategic position of any major power.

strategic vulnerability prepared by ! resented as TAB MAM,
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7 It ‘is to be emphaafﬁed that relieble infonmation on any phase of
Russian economy, 1ndustry, population and transportation is emtremely scarce
and that conditions are in a continual state of flux. ALl statistics presented
in TAB "A" are the best estlmates available. but must be -accepted only insofar
ag they provlde a basis for the present study.- ,

8., As a foundation, a list was complled of all Russian cities havlng any
. major strateglc importance. .These 66 cities were plotted on the map showmas
hppendix MA" to TAB HAK, Thls list 1s qulte comprehen81ve. The following
percentages of total Russian production are accomplished in these cities:

Alrcraft 954, tanks 97%, guns 73%, trucks 88%, steel L45%, oil reflning 95%
alumlnum 100%, lead 48%, nickel 60%, zine L4%. In addition, the majority of

all ball-bearing5 synthetic rubber, and machine tools are manufactured‘in these
‘aress, It 1s to be noted that the above statlstlcs malnly include basic end
heavy industry whlch is nonmally more remotely located than those 1ndustr1es
engaged in the manufacture of the end products., It is therefore loglcal to
assume that an even greater prOportlon of Russian total menuféactur ing is
concentrated in.these 66 clties which 1nclude all of Russia's large populationﬁ
and 1ndustr1al concentratlons -

" Twenty-one clties in Manchurla were also 1nvest1gated but were not.con—

51dered in the‘flnal computatlons ‘because hanchurla is mot an integral part of
- the USSR. Manchurlan 1nuustrlal potentlal is less than 10 percent of that of
the USSR and does not exceed 15 percent in any major item. -

9.' From the basie list,.a group of 15 first priority cities and a group

of 25 frrst and second prlorlty cltles were selected. The bar;charts on the

bottom of the same map, Appendlx A tO‘TAB ugn, give the percentages of maaor ST
industries cOntalned in the cities of each of the three categorles. From these
'charts, it "is readily. apparent that the bulkof all major 1ndustr1es upon’ which
i statistics sre available is concentrated in the fifteen first priority targets.

. Only in aluminum and 011 reflnlng is there any 51gn1f1cant increase in percent-
age prodnced between the first prlorlty_cltles and the total llst of citles.

‘ The primary obJsctlve for the appllcatlon of the atomlc bomb is manlfestly-

“the simultaneous destruction of these flfteen‘first priority targets. Based ort

»




7. Tt is to be emphasized that relizble information on any phase of
Russian economy, industry, population and transportation is extremely scarce
and that conditions are in a continual state of flux. All statistics presented
in TAB MA" are the best estimates available but must be accepted only insofar
as they provide a basis for the present study.

8. As a foundation, a list was compiled of all Russian cities having any
major strategic importance. These 66 cities were plotted on the map shownas

Appendix MWA" to TAB "A", This list is quite comprehensive. The following

percentages of total Russlan production are accomplished in these cities:

Aircraft 95%, tanks 97%, guns 73%, trucks steel 45%, oil refining 95%,

aluminum 100%, lead 48%, nickel 60%, zinc L44%. In addition, the majority of

d machine tools are manufactured in these

all ball-bearing, synthetic rubber, ar
areas. Tt is to be noted that the asbove statistics mainly include basic and
heavy industry which is normally more remotely located then those industries
engaged in the menufacture of the end products. Tt is therefore logical to
assume that an even greater proportion of Russian total manufactur ing is

=

concentrated in these 66 cities, which include all of Russia's large population
and industrial concentrations.
Twenty-one cities in Manchuria were also investigated but were not con-

sidered in the final computations because lanchuria is not an integral part of

the USSR. Manchurian industrial potential is less than 10 percent of that of

exceed 15 percent in any major item.

9. From the basic list, a group of 15 f

A

rst priority cities and a group

}.J.

f 25 first and second priority cities were selected. The bar-charts on the
bottom of the same map, Appendix A to TAB "A", give the percentages of major
industries contained in the cities of each of the three categories. From these
charts, it is readily apparent that the bulk of all major industries upon which
st

tistics are available is concentrated in the fifteen first priority targets.
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Only in aluminum and oil refining is there any significant increase in percent-

age produced between the first priority cities and the total list of cities.
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the simultaneous destruction of these fifteen first priority targets. Based on
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our eucper:.once, with the bombse dropped.to date, three well—placed bombs
would t«hrow a modern city of any size into chaos and defmitely :anape.citate
it for an appreciable period of time. Four of these cities would requ.ire
only two bombs and one city only obe bomb to eompletely destroy rthem.

Adding these individual requirements gives a total of 39 bombe as a minimum.

10, It is obvious that the immediate destruction of the complete list
of 66 cities would have an even more devaststing effect on ‘Russia. There-

4fore, an opt?.ﬂmwn'requiranentAvi‘e';-‘atom}c bomb- stocks, would be the number .
- hecessary to .oblit_erat'e all of thesé cities. As deduced in TAB "B", the
deetmctive area of eacb bomb is approximately 4 square miles. .

‘Il‘ab UM is an individual tabulation of-th% bomb requiremen_te'to‘ destroy
eaeh;‘;_o;f the entire 6(37 cit;es.. Iri assessing the necessary nmamber, of- bombs,
the cities were classified by size. For this purpose it was estimated that
'six‘bbn.lbs would.be sufficient for the largest city. The total requirement

~under this, sys% 15(%@11, bombs as- an optimun;. R '

11. An important function of the Army Air Force is the protection of

+ the United States.: This could be greatly :msured by the neutralization of.

PENSSEN

any enemy bases of possible counter-attack. The_abemi,c‘bomb is an idealq
weapon for this purpose. | N
The racﬁns of -any known operat:.onally proven long-range bomber is 2000
miles fér the B~29. Append_lx nen to Tab MAM illustrates the fact that ‘an
arc subtended 2000 miles from any area of strateglc importance in the Unlted
"States falls'upon‘areas u.nder—éur control or that ‘of nations frien%y to
ourselves. Hence, any ;/;tagonlst must set up and establlsh these bases within
ra.nge of our a:l.r forces. - It -is :merobable that an enemy would be capable of
establmsh‘ﬂrxg simul‘ha.neously more than 10 .such basess-  One bomb should effect—
ively neutrallze a.ny such e.n;:;liatlon. Therefore, an addltn.onal requirement
of ten bombs has been estﬁna.ted for thls_p&rpose. e . -
STt J.s to be noted that should the present range capa.bllltles be doubled
) or'-'suicide tactics (one—-wa.y trip) be used, strategic anfas of "sitherRussia
or the U(Jted States wou.ld ‘be w:.thln range of bases located in the ether
| ceunt;:'y. A ituat:.on u.nder these eondltlons would become a mammoth slug-fest

..h.. —




our experience with the bombs dropped to date, three we placed bombs

would throw a modern city of any size into chaos and definitely incapacitate
it for an apprecizble period of time. Four of these cities would require
only two bombs and one city only one bomb to completely destroy thern
Adding these individual requirements gives a total of 39 bombs as a minimum.
10. Tt is obvious that the immediate destruction of the complete list
of 66 cities would have an even more devastating effect on Russia. There-
fore, an optimum requirement for atomic bomb stocks would be the number

41

necessary to obliterate all of these cities. As deduced in T

1A the
destructive area of each bomb is approximately 4 square miles.

Tab "C" is an individual tabulation of the bomb requirements to destroy
each of the entire 66 cities. In assessing the necessary number of bombs,
the cities were classified by size. For this purpose it was estimated that
six bombs would be sufficient for the largest city. The total recuirement
under this system is 204 bombs as an optimum.

™

11. An important function of the Army Air Force

e

s the protection of

the United States. could be greatly insured by the neutralization of
any enemy bases of possible counter-attack. The atomic bomb is an ideal
weapon for this purpose.

The radius of any known operationally proven long-range bomber is 2000

C" to Tab #A" illustrates the fact that an

miles for the B-29. Append
arc subtended 2000 miles from any area of strategic importance in the United

States falls upon areas under our control or that of nations friendly to

must set up and establish these bases within

ourselves. Hence, any ar

range of our air forces. It is improbable that an enemy would be capable of
establishing simultaneously more than 10 such bases. One bomb should effect-

ively neutralize any such installation. Therefore, an additional requir ement

2

of ten bombs has been estimated for this purpose.

noted that should the present range capabilities be doubled

o

It is to be

(')

be used, strategic areas o

LN

or suicide tactics (one-way trip)
or the United States would be within range of bases located in the other

country. - A situation under these conditions would become a mammoth slug-fest
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in which the United States would attempt to defend her own v:Ltal installations
whlle launchipgra. knock-out blow at the enemy as it would obviously be :Lnipoasible
to neutralize all _enemy launchlng bases in his ovn;/ountry. Therefore, no
estimate of bombs needed for th:l.s purpose has been attempted. .
1z2. 'I’he role of the atomic bom‘b in tactically ,aiding the emplacing of ‘the

- forces to carry out this visualized program of destructi'on, hasnot besn ‘
neglected. Howevar; the complex:.tyi of the problem mekes detailed a.nalys:.s
extremely nebulous. . The destructlon of the enemy alr force has been discussed
above;/\ Experlmentation with the atomic bombs in direct- support of ground force
has not progressed to a po:.nt where it is possible to determine their use. It
is evident that they cannot be presently used in close stpport. The princlpal
tactical role would thus be in 1solatlon of the battlefleld This tactical
appllcatlon would probably be l:LmJ.téd J.nasmuch ds all transportation centers in
the USSR proper have aiready been considered in the list of strateglc cities. 7
Communications in other countries , wh:Lch might be over—ru.n by the enemy, muld
prob?.bly be interdJ.cted initially by pln—polnt application‘of the con?rentional
bomb, There are a few natural terrain ‘features ‘such as the Dardanelles, Ktel
Cs.nal and the Suez Canal, ‘which. are ex’ceptlons. An allotment of 10 bombs has
been reserved for this purpose \ . .

13. There tre no operational experlence factors svallable vmlchfg:losely é%

parallel the conditions under which this bomb woul#~be employed. However, from . .

" an analy31s of »‘B—29 operational”and training bombing statistics, including radar’
drops, it appears safe to assume a probability that over 7\5% of all bombs will
fall witl}in one-half of the destructlve raddus of ‘the bomb (3500'}. Probable
losses are also difficult to assess, Unléss caught' completely unaweres the

enemy wou.ld tenat:Lously resist these attacks by every means w1th.1n his power

g.ncludlng sulclde tactics. Our operations would be carried out u.nder the most

di{ficul'&conditions_ of weather, vast distances,  and fanatical opposition.

~N

vithout ‘delving closely into operational details it may be assumed that the -

United States would employ this. weapon in -8 manner as to insure the
' greatest possible chance of-the bombs being delivered. Thls must probably
/ include diversions, supporting bombw flghters s plus any known counter- .

‘measures to enemy defenses. Howevar, our dlffa.cultles must be expected‘ to
B I . N
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in wplch

while launching a knock-out blow at the enemy as uld obviously be impossible
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to neutralize all enemy launching base country. Therefore, no
estimate of bombs needed for this purpose has been attempted.

12. The role of the atomic bomb in tactically

the emplacing

forces to carry out this visualized program of destruction, has not been
lected. However, the complexity of the problem makes detailed analysis
extremely nebulous. The destruction of the enemy air force has been discussed
ab@ve.i Bxperimentation with the atomic bombs in direct support of ground force

5

has not progressed to a point where it is possible to determine their use. It

3 +

is evident that they cannot be presently used in close support. The principal

o

tactical role would thus be in isolation of the battlefield. This tactical
plication would probably be limited inasmuch as all transportation centers in

~

lered in the list of strategic cities.

Communications in other countries, which might be over-run by the enemy, would

probably be interdicted initially by pin-point application of the conventional

'
b

s the Dardanelles, Kiel
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bomb. There are a few natural terrain features such
Canal, and the Suez Canal, which are exceptions. An allotment of 10 bombs has
been reserved for this purpose.

13. There are no operational experience factors available which closely
parallel the conditions under which this bomb would be employed. However, from
an analysis of B-29 operational and training bombing statistics, including radar

; o

drops., it appears safe to assume a probability that over 75% of all bombs will
= 2 i

fall within one-half of the destructive radius of the bomb (3500'). Probable

0

losses are also difficult to assess. Unléss caught completely unawares the

enemy would tenatiously resist these attacks by every means within his power
including suicide tactics. Our operations would be carried out under the most
difficult conditions-of weather, vast distances, and fanatical opposition.
vithout delving closely into operational details it may be assumed that the
United States would employ this weapon in such a manner as to insure the

greatest possible chance of the bombs being delivered. This must probably

include diversions, supporting bombers and fighters, plus any known counter-
measures to enemy defenses. However, our difficulties must be expected to

SRR
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exdeed ‘those encountered by the Eighth Air Force in the early days of the

EurOPee.n"air offensive. Here the greatest percenta.ge' loss on any one mission |
vias 23% on the mission to Kassel and Oschersleben of 28 July 1943. A calculated
loss rate of 35% has been assumed for initial attacks until a degree of air
superiority has been pbtained, Integrating losses and bombing inaccuraciss it
is computed that L8%- of all bombs airborne will be effectively delivered.

"1k, Appendix- "B! to Tab MAM shows the range. %verage of the USSR by B-29’s
and B~36‘5 from the bases presently in our possession, from those,currently
proposed, a.nd from possible airbases peripheral to the USSR which might’ pDSsibly
be available.‘ It can readily be seen that the’ B—36 with a radius of 5000 miles,
can reach any port:.on of the USSR from bases in Alaska, but that the B-29- \cff‘
'only kreach the important Russla.n strategic centers from bases in Xurope and
Asia. Th:.s points out the necessity of rete.ming bases in BEurope and Asia until
the -B-36 becomes opera’ﬁional and the deslrablllty of retaining them longer,

15. It is to be n.oted_"that authoritatj.ve opinion believes the present bom13

to be an experimental model. Vast Enprevements ‘will undoubtedly be made which

will render the current modgl obsolescent. Practical planning would therefore
d:l.ctate only a limited dependence on the weapon in its present form ~- especlally

in view of the tremendous expenses involved. However, even if future developments

do antiquate our present type of bomb, it will still be more potent than anything

yet devised, and it will still have the same destructive capabilities it now

’

contains.

2 -
S

16, It is belleved tne sto'rage distribution of the atomic bomb is not
a critical f‘e.d‘bor in the' eterm:.natlon of requlrements. Necessary security, -
speclJ storage requ:.rements , and expense dictate that most- of the bombs should
" be centrally stored in the United States and dispatched to the stagmg bases
) ’

: :unmediately prior to their employment. Special consideration must be given to

the nged for having on hand for immediate use ‘at such a base as the Azores, a

small qus.ntity of these bombs. ] ~

17. There appears to be no requirement for a stock—-plle of atomic bombs
of lesser destr\,lctive power, The destructlve agent composes only a negl:.glble
pre'por'tion of t'he' vveight and volume of the present ‘bomb. Benefits deriv_ed from

. -6
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exceed those encountered by the Eighth Air Force in the early days of the

Buropean air offensive. Here the greatest percentage loss on any one mission

) &
was 28% on the mission to Kassel and Oschersleben of 28 July 1943. A calculated
loss rate of 355 has been assumed for initial attacks until a degree of air
superiority has been obtained. Integrating losses and bombing inaccuracies it

is computed that 48% of all bombs airborne will be effectively delivered.

1h. Appendix "B" to Tab "A" shows the range coverage of the USSH

and B-36's from the bases presently in our possession, from those currently

proposed, and from possible airbases peripheral to the USSR which might possibly

be available, It can readily be seen that the B-36, with a radius of 5000 miles,
can reach any portion of the USSR from bases in Alaska, but that the B-29 can
only reach the important Russian strategic centers from bases in Zurope and

Asia. This points out the necessity of retaining bases in Burope and Asia until

the B-36 becomes operational and the desirability of retaining them

}.‘J
o
[
(02}
[
=

15. It is to be noted that authoritative opinion believes the present bomb
to be an experimental model. Vast improvements will undoubtedly be made which
will render the current model obsolescent. Practical planning would therefore

dictate only a limited dependence on the wea present form -- especially

in view of the tremendous expenses involved. However, even if future developments

9
1

potent than anything

do anticquate our present type of bomb, it ¥
yet devised, and it will still have the same destructive capabilities it now
contains.

16. Tt is believed that the storage distribution of the atomic bomb is not

<o

a critical factor in the determination of reguirements.
special storage recuirements, and expense dictate that most of the bombs should
be centrally stored in the United States and dispatched to the staging bases
imnediately prior to their employment. Special consideration must be given to
the need for having on hand for immediate use at such a base as the Azores, a
small gquantity of these bombs.

17. There appears to be no requirement for a stock-pile of atomic bombs

of lesser destructive power. The destructive agent composes only a negligible

O
=

proportion the weight and volume of the present bomb. Benefits derived from




the uae of a small exploeive charge would not be realized in ease of delivery,
bv.t in more efficient utilization of the available quantities of the basic

explosive. Hence, ‘it is _desig-able that research be continued vcith a viavl to:'

< -

the aevelopmen’b of a cheaper atomic bmployment dur:.ng a prolonged
struggle aga.inst 1imited targets such as nava.l vesgels, ind:.vidua.l factories,

bridges, and other isolated targeta. - . T

- l&—hrsurmnary, 1t is cmpputed that the Unlted States requirements fer

stocks of atomic bombs are as follows: ) 7

Minimum

~

For incapacitetion of 15 first “For destruction of 66 cities of
_ priority targets - -39 ©  strategic importance - 204

© For neutralization of possible - For neiltralization of possible
enemy bases in the Western _ enemy bases in the Hestern
Hemisphere - " 10 * Hemisphere -

T
.

For Strategic isolation of the - ' - For Strategic 4isolation of bhe
battlefield - . .10 battlefield - - | 10
. : . ™ N
Total ° 59 s LT Total | 22k

Probable effectiveness factor — 48% - Probable effectiveness .faotor - L8

m:.n:unum f‘equiranent =’59' L A8 or Opt:unum requlrement ‘224 + 48 or
' 123 bombs o : ' 466 Hombs
| oONCLUSTONS
19. - It is concluded that the United States has a requirement for e .
minimum M—]?ay stock of 123 etomic bombs and an thiinuﬁx sto“;k ‘of 466 etqinic bombs.
‘ o RECOMMENDATTIONS |

. . ; ”
20, Tt is recomniended that : R - N

(l) The above requlrement be presented t,o Major General Groves, the

\ -

director of the atomi‘c\bomb project, and that his co:mnents be obtained.

(2) The basic study, with the cormnents of ﬁ-_e:neraf froves, be forwarded
to the Jo:Ln‘b Chiefs of Staff for use in the determinatlon of a production program
for the atomlmmb.

(3) The mlnilm@,requa.rauent derived in the basic study be accepted as
the :Lnltlal ba515 for es’clmating the scope of the Army Air Force atomic borgplng r
4

program.
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1. y L of |

s, ) » In preparing the statistical data for the
U.S.8.1. upon projsct is based, cortain problems had 4o
be overcome. These arose chiefly from the fact tiat in many instances
otaly up-to-date figures are laoking, whish has made it necewsary
oaloulations upon pre=way roports. In this eomnection, it 1s
mmhummuwwmmuummm.
in the course of the war and currently in the proowss of rebuilding or
to dotermine how lurge a proportion of their previcusly evacuated popu-
laticne have returned, Ithl}q‘dirtmutocwmﬁm-iu“m-
dustria) communities which have mushroomed during the course of the war
and whore, in many cases, major installations are outside the olty
proper, Imtrig.lmmunlfhmbjntmmuuhmmt
breakdown by community, while no census has been talen sines 1939, and
only scatierad reports on population shifts have been received. :

In order to present as complete and accurate a ploture as
possible 4t has besn necessary to sccspt aertain messuremant standsrds.
Fopulation figures given are based upon the 1939 cenaus 7]
ingorporate all known changes. Industrial importeme is upen
ostimated 19.&5 production, although it is recognised thet, using this
nethod, full weight camot be given to former ladustrial comsmindties
in areas overrun by the Cermans and now ia prooess of rebullding. Com-
munication centers and ofl producing areas ave rated on the basis of
latest svailuble information. Comsunity areas Kfe shown mudnly by

r, computation of 1939 atlas information corrected with any positive knowledge

ofmbuqumtomnguorjncmnmmﬂwduhmlymm
by adjuating sise proportionstely to population increase, .. -

) The cities selected for this pr\um erNl.nb a major portion

of Soviet economic installations. Based upon evidence at hand they in- =
clude: 95 percent of airplane output, 97 persent of tank cutput, 73
percent of guns, 88 percent of trucks, over 67 percent of crude oil,
L% parcent of stesl, alwost 100 percent of alumimm, 60 percent of
nickel, 48 percent of lead, Lk parecent of sins and 95 parcent of oil
rofining capucity. In sddition they include tlu\rljcfrlw of machine

and ball bearing plants, the majority of synthetle rubber

' fastorien, the main river and sesports and most of the main rallway

Junetions, . ~

b, Manchurlx Ares. In the absence of up~tosdate, relishle infor-
mation, poi;mﬁon aml area Tigures for Manohurian cities are hased
largely on the official Japanese census of 1540, The area included
within a municipality doss not necesswrily comprise only built-up portions
but -may*also embrace cutlying sections. Since Japanese ocoupation of

. ¥anehuria nany cities have been considerably developed through industrial







P T S————

s The situation in China is 2

any accurate asoount of Chinese Commmist arees.
However, it is known that the Commmists' war-time base areas eomtain
mot a wingle large oity; thwis industrial establishments are very Lweig-
nificant., Some of the large oities in liorth Chins which are wishdin the
sonw oocoupied by thw Japaness are, en the othear hand, wnder a
threat of being taken by the Chinese Comesiste-during the proosss of
t.tnmwuhroz.hpmudop- mmhuunrmuunm
Peiping and Tientsin with populaticns coosidersbly sbove 1,000,000, the
lutter city being an important mamfacturing oenter. Other
cities in North China with populations of 500,000 or less imalude Kusi-
sui, Ta~t'ung and Xalgan (Yan-ch'fian) in Imer liongolia, Tsiyuan (Yang-
chll), capitol of Sharel Provimes, Ch'ing-yusn (Peoting) in Hopeh Provinee,
Ch'in-huang-tao and Shan-hai-laan, important port cities in Hopeh ] »
Teinan and Teingteo in Shantung thno, ard Faifeng in Honen
Chinese Communist troops operasts in Lhe vicinity of all of these cn:lu




LIST OF CITIES OM SOVIET TERRITORY

Approx.
Ketimmtod Aren Priorisy

Populatien (mqad) Jnd. OA Xr
4,000, 000 o 1 31

2% of plans output,
mashinebuilding,
textils mille.

61% ‘of cxude oil output,

Novosibirsk

115 of gun owtpod,
u‘ozmolmm,

Thillsl 000 2 _ 3% of plane output.

cosk ' 000 5% of plane output,
I . 9% of tank output, tire
. : plant, uchinchudm

22% of plame outpus,
gun manufacture, oil
refinary, ballhearing
plant, machinebuilding.

(# Percentages ure of U.S.5.k. production)




APPLOX,
ratimated Ares

Koenigsberg
Odessa
Hostov-oi-bon
Dm;:ropet.ronk
Yaroslavl
Ivanwvo
Archangel
lannr«:vak

Tala

lolotoy

Astrakhan
Magnitogorsk

Vladivostck

425,000
420,000
102,000
1,00, 000
400,000

393,000
376,000

370,000
300,000
300,000
500,000
300,000

298,000

285,000
281,000
275,000

212,000
255,000 °

251,000
250,000

250,000

# Eatimate based upon no data,

Machinebuilding.

01l refineries,

13% of plane output.
Ammnition merufacture.
Trastor fastory,

Nashinebwilding.

8% of plame output,

oil refinery, ballbearing
plant, mashinebullding.
Shipbuilding.

Machinsbuilding.

Maghinetuilding.
Stesl Hil.'l}.

Steel Mill,

2% of truok output,
2% of oil refining,
synthstic rubber plants,

. Textile nills.

Iumbey wills,

1% of oil refining,
machinebuilding.,

Small arwe mamifacture,

174 of gun output,
oil refinery. >

Shipbutlding.

Yy | or_.tui output, :
shelloase manufacture,

Shlﬁhnildiu "
hinsbullding




117,000 L.O 3

»  Estimate based upon no data.

Light industries.

Oun mermCasture,
Mo

2% of plae output.

11X of ol refiming,
6% of crude ol output,
mashingbuilding.

16% of steel outpwt,
ZSSotmutm
gunnamlssture,

313 of tank sutpwt
Slofuuoloutpu:.,
machinebuilding,

Gun samlacture,

Machinebuilding.
115 of tank sutput.

Machinebmilding.

Oun smufseture, giant
rdtrogen plank.

Machinebuilding,

J'-’Sofphm

1% of eteed wmt, oil
refinory, shipbuilding,
mechinebuilding.

Shipbutlding.




Textile milly,
Machinebuildsng,

X of steq] viput, gum |
m. Nathing.

It of o) refining,

o1 nit-u-).

W% of lead output,

10K of o1 refining, .

3

3
3
3 .
3 3 iiotounfinh‘.

3 3 Mooy refining,

Total populetion of sit1eq 21,784, 600
Total ayrea of citiee; 901.3 square uiles

Wﬁatinhbauduponnodnu.




Gurey

-+ #terlitamak

Ishimbasvo
Neftedag
Ukhta

Total population of citles: 21,784,600
Total area of cities: 901.3 square miles

‘
## Ketimate based upon no data,

I

2 of steal output, gun
mamfesture, mashine-

uilding.

3% of oil refining.
041 refinery.

48% of lead output.
10% of oil refining.
Gun sm ufacture.

74 of oil refining,
60% of niexal output.

- 75% of aluminum output:--

Hail center.

3% of oil refining.

2% of oll r.fim.
1% of oil refining.
1’ of oil rofini.l L 1Y




3« LIGT oF 15 BBY OVIET CITILG

Hoscow
Bala
Hovosibirsk

Total population: 10,151,000
Total area: 277.3 square miles

3.  Combined Shave of Soviet Industrial Output

83% of airplanes 60% of oil refining
B6X of tenks 5% of alumimem
73% of guns 15% of copper

86X of trucks L% of sinc

L2% of stes) over 50% of ballbearings
674 of crude oilt

ortance

lst priority -~ 5 vities
<md priority ~ 3 citlies
3rd priority - 4 clties




ke LIGT CF 25 LeaDING SOVIXT CITIED

oscow ruibyshev
iandngred Kasan
Tashiemnt Xharikov
Bakun Saratoy
Novosibirsk (cdesea
Gorki

Sveprdlovek

Chelyabinsk

(mak

Totel population: 14,103,000
Total area: L56 square miles

Conbined Share of toviet Industrial Output

90% of airplanes 257 of aluwmimm

97% of tanks 15% of copper

T3% of gurm 60% of nickel

88% of trucks L% of dne

43% of steel majority of ballibearings

67% of crude oil majority of synthetic rubber
0% of oil refining

‘{ransport Dmportance

lst priority - 6 cities
2nd priority - 6 cities
3rd priority - 9 cities




Ares
. L3 & h.

1,200,000 {262.0) 1
101 sq. mi.

Dairen 850,000

58 sq.

660,000 (803.8)
310 eq.

‘600 000 (437.7)
1469 sq.

315,000 (303.6)
117 wa.

270,000 (91. 2)
35 e

215.0(” (mOz)
L8 »q.

180,000 (362.7)
14O 8q.

1]5,000 (16.6)

140,000 (114.8)
Wb ®q,

135, 000 (66.9)
26 »q.

130,000 (113.5)
bl 8.

LO% of looomotive and rolling steck

outpat; chief shiptuilding center)

nrmmmt;mmpm;
osmnt output; oll refinery

12% osment output; production of

Arucke, sutamokile engines, explo-

sives and ochemisale.

alisirm outputy 7% esment out-
} coumntry's largest oonl mines;
mlphnrh asid plant; 1 lvd.romp
tion plwst and 3 ohi-
with amual oapmecity of 3,933,4.00
barrels of refined products.

80% iron and stesl output. 33% lead
smolting output,

10% cemsnt output; synthetie rubber

capacity of 378,000
fined producta,

Synthetis oil plant with ammal
capacity of 249,600 barrels of
refined produsts. -

-

~f




Whu-umm;ms
owserk odpat, 7
Iron mamiasturing osnter.

s ofd with sstisated
wml mﬁt;l:;‘ 150,000 barrels
of refiosd produsts.

mmnuouﬂuaumhun
capasity of 150,000 barrels of
refined

Pad-ch' eng-tme::, . 20,000 B

~lu=t 335 lead smelting output; 90%
Hucluctae 5:?:? sine smelting output.

Total sime N B
) Total populstion:’ 5,245,000

Total ayea: 1310 square miles

E
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LIST OF SOURCKS

Doouments in Politipal Branch filss. (Top Secret)

Loonomics of Soejalist Indumtry, MHoscow, 1941. (Unciassified)
Soviet Information pulletin, liashington, & Jul Lk. (Unclassified)
[favds, 30 Dec k. (Unclaseified) . |

//sn, Mosoow, Cable 2337, 30 Jun, MIS J1 29 of 4 July., (Confidential)
doscow Radio, 15 Jul. (Umlugiﬁ.od)
SD, Mosoow, Cable 2630, 19 Jux, KI5 J1 119 of 2 Jul. (Confidential)

. ;kﬁ', lioscow, Peport 643, 3 Jul Ui, MIS 35778, (Secret)

NI3, Soviet Alrcraft Production, 1 May Li. (Secret)

8D, Xuibyshev, lteport 251, 15 Feb 43. (Confidential)

8D, Moseow, Alrmmil Rd, 28 Jun, WIS 189828, (Confidentisl)

Bureau of Mines, Mining Industries of the Soviet Unlon, fug Li. (Secrst)
8D, uoﬁo-, itaport.3, 29 Jan, MIS 159225, (Restricted)

5L, Loscow, lieport 1501, 23 Feb, MIS 160734, (Coundont.ul)
Igvestia, 5 Jul,’ (Uncl;luitiod) '

3D, Koscow, jwport 1384, 11 Jan, KI5 119106, (keatrioted)
Tikhookeunskaya .'vezda, 22 Jun Lk, (chlgam.d)

Irud, 6 Jul. (Uinclassified)

5D, uoai?‘ow, Cable 1793, 29 May, IS5 J1 151 of 31 May. (Confidential)
$n, loscow, Cable 260, 27 Jun, MIS JY ik of 1 Feb. (Confidential)
055, Rka 2094.3, 1 Feb, KI5 123408, (Confidential)

Great Soviet itles, Vol. 1I, Nosoow, 1939, (Unclassified)

g % of the U.5,5.1,, loscow, 1975, (Unclassified)

Ruseiun conosic Hotes, Ho. Li-1, 30 Jul 39. (Unclasaified)

Janis 73, Joint Army and Nevy Intelligense Study of Southeastern
Siberis, Feb 45, MIS 118036. (Secret)

058, REA 2750.4, 1 Jan, MIS 117569, (Confidentisl)

U.S. vmbasay Heport, loseow, 1 Sep Ah, KIS 87575, (Confidential)

U.S. Inmbassy fieport, Mosgow, L Dec hk, ¥IS 100417, (Confidential)




5, Moscow, heport 7, 2% Sep k3. {secret)
Official Map of the Ieople's Commissarist for Transport, 1940. (Unoclessified)
vooket Atlus Of the U.5.0.k., Moscow, 1941, (Uncluseified)

Loopomies of Transport, Foscow, 1941, (Unclaseified)
HA, Viadivostok, heport 13-hk, 8 Jun Lk, MIS $8L10. (Secret)

.’

ST, Moscow, Cable 2632, 19 Jul, KI5 J1 228 of 25 Jul. (Confidentisl)
ALUSHA, Woscow, 16 Jun Lk, ¥IS J1 78 of 20 Jun Lk, (Secret)

£h, Mescow, Cuble 2970, 20 hug, ¥I® J1 7 of 23 iug. (Secret)

10i, Moscow, Cable ki 25387, 22 iug, MI% JL 206 of 22 jug. (Secret)
ONI, Seriad Wo. 73-ih, 10 Jun ki, MIS LLBLT. (Secret)

The Far Vast Year Book 1941,

Hanchuria - China Travel Year Pook, 194k. -

Japan's Position in Liguid Fuels and Lubricantas {est.imate by Joint Far
East 011 Committee and Report preparsd by XI5 under the direction of
the Joint Far Hast C11 Committes) 10 August 1945. (Secret)

The Equipment und Capecity of the Iron and Steel Indufitry under Japanese
Control, Foreign I'conomic sdministration, Jumuary 1945. {Confidential)

Japausse Controlled Ceaemt Industry, Foreign beonumic idministration,
august 194k. (Confidential)

Comaittes of Operations inalysts Study on ‘Non-Ferrous Wetals, Noveaber,
1943, {(Seeret)

Target Jtudy Southern Manchuria, Headquarters Aliled ;‘\11- Torces, H.W.l.he,
15 July 1945. (Confidential)

Manchuria, 1931-1945, Ministry of Isonomic !??nrta?ro, January 1945, (Secrst)

Map of Japanese and Chinese Held ireus in Chine, 1:2,000,000 (overlay
Transportation Map, AMS 5201, shests Mo end k) March 1945 (Confi )

.
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©........ 500,000 le 1,000,000

. UNDER 250,000
.... 250,000 fo 500,000

. _..OVER 1,000,000

SELECTED CENTERS
_LINDUSTRIAL
.. 0IL PRODUCTION
. COMMUNICATIONS
__ PRIORITY RATING
. .AREA IN SQUARE MILES

CAL

100 200 300 400 500 6€C0

STATUTE MILES

\ \\\ .\

45° 50° 5

5o

60°

. \ L

75° 8

R
8

N

\ AR
\ }\\\\_\\\\\\\\\\_\\\\ \

X
3

5o

~°V°l('b:r||.

oKemerovo

o
Stalingk
/

90°

95°

IS SELECTED SOVIET CITIES (PRODUGTION PERCENTAGE)
T -

MOSCOW
BAKU
NOVOSIBIRS X
SORXI
SVERDLOYSK
CHELYABINSK
oMsK
KUIBYSHEY

JKAZAN

83 %

88

3

SARATOY
MOLOTOY
MAGNITOGORSK |
GROZNY

- STALINSK
NIZHN! TAGIL

44
MAJORITY

FLANES
TANKS

GUNS

TRUGCKS
STEEL

GRUDE QWL
OIL REFINING
ALUMINUM
COPPER

ZIHC

BALL BEARINGS

ToTaL POP.

10,181,600

25% 50% 75%

TOTAL AREA
277.3 SO.MILES

TRANSPORT IMPORTANGE — 1 ST PRIQRITY - 5 GITIES , & NO PRIQRITY ~ 3 CITIES, 3RD PRIDRITY- 4 CITIES

2% SELECTED SOVIET GITIES (PRODUCTION PERGENTAGE)

PLANES

Tb{“(s

GUNS

TRUCKS

SHEEL

R . . 61 GRUDE OIL
' 4 70 oiL

. BAKD, o
LENINGRAD, GORKI, 9 %
TASHKENT, OMSK, . 97
NOVOSIBIRS K
SYERDLOVSK
CHELYABINSK -
KUIBYSHEY, KAZAR,
KUANKOV, 0DES A,
sihaTov
YAROSLAYL , ORSK
KHABAROVSK

MoLoTOY {pr— 3
MAGNITOGORSK : l

REFINING

ALUMINUM
COPPER
NICKEL

IRKUTSK, GROZNY,
STALINSK
NIZHNT Tabl

60
KOMSOMOL SK 4

KIROV,
|
y ady ‘ ZING
TOTAL FOF -

TOTAC A
14,163,060 25% 50% 5% 156 85 micks

TRANSPORT IMPORTANGE — i ST PRIORITY- € GITIES, 2 NO PRICRITY - 6 GJTIES, 3RD PRIORITY - 9 CITIES

MAJORITY OF BALLBEARINGS ANO SYNTHETIC RUBBER

RUSSIAN CITIES (INDIGATEQ
" =

SCVIET INCUSTRIAL QUTPLT

COMBINED SHARE OF

TOTAL #OP
21,784,600

25% 50%

Y
MAJDRITY OF BALL BEARINGS , SYNTHETIC xUBEER, AND MA(

L

—




POPULATION CENTERS

UNDER 250,000
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...500,000 fo 1,000,000

OVER 1,000,000
SELECTED CENTERS
_INDUSTRIAL
...0IL PRODUCTION

....COMMUNICATIONS
-~ PRIORITY RATING
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15 SELECTED SOVIET CITIES (PRODUCTION PERCENTAGE)
. T

MOSCOW
BAKU

83 % PLANES

SVERDLOVSK
CHELYABINSK
oMsK
KUIBYSHEV

SARATOV
MOLOTOV

86 TANKS

GUNS

!
.
2

185

) MAJORITY

TRUCKS
STEEL
CRUDE OLL
OIL REFINING
ALUMINUM

" || coprer
ZiNe

BALL BEARINGS

10,151,000

25%. 50%

5 TOTAL AREA
% 277.3 SQ.MILES

TRANSPORT IMPORTANGE — 1 ST PRIORITY 25 GITIGS . ZND PRIORITY - 3GITIES, 3R0 PRIORITY- 4 GITIES
= ~

25 SELECTED SOVIET CITIES (PRODUCTION PERCENTAGE)

WOSCOW . BAKRU,
LENINGRAD, GORKI,
TASHKENT, OMSK

90 % |[ PLANES

RUSSIAN CITIES (INDICATED ON MAP)

TANKS

SVERDLOVSK
GHELYABINSK
KUIBYSHEV, KAZAN,

a GUNS
TRUCKS

KHARKOV, ODESSA,

STEEL

SARATOV
YAROSLAVL , ORSK

GRUDE OIL

MOLOTOV
MAGNITOGORSK
IRKUTSK, GROZNY,
STALINSK , KIROV,

OIL REFINING
ALUMINUM
COPPER

MZHNI TABIL
KOMSOMOLSK

NICKEL
I ad - || zive

COMBINED §SHARE OF

TOTAL POP

14,103,000

TOTAL AREA
. 25% 50% 75 %, - 456 SO MILES

>

SOVIET INDYSTRIAL OUTPUT]

25%

50%

V5%

PLANES
TANKS

GUNS
TRUCKS,
STEEL

CRUDE OIL
OILREFINING
ALUMINUM
CoPpER

N eeao

NICKEL
zine

TOTAL AREA
9013 So. MiLES

TRANSPORT IMPORTANCE — 1 ST PRIORITY- 6 CITIES, 2 ND PRIORITY- 6 CITIES, 3RD PRIORITY- 9 GITIES.

MAJOIRITY OF BALLBEARINGS AND SYNTHETIC w;uﬁ

OMBINED SHARE OF -
GHURIAN¢INDUSTRIAL

MAN

o
¥
3| ouTPUT

MANCHURIAN CITIES (INDICATED ON MAP)
T —

!

PLANES

RR.LOCO. B CARS.

IRON AND STEEL

T
I i
| 1

ALUMINUM

LEAD

oy
|

2iNG

CEMENT

OIL IEFINING

25% 50% 75%

3
25

o
S

Y OF TANKS, AUTOMOBILES - TRUGKS, CHEMICALSY AMMUNITION AND

TOTAL AREA
1310 SQ. MILES
WEAPONS
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m CORFIDERTIAL

1 September 194%

" JOINT TAKGET GHOUP
PHYSICAL VULNERAEILITY SECTION
SPRCIAL PROWECT PV-PE2

PHYSICAL DAMAGE TO HIROSHIMA FROM THE ATOMIC BOMB
~~ A PRELIMINARY iHALYSIS

i1, Summary

Thip report is an anelysis of the physical effects of the atomic bomb
on Hiroshima,. The analysis of the damsge is based solely on twenty-feur (24)
inch post-attack photographic cover (3PR/SM391 -~ 7 August 1945) and so this is
a preliminary report subject to revision when additional information is made
available from ground surveys or other photographic cover, The principal con-
clusions are as follows:

(a) The area damaged consists of a compact region of virtually total
destruction amounting to 112,5 million sq. ft. (4.0 8q. mi.) whose outer boundary
lies betwesn 6000 ft. snd 7000 fi., from the estimated center of impact, and in
addition an outlylng region of scattered damage whose exact extent cannot bLe
accurately determined from the wvailable post-attack phoi,ography. The best
estimate of the damage is given in Table 1 below:

1
i

Table 1

Percent of Building Plan irea Damaged within Various Annular Rings

stance from Estimated * Percent of Building
Center of Impact Plan Ares Damaged

0 to 6000 ft. . 100 percent
6000 to BOOO ft, 69
8000 to 10,000 ft. 56
10,000 to 12,000 ft. ~ a1
12,000 to 1,,000 ft. 12
14,000 to 16,000 ft. 3

L e s . )
(b) The type of damsge out to 7000 i, is a combination of blast and
fire, and beyond this distance is predominately blast.

(c) T™he analysis of damage by type of bullding construction reveals
one fact of major significance: nearly all concrete buildings remained apparently
intact. Of forty-eight (48) such buildings within the area of virtually total
destruction, two were completely destroyed and three partially destroyed. Beyond
7000 ft. two concrets buildings were observed in pre-sttack photography, and
neither of these appears to be damaged.

(d) The Mean Aren of Kffectiveness (MAE) of the bomb computed for struc-
tural and superficial damage to average industrial buildings (excluding those of
concrets construction) is 3000 million sq. ft. (10.7 sq. mi.). A comparable ¥AE
for the 2000 1b. G. P. bomb is 0.03 million sq. ft., which is 1/10,000 of that of
the atomic bomb. T 4
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1 September 1945
JOINT TARGET GROUP
PHYSICAL VULNERABILITY SECTION
SPECIAL PROJECT PV-P82
PHYSICAL DAMAGE TO HIROSHIMA FROM THE ATOMIC BOMB
~- A PRELIMINARY ANALYSIS
X Summary

This report is an analysis of the physical effects of the atomic bomb
on Hiroshima, The analysis of the damage is based solely on twenty-four (24)
inch post-attack photographic cover (3PR/5M39L -- 7 August 1945) and so this is
a preliminary report subject to revision when additional information is made
available from ground surveys or other photographic cover, The principal con~-
clusions are as follows:

(a) The area damaged consists of a compact region of virtually total
destruciion amounting to 112.5 million sq. ft. (4.0 sq. mi.) whose outer boundary
lies between 6000 ft. snd 7000 fi. from the estimated center of impact, and in
addition an outlying region of scattered damage whose exact extent cannot bLe
accurately determined from the available post-attack photography. The best

available estimate of the damage is given in Table 1 below:

Table 1

Percent of Building Plan Area Damaged within Various Annular Rings

istance from Estimated Percent of Building
. ¢ Center of Impact Plan Ares Damaged

C to 6000 ft. 100 percent
6000 to 8000 ft. 69
8000 to 10,000 ft. 56
10,000 to 12,000 ft. 31
12,000 to 14,000 ft. 12
14,000 to 16,000 ft. 3

(b) The type of damage out to 7000 ft. is a combination of blast and
fire, and beyond this distance is predominately blast.

(¢) The snalysis of damage by type of building construction reveals
one fact of major significance: nearly sll concrete buildings remained apparently
intact. Of forty-eight (48) such buildings within the area of virtually total
destruction, two were completely destroyed and three partially destroyed. Beyond
7000 ft, two concrete buildings were observed in pre-attack photography, and
neither of these appears to be damaged.

(d) The Mean Area of Lffectiveness (MiZ) of the bomb computed for strue-
tural and superficial damage to average industrial buildings (excluding those of
concrete construction) is 3000 million sq. ft. (10.7 8ge mi.). A comparable MAE

for the 2000 1b. G. P. bomb is 0.03 million sq. ft., which is 1/10,000 of that of
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2. Area Damaged.

oy
In determining the ratio of destruction to districts, circles with
1000 ft. and 2000 ft. radii were used. The center of these circles is a2t _
the estimated center of impsct. In the absence of & crater &nd in the absence
of strike photographs from which the bamb's trajectory could be computed, this
center was located by en examination of the damage. Its position is probably
correct to within 500 ft. ‘

. This tabulation, howsver, does not give a complete picture of the
expent of damage; for there is much scuttered demage beyond the ares of virtuelly
total destruction. The qulaity of the post-attack photography does not permit
a detelled examination of the damage to each building in these outlying regicns.
The best that can be done is to assess the damage to the larger buildings in the
more important industrial, militery, and public installationa. The percent of
theae buildings damaged at a given distance from the center of jimpact may thsn
be taken as an estimate of the percent of damage to all buildings at that distence,
In support of this method of estimation, it should be noted that although the
larger buildings present a larger area to the blast wave and hence might be
expected to receive more dumage than the small buildings, on the other hand the
larger buildings are stronger and less vulnerable to damage than the smaller
buildings which are chiefly residences. In the opinion of experienced dsmage
analysts, these two effects largely cancel each other. A study of the damage
to these larger buildings is presented in /Appendix C, and the results have been
sumiarized in Table 1 above. .

- -

3. Iype of Damage.

Within the area of virtually total destruction the damage is due to
s combination of blast and fire. There is little evidence of fire damage ocutside
this area except in a few cases where fires were probably started by secondary
explosions (such as that of the gas works) rather than by the bomb itself. The
predominant cause of demage beyond 7000 ft. is blast,

4+ Damage l;y Type of Building Construction.

Variations in the type of building constructlion are found prineipally
in the industrial, military, and public installations of the city. The vulnera-
bility characteristics of these installations determined from an examination of
all available pre-attack photography are set forth in Appendix B, The classi-
tications used are those adopted by the Joint Target Group for the conventional
weapons, These are explained in Appendix A,

There was no damage to V1 and V2 buildings exdept in the portion of
Target 54 which is nearest to the polnt of impact of the bomb, Destruction of V3~
and V4 buildings was complete out to the “ft. ring, and from then on there was
scattered damage which showed no pronounced difference between the categorles.
There is no apparent relationship between the combustibility of the buildings and

the zmoint of damege to them. N

In Appendix C part of the data from Appendix B has been rearranged to
show the dependence of the amount of damage, by vulnerability category, upon the
diatence of the target from the point of impact. V3 and Vi are combined and no
reference is made to the combustibility categories. This information is used in
pection 5 below to caleulate the Mean Arca of Effectiveness of the bomb.

An exceptional and remarkable feature of the damage is the large number
“of concrete buildings which remained apparently intact after the explosion.




2. Area Damaged.
: "

In determining the ratio of destruction to districts, circles with
1000 ft. and 2000 ft. 'radii were used. The center of these circles is atsy
the estimated center of impact. In the absence of a2 crater snd in the absene
of strike photographs from which the bomb's trajectory could be computed, this
center was located by an examination of the damage. Its position is probably k.
correct to within 500 ft. : Sy

This tabulation, however, does not give a complete picture of the
extent of damage; for there is much scattered dsmage beyond the area of virtueslly
totel destruction. The qulaity of the post-attack photography does not permit
a detailed examination of the damage to each building in these outlying regions.
The best that can be done is to assess the damage to the larger buildings in the
more important industrial, military, and public installations. The percent of
these buildings damaged at & given distance from the center of impact may then
be taken as an estimate of the percent of damage to all buildings at that distance,
In support of this method of estimation, it should be noted that although the
larger buildings present a larger area to the blast wave and hence might be
expected to receive more damage than the small buildings, on the other hand the
larger buildings are stronger and less vulnerable to damage then the smaller
buildings which are chiefly residences. In the opinion of experienced damage
analysts, these two effects largely cancel each other., A study of the damage
to these larger buildings is presented in Appendix C, and the results have been
summarized in Table 1 above.

3., Iype of Damage.

Within the area of virtually total destruction the damage is due to
a combination of blast and fire. There is little evidence of fire damage outside
this area except in a few cases where fires were probably started by secondary
explosions (such as that of the gas works) rather than by the bomb itself. The
predominant cause of damage beyond 7000 ft. is blast,

Lo Damage by Type of Building Construction.

Variations in the type of building construction are found principally
in the industrial, military, and public installations of the city. The vulnera-
bility characteristics of these installations determined from an examination of
all available pre-attack photography are set forth in Appendix B, The classi-
fications used are those adopted by the Joint Target Group for the conventional
weapons. These are explained in Appendix A.

There was no damage to V1 and V2 buildings except in the portion of
Target 54 which is nearest to the point of impact of the bomb, Destruction of V3
and V4 buildings was complete out to the 6000 ft. ring, and from then on there was
scattered damage which showed no pronounced difference between the categories.
There is no apparent relationship between the combustibility of the buildings and

' the amount of damage to them.

In Appendix C part of the data from Appendix B has been rearranged to
show the dependence of the amount of damage, by vulnerability category, upon the
distance of the target from the point of impact. V3 and V4 are combined and no
reference is made to the combustibility categories, This information is used in
section 5 below to calculate the Mean Arca of Effectiveness of the bomb,

An exceptional and remarkable feature of the damage is the large number
of concrete buildings which remained apparently intact after the explosion.
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Mhethor or not there is internal demage td these bulldings mast be determined
by a grownd survey. The nuwber, location, and damage sustained by these baild-
ings is shown in Table 2.

Table 2.
Damage Lo Concrete Buildings
Distance from Center  Total Mo, of Number partially ¥o. Completely
of impact / __Bajldinge Destroyed Destroyed
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<. Mean Area of Effectiveness.

The mean area of sffectiveness of the atomic bomb for structural and
superficial damage to V3 and ¥4 buildings (which are average multi-story and
single story industrial budidings respsctively) was computed to be 300(millien .
sq. ft. or 0.7 #q. ml. This should be interpreted to mean that if a targst
of whlimited extent were completely builtup with buildings of this typs, the
damage would have besn 10,7 sq. mi. of course, is in excess of the 4.0
8q. mi. of damage atated for the area of virtually complete destruction. The
tigure of 4.0 sq. mi. does aot inolude additional scattered demage, much of which
could not be measured on the avsilable photogrephy, nor doss it teke into account
outlying regions which were within resch of the effects of the bomb but which

were in fact not builtup. .

% - The computatiom was performed: by ‘the Mannular ring method", In this

method the percent of building plan area damaged within successive 2000 ft.
annalar rings was determined. The sum of the ground areas of each respective
ring multiplied by the applicable percentage gives the Masn Area of Effectivensss.
The peroentages ussd are given in Table 1 which is based upon the data listed in

Appendix C. -
6. D__l_._ln H Ul‘ba:n Area @”- -

In the Joint Target Group analyses of incendlary sttacks on usban areas,
down the damage by urban area scnes such as Besi-
This soning served two
valnerability of the several
, and (2) it contribated to the econcmic assessment of the
In the case of the atomic bomb attack on Hiroshims all of the’ xones -appsar
_ to have been eqaally vulnsrable to the sxplosion, As an aid to the economic asses-
5 sment of the dimage the following breakdown has been ug:\ of the distribution of




Whether or not there is internal damage to these buildings must be determined
by a ground survey. The number, location, and damage sustained by these build-
ings is shown in Table 2,

Table 2.

Damage to Concrete Buildings

Distance from Center Total No. of Number partially No. Completely
of impact Buildings Destroyed Destroyed
0 to 1000 ft. 10 1 1
1000 to 2000 ft. i3 1 0
2000 to 3000 ft. 5 0 0
3000 to 4000 ft. 7 0 0
LOOO to 5000 ft. . 0 0
5000 to 6000 ft. 10 X 1
6000 to 7000 ft. 0 0 0
7000 to 8000 ft. 0 0 0
8000 to 9000 ft. : & 0 0
9000 to 10,000 ft. o 0 0
10,000 to 11,000 ft. 1 0 0
beyond 11,000 ft. 0 0 0
Total 50 3 2

5._Kean Area of Effectiveness.

The mean area of effectiveness of the atomic bomb for structural and
superficial damage to V3 and V4 buildings (which are average multi-story and
single story industrial buildings respectively) was computed to be 300(million
sq, ft. or 10.7 sq. mi, This should be interpreted to mean that if a target
of unlimited extent were completely builtup with buildings of this type, the
damage would have been 10.7 sq. mi., This, of course, is in excess of the 4.0
sq. mi. of damage stated for the area of virtually complete destruction. The
figure of 4,0 sq. mi. does not include additional scattered damage, much of which
could not be measured on the available photography, nor does it take into account
ocutlying regions which were within reach of the effects of the bomb but which
were in fact not builtup.

The computation was performed by the "annular ring method". 1In this
method the percent of building plan area damaged within successive 2000 ft.
annular rings was determined. The sum of the ground areas of each respective
ring multiplied by the applicable percentage gives the Mean Area of Effectiveness.
The percentages used are given in Table 1 which is based upon the data listed in

Appendix C.

6o Damage by Urban Area Zones.

In the Joint Target Group analyses of incendiary attacks on urban areas,
it has been customary to break down the damage by urban area zones such as Resi-
dential, Manufacturing, Storage, Transportation, etc. This zoning served two
purposes: (1) it made possible a study of the relative vulnerability of the several
zones to incendiary attacks, and (2) it contributed to the economic assessment of the
damage. In the case of the atomic bomb attack on Hiroshima all of the zones appear
to have been equally vulnerable to the explosion, As an aid to the eccnomic asses-
sment of the damage the following breaskdown has been made of the distribution of




the ares of total destruction among the severs) zones. It should be recalled
that this includes only the central arsa of damage and does not take into ae-
oount the owtlying scattered damage. For an saxplanation of the notation used
see Appendix A. ’

Table 3
‘I_)E‘o Besulting from Atomic Attack - Hiroshima Urban Area

Pre-sttack ares* ' Post, At
Zons Growd: S Builtup Boof Grownd ares Area
Resfdential -
) 76.6 42 ; 59.5 or T6% 26,8 or 83§
Ry 127.4 BN W R 0.0 328
B, .7 : 3.5 5% O A8
~ 508 X 1.9 - ’ 1.3 6es Ok 998

. Total .£83.6 : : 105.6 38.6-

X 48.1 Lhok
s 29.8 5.7
T 6.3 0.9
50% X " 1.9 0.k 1.3

Total 86,1 F) WA 6.9

e

* All areas are given in aillipns of squar¥-feet,




the area of total destruction among the several zones. It should be recalled
that this includes only the central area of damage and does not take into ac-
count the outlying scattered damage, For an explanation of the notation used
see Appendix A.

Table 3
Damage Resulting from Atomic Attack - Hiroshima Urban Area
Pre-attack area® Post Attack
Zone Ground £ Builtup Roof Ground area Roof Area
Damage Damage

Hesidential

Rl 76. 6 llz 3202 59. 5 Or 78% 26. 8 or 83%
Ry 127.4 27 3L 41,3 32% 11.0 328
Rg 7.7 12 93 3¢5 5% Ouk LE
50% X 1.9 22 ok 1.3 68% 0.4 99%
Total  283.6 76.3 105.6  37% 38.6 51%
Industrisl

M 48.1 30 144 3.3 7% 1.5 10%
s 29.8 19 5.7 1.4 5% 0.3 5%
T 6.3 1, 0.9 0.9 4% 0.2 22%
50% X 1.9 22 (A 1.3 683 Ok  99%
Total 86,1 21.4 6.9 25% 24 11%

% All areas are given in millions of square feet,




APPIMDIX A
7
Explanation of Notations Used

HE iulnarnbilit.y Classes

The symbols V1, V2, V3, Vi, and V5 denote the relative vulnerabi-
lities of buildings to dmgo from HE bombs. V1 1s the least vulnerable and
V5 1o the most vulnerable. A detailed discussion of the structural types
comprising these classes is ginn in Joint Target Group Memorandum 8. The
following brief description, however, is sdequate for most purposes:

V1 Reinforced concrete, multi-story, earthquake resistant
structures.

V2 Inudstrial structures seentaining travelling cranes,

-

- . .
V3 Typlcsl milti-story industrial buildings, not specially
/ resistant to urthqunkos.

V4 Typical single story, shed-type industrial structures;
also all amell buildings,

V5 irched hanger type buildings.

IB Vulnerability Classes

R = Fire resistive: Buildings which have no significamt amount of
combustible materisl in the structure and which will withstand all but the
most intense fire without structural damage.

N - Noncoabustible: Bulldings which have no nigniﬁcant amount of _
combustible material in the structure, but whou structure is susceptible
to damage by fire in the contents,

: .C = Combustible: Buildings whose roof and/or walls are constructed
of conbu-t&lbio/ material. The floors, except the ground floor, are required
to be of nimilar conatruct.ion.

£y

Urban Ares Zones

Ry = Residential (fully builtup, 4O percent and over).

R, - Residential (moderately builtup, 20 £6 4O percent).

Ry - Residential (-p&rul}"vbuilt.up, 5 to 20 porcent).
K - Manufacturing.

X =~ Mixed industrial and residential.

T - Transportation.

S - Storage.

Special Notations.

N.C. (appearing in Appendices B and C) mean "No cover", Where it
appesrs in these tables, either there ¥Wus no damage cover of a particular in-
stallation or the available cover was cloud covered or of such poor qnality
that no damage assessment could be made,

© ? « Unknown.




APPENDIX A

Explanation of Notations Used

HE Vulnerability Classes

The symbols V1, V2, V3, V4, and V5 denote the relative vulnerabi-
lities of buildings to damage from HE bombs. V1 is the least vulnerable and
V5 is the most vulnerable. A detailed discussion of the structural types
comprising these classes is given in Joint Target Group Memorandum 8. The
following brief description, however, is adequate for most purposes:

V1 Reinforced concrete, multi-story, earthquake resistant
structures,

V2 Inudstrial structures containing travelling cranes.

V3 Typical multi-story industrial buildings, not specially
resistant to earthquakes.

Vi Typical single story, shed-type industrial structures;
also all small buildings.

V5 Arched hanger type buildings.

IE Vulnerability Classes

R = Fire resistive: Buildings which have no significant amount of
combustible material in the structure and which will withstand all but the
most intense fire without structural damage.

N - Noncombustible: Buildings which have no significant amount of
combustible material in the structure, but whose structure is susceptible
to damage by fire in the contents.

C - Combustible: Buildings whose roof and/or walls are constructed
of combustible material. The floors, except the ground floor, are required
to be of similar construction.

Urban Area Zones

Ry = Residential (fully builtup, 40 percent and over).
Ry « Residential (moderately builtup, 20 to 40 percent).
Ry - Residential (sparsely builtup, 5 to 20 percent).

M - Manufacturing.

X - Mixed industrial and residential.

T - Trensportation.

& - Storage.

Special Notations.

N.C. (appearing in Appendices B and C) mean "Ho cover". Where it
appesrs in these tables, either there was no damage cover of a particular in-
stallation or the available cover was cloud covered or of such poor quality
that no damage assessment could be made.

2 « Unknown.
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Satts oM 4. M

o = et BT
Damage Analysis of Annotated Targets

Anno- Dig- 141 ve VI and Vb4 Other
ta- tance Total % 4 4 $ 4 < % % LI
tion 1000 Roof Area Damage Pre- DPre- Pre- Pre- a9
Distance from Center of Impect No. ft. 1000 sq ft sent Damnge sent Damage sent Damage sent Demage g Remarks L
Between 8000' and 10,000' 10 8.1 90 90% - .= em = 100% 90% - - Blast ?
31 sa 350 60% =  e=  a= = 1008 60F == - £ ie)
32 8.3 500 ¥.C. =  e=  e= == 100§ ? S N
23 8.3 150 15% - m= ee == 1008 15% -
36 8.3 70 95% -~ == == == 1004 95¢ - - Blaet
164 8.4 80 95% - == es e 1008 95% = Fire and dlast
16 8.6 o] g5% - -— - - 100% 85%¢ - - Blaet
57 8.7 760 of B i ol i 5% 0% ,;;;'“Si beds
35 S.0 10 104 o= == == == 100% 108 e- o
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ESTIMATED BOME REQUIRELENTS FOR DESTRUCTION OF

RUSSIAN STRATEGIC AREAS

» . AREA OF CITY
CITY N SQ. MIIES

Moscow 110.0
Ieningrad L0k
Tashkent 28.9
Baku 7.0
Novosibirsk 22.0
Gorki g l 13.5
Sverdlo:r§k . 20.2
Chelyabinsk 1.5
Tbilisi | 12.7
Omsk L ) 6.6
Kuibys'hev
Kiev
Lvov
_ Kazan
Alma Ate
Kharkov
Riga
Saratov
Koeni‘gsberg
Odessa
Rostov-on-Don
D‘peprtLD_LﬂlxtQvsk‘~
"stalino )
Yaroslavl
]Eva.novo
Archangel
Khabarov&

~Tula b
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vg;gg_ _ NO. OF BOMBS
lolotév -
Astrakhan
‘Magnitogorsk
Vladivostok:
Stalingrad
'Ufa'
Irkutsk
Vilna |
~Voronezh
Izhevsk
chkﬁloyzt
Grozny
Stalinsk
Nighni Tagi;
Penza
Minsk’
iirov
Tallinn
“Kemerovo

Ulan Ude

Komsdmoiﬂg x;;'

Murmansk
Eglostok
Vitebsk
Zlatoust
Mékhach’Kala
' Syzran
Chimkent
Batum
Kovrov
Orsk

Kamensk
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' _ AREA OF CITY
CITY, I 8G.MITES

b5 | 1

Brest Litt;vsk
Gurev ' 440
Sterlitamak 34
-Ishimbaevo 4.0

%ftedag " 4.0 ‘

Ukhta ) R 4.0

TOTAL - 66 Cities
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