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SAVE
WAR DEPARTMENT

P. O. Box 2610
WASHINGTON, D. C.

REFER TO FILE NO. THIS DOCUMENT CONSISTS OF

26 September 1945

MEMORANDUM FOR MAJOR GENERAL LAURIS NORSTAD:

1. Answering your memorandum of 15 September 1945 on the
subject "itonie Bomb Production", the following general comments
are submitted:

2. The number of bombs for the minimum N-Day stock and the
optimum stock are high because of the following factors:

The estimates are based on an area of total destruction

and amounted to four square miles with an outer bomb damage of to 7,000 feet. An area at least twice that should be used.
the damaged area of Nagasaki was considerably less than that of

it was because the target was not suitable in size or shape
for themaximum effectiveness of the bomb.

order to destroy its erfectiveness.
It is not essential to get total destruction of a oity in

Hiroshima no longer exists as a
city even though the area of total destruction is considerably less

While at Hiroshima the frames of a number of reinforced

concrete buildings remained Intact the windows were blown out and theinteriors were gutted. While the buildings could be rebuilt they were
made unusable for a considerable period. The Nagasaki bomb did more
demage to reinforced concrete buildings. While our studies are not
completed it is believed the final results will show a greater radius
of destruction for such buildings than is indicated in the report.

In the limited time available no detailed analysis has been
made of the report but my general conclusion would be that the number
of bombs indicated as required, is excessive.
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LIMITED

1. To determine the United States for atomic bomb stocks

in the interim post-war era.

ASSUMPTIONS
2. It is assuned that :

a. The United States must be prepared to conduct offensive operations

against any other world power or combination of powers.

b. The United States will maintain sufficient bases and air forces

capable of attacking the strategic heart of any potential enemy.

c. The immediate destruction of the enemy's will and capacity to

resist is the primary objective of the United States Army Strategic Air Forces.

d. Extensive research regarding the strategic vulnerability of all

major powers will be conducted later and will permit a more complete analysis

of bomb requirements.

FACTS BEARING ON THE PROBLE

3. At the conclusion of World War II the United States first employed

the revolutionary atomic bomb. Only two such bombs were dropped on Japan but

these were spectacularly successful. Various conditions limit the reliability

of information obtained on the properties of this weapon, and it is impossible

to catalogue the full capabilities of any bomb by dropping two. Satisfactory

experimentation is extrenely difficult. However, photo analysis of the results

at Hiroshima indicates the radius of destruction to be approximately 7000 feet. +

Tab "B" is a more complete description of the results of the Hiroshima bomb as

interpreted from photo reconnaissance.

4. The characteristics of this weapon are such that it cannot be regarded
as "just another bomb." These bombs are very expensive, cannot be produced in

mass, require special storage conditions, require highly technical shipment and

assembly procedures, and must be assembled and placed on the objective by

highly skilled and specially trained personnel.

5. There is no approved production progran for the atomic bomb.



DISCUSSION
6. In determining the quantity of atomic bombs to be stocked, it is

necessary to establish a basic requirement for their use. It is assumed

that the United States may be required to conduct military operations against
any other nation or combination of nations in the world, and that, finding

herself at war with these powers, the United States would be desirous of

immediately crippling the ability of the enemy to wage war. It is to be noted

that the requirements established in this paper contemplate an M-Day force

capable of being employed immediately upon initiation of hostilities and the

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

has been no attempt to estimate the quantity of atomic bombs which would be

required to conduct a prolonged war of attrition. Therefore, the assumption

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 enemy centers of industry, transportation, and

population.

An exhaustive analysis of the strategic vulnerability of all the nations

of the world would require extensive research and consequently consume time

inconsistent with the urgent need to establish some definite principals for the

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.

It 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 requirements. It is to be

noted also from a geographical aspect alone, Russia is in the most favorable

strategic position of any major power. An investigation of the Fussian

strategic vulnerability prepared by MIS, WDGS, is presented as TAB "A".
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%. It is to be emphasized that reliable information on any phase of

Hussian economy, industry, population and transportation is extremely scarce

and that conditions are in a continual state of flux. All statistics presented

in TAB "A" are the best estimates available but must be accepted only insofar

as they provide a basis for the presentstudy.

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

percentages of total Russian production are accomplished in these cities:

Aircraft 95%, tanks 97%, guns 73%, trucks 88, steel 45, oil refining 95%,

aluminum 100%, lead 48, nickel 60%, zinc 44%. In addition, the majority of

all ball-bearing, synthetic rubber, and machine tools are manufactured in these

areas. It is to be noted that the above statistics mainly include basic and

heavy industry which is normally more remotely located than those industries

engaged in the manufacture of the end products. It is therefore logical to

assume that an even greater proportion of Russian total manufacturing 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 Manchuria is not an integral part of

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

the USSR and does not exceed 15 percent in any major item.

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

of 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

statistics are available is concentrated in the fifteen first priority targets.

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.

The primary objective for the application of the atomic bomb is manifestly

the simultaneous destruction of these fifteen first priority targets. Based on
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our experience with the bombs dropped to date, three well-placed bombs

would throw a modern city of any size into chaos and definitely incapacitate

it for an appreciable period of time. Four ofthese cities would require

only two bombs and one city only one bomb to completely destroy them.

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

10. It 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

necessary to obliterate all of these cities. As deduced in TAB "B", 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 nunber 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 requirement

under this system is 204 bombs as an optimum.

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

the United States. This 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 ofany known operationally proven long-range bomber is 2000

miles for the B-29. Appendix "C" to Tab "A" illustrates the fact that an

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

ourselves. Hence, any antagonist must set up and establish these bases within

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 requirement

of ten bombs has been estimated for this purpose.

It is to be noted that should the present range capabilities be doubled

or suicide tactics (one-way trip) be used, strategic areas of either Russia

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 vital installations

while launching a knock-out blow at the enemy as it would obviously be impossible

to neutralize all enemy launching bases in his own country. Therefore, no

estimate of bombs needed for this purpose has been attempted.

12. The role of the atomic bomb in tactically aiding the emplacing of the
forces to carry out this visualized program of destruction, has not been
neglected.However, the complexity of the problem makes detailed analysis
extremely nebulous. The destruction of the enemy air force has been discussed

above. Experimentation with the atomic bombs in direct support of ground force

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

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

tactical role would thus be in isolation of the battlefield. This tactical

application would probably be limited inasmuch as all transportation centers in

the USSR proper have already been considered 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

bomb. There are a few natural terrain features such as the Dardanelles, Kiel
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 operationaland training bombing statistics, including radar

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

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

losses are also difficut to assess. Unless 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.

ithout 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

BRET
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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 35% 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.

14. Appendix "3" to Tab "A"' shows the range coverage of the USSH by B-29's

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 Pussian strategic centers from bases in Jurope and

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

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

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 weapon in its present form - especially

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.

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

a critical factor in the determination of recuirements. Necessary security,

special storage requirements, 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 inmediate use at such a base as the Azores, a

small quantity 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

proportion of the weight and volume of the present bomb. Benefits derived from
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the use of a small explosive charge would not be realized in ease of delivery,

but in more efficient utilization of the available quantities of the basic
explosive.Hence, it is desirable that research be continued with a view to
the development of a cheaper atomic bomb for employment during a prolonged

struggle against limited targets such as naval vessels, individual factories,

bridges, and other isolated targets.

18. In summary, it is computed that the United States requirements for

stocks of atomic bombs are as follows:

For incapacitation of 15 first
priority targets -

For neutralization ofpossible
enemy bases in the Western
Hemisphere -

For Strategic isolation of the
battlefield -

Total

Probable effectiveness factor - 48%

Minimun requirement = 59 ÷ .48 or

123 bombs

39 204

For neutralization of possible
enemy bases in the Western

10 Hemisphere - 10

For Strategic isolation of the

10 battlefield -

59 Total 224

Probable effectiveness factor - 48%

Optimun requirement = 224 ÷ 48 or

466 bombs

CONCLUSIONS

19. It is concluded that the United States has a requirement for a

mininum li-Day stock of 123 atomic bombs and an optimum stock of 466 atomic bombs.

20. It is recommended that:

(1) The above requirement be presented to Major General Groves, the

director of the atomic bomb project, and that his comments be obtained.

(2) The basic study, with the comments of General Groves, be forwarded

to the Joint Chiefs of Staff for use in the determination of a production program
for the atomic bomb.

(3) The minimun requirement derived in the basic study be accepted as

the initial basis for estimating the scope of the Army Air Force atomic bombing

program.
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Date 30/48.45

A STRATEGIC CHARE OF CHEZAIN RUSSIAN

of Data.

Russian Ares. In preparing the statistical data for the
U.S.S.R. upon whichthe project ia based, certain problems had to
be overcone. These arose chiefly fron the fact that in many instances
completely up-to-date figures are lacking, which has made it necessary
to base calculation upon pre-var reports.In this connection, it is
impossible to anaign relative industrial importance to cities destroyed
in the course of the war and currently in the process of rebuilding or
to determine how large a proportion of their previously evacuated popu-
lations have returned. It is also difficult to approximate size of in-
dustrial communities which have mushrooned during the course of the war
and where, in many cases,major installations are outside the city
proper. Industrial output itself is subject to estinate as to current
breakdown by comunity, while no census has been taken since 1939, and
only scattered reports on population shifts have been received.

In order to present as complete and accurate a picture as
possible it has been necessary to accept certain measurement standards.
Population figures given are based upon the 1939 census amended to
incorporate all known changes. Industrial importance is based upon
eatinated 1945 production, although it is recognized that, using this
method, full weight cannot be given to former industrial communities
in areas overrun by the Germans and now in process of rebuilding.
munication centers and oil producing areas are rated on the busis of
latest available inforation. Community areas are shown mainly by
computation of 1939 atlas infomation corrected with any positive knowledge
of subsequent changes or in cases where 1927 area data only was obtainable
by adjusting sixe proportionately to population increase.

The cities selected for this project represent a major portion
of soviet econonic installations. Based upon evidence at hand they in-

95 percent of airplane output, 97 percent of tank output, 73
percent of guns, 88 percent of trucks, over 67 percent of crude oil,
45 percent of steel, almost 100 percent of alunimum, 60 percent of

refining capacity.
building and ball bearing plants, the majority of synthetie rubber
factories, the main river and seaports and nost of the min railway

Manchuria Area. In the absence of up-to-dato, reliable infor
nation, population and area figures for Manchurian cities are based
largely on the official Japanese census of 1940. The area included
within a municipality does not necessarily comprise only built-up portions
but may also embrace outlying sections.Since Japanese occupation of
Zenchuria many cities have been considerably developed through industrial

AND NAICHURIAN VIBAN AREAS
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apane.ion and inclusion ot adjoining areu to the aunicipollt,-. The 
Japanese lw.ve troa t.ia• to tim announced llWlicipal devel.opaent.a th:ough 
Domei. necent tigur•• releued gan Mukden a population of 2,880,000, 
Hainking 710,<XXJ and Da1ren sso,ooo. onl.J tJw latter figure bu been 
uaed aa renecting a nuonabla increue. CitiN without. list.cl poJ:l'l­
lationa are .. tia&ted to be under so:~{ while area figure• are not 
currentJ.1 available tor ac:ae of tJw er c.caaunitiH. 

c. Comwu.at. h1na .. rea. The ait.u tion 1n China 18 current.lf 
eo fiuid u to pnolude a1IT accurate account of Chine•• C«-Uniet. anu. 
Honver, it 1a known that tM Coran11oieta• •r-·Ume baH eu contain 
not a eingle large cit.yJ their induot.ri&l oat.abllata=.nta are Vfff7 irw1&-
1liticawt.. Soaa• of the large ci tiea in Jiorth Chinn which are w1 tlw:I the 
acne occupied bJ' the Japanue are, on the other hand, under a potent.ial 
threat of being taken b7 t.h• Chinue Cciaaunbt.a dur1.ng the prooeaa ot 
th• surrender ot Japaneae troop•• The two largeet. of theae citiu are 
Pei))in6 and T1enta1n with populations conaiderabl)' above 1,000,000, the 
lM.tt.er cit7 being an hlportant. IW\U!acturing center. otho!" larger 
cities in Horth China with populations ot ;00,000 or less include iw.1-
aui, TA-t.1ung and Kalgan (Yian--ch'tlan) 1n Im r llongolla, Tai,uan (Yq­
chfi), capitol ot Shanei r-i-ovinc•, Ch'ing-yuan (l'aoting) 1.n !lopeh Province, 
Ch'in-hwmg-tao and Shan-hai-kuan, iq>ort.ant port. cities 1n Hopeh Province., 
Tainan and Teingtoo 1n mwnt~ Province, nnd Kali'eug 1n Honan PrOYince. 
Chineae Coaauniat troop• operate 1n t.he vic1n1t7 ot allot theH ciU••• 



2. Llf.T < , cnn .., •· V'IET TrJUUTORY 

llpprox. 
r:etiaat.ed Area Priorit.7 Induetl'i&l. 

C1t;r: r21lUlat1on ~!9 1112 ~ Q!!D: ~t.rat.e,:!o lmPort.anc 

scow 4,000,000 110.0 l 3 l 13% ot plane output, 
43" ot t.ruok out.put, 
ZC ot ewel output, 

l5j or copper output., 
mchinebulldlnc, oil 
refinery, ball.bearing 
plant. 

1.oningrad 1,250,000 40.4 2 l Cun manu.tacture, ship-
build.1.nc, uchinebuilding • 

Tashkent 850,000 28.9 J ~ ot plane wt.put, 
u.chinebuilcUng, 
texUlellille. 

809,000 1.0 3 l 2 61• ot crude oil output, 
4n ot oil ret.lm.Ag, 
1% of at.Ml out.put, 

mach1nebdl.d1na. 

ffovoeibirak 750,000 22.0 l l llj ot plane out.put., 
aachiuebuildinc, optical 
goods r.:anutacture. 

Gorld 644,000 l,3.5 l J 2 lU ot pluw out.put, 
24% ot tank outP\,lt., 
45i or gun output, 
4Jj ot truck output, 
oil retlnel")", 
machinebuilcU.ns. 

Sverdlovek 600,000 20.2 l l 9'f. ot tank output, 
ll$ ot gun output, 
~ ot steel output, 

maehinebuilcil.ng, tire 
plant, ballbearin.g plant. 

Chelyabinsk 550,000 ll.5 l l 13 of tank output, 
44~ ot nnc output, 
terroalloy ueltins, 
aach1nebuilding. 

l'billd .519,000 12.7 ) 2 3% or plane output. 

k 514,000 6.6 2 1 5% of plane output, 
9% ot tank outp,Lt, tire 
plant, uchinewilding. 

Kuib7ahe'V' 500,000 12.6 l J J 22j ot pJ.ane output., 
f.'W'l unutaotuN, oil 
retineey, ballbea-J.na 
plant, macb1nebu.ild1ng. 

(tt Percentagea are ot u.s.s.k. pro<l.lct1on) 
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Latiut.ed I.re& Priority Induat.r1al 
Citi; fOf!'&,l!tion !!S m.l .e!· Q.!! !t Strat.em 1-Port.ance 

UeY 425,000 6, .. 4 3 2 ltachinebullding. 

LYOY i.20,000 20.0 3 2 2 Oil ret1ner1 •• 

Kaun 400,000 20.0 l 2 13% of plane output. 

.Alma Ata 400,000 JJ.l 3 Aa:aunit.ion aaradact.ure. 

Kharkov 400,000 30.1 3 2 rr.ctor tacto17, 
hinebullding. 

Riga 393,000 40.0 3 2 oh1nebuildina. 

Saratov .376,000 8.8 2 J 3 S,C ot plane output, 
oil retinel")", ballboaring 
pl.ant, iaacbinebullding. 

Koen1gsberg )70,000 37.8 J 2 Shipbuilding. 

Odess& J00,000 28.7 3 3 llachinebullding. 

Rostov-on-Don J00,000 14.4 3 3 ll.achi.nebtd l d1ng. 

Dnepropetrovsk J00,000 9.2 3 2 Steel Mill. 

Sta.lino J00,000 7.1 3 2 ~teol Mill. 

Yal"Oalavl 298,000 14.0 2 3 2 2$ ot truck output. 
2% ot oil Nfin1ng, 
S)'tlt,hetic rubber plants. 

Ivanovo 285,000 16.2 .3 3 Textilo mUla. 

Archangel 281,000 ll.0 3 2 Lumber mil.la. 

Khabarovsk :ns,ooo 10.0 .3 2 2 U ot oil reti.n1ng, 
MCh1.naa1 Jd1nc. 

Tula :n2,ooo 8.1 3 3 Small arme unufo.cture. 

Uolotov 2.5.5,000 .5.7 l 3 J l 7ft ot gun output, 
oil refiner.,. 

Aetrakban 2.54,000 4.8 3 2 Shipbuildin«. 

Magnitogorsk 250,000 10.oiw 1 1n ot at.eel output, 
shellcaee mnutacture. 

Vladivostok 2.50,000 10.0 3 l Shipbuilding, 
machinebulldin& • 

..., Estimate baaed UJ>On no data. 
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ApproJt. 

Eeti.mtAd Area rr1orit.7 Induatrial 
Ci~ J 01.>Ulation '!9111.J Jm. QY. It St.rat.edo IJll>ort.ana• 

St.al.ia£rad 250,000 20 • .3 3 2 TN.otor taotoq, ateel 
alll, ~-

Uta 246,000 10.a 3 2 2 Sj ot oil ret1n1oc, 
wbiD_,.d J cllng. 

ll'kutak 2.43,000 u., 2 .3 )j ot plane out.pvt., 
gun um!act.uN, 8tNl 
ll&Dl&faotu.re • 

Vllna 200,000 20.0 3 .3 Li&ht. 1ndu9t.1'1.u. 

Voroneah 200,000 17.0 J .3 Macb:lnebuilding • 

Ishenk 176,000 1.s .3 OUDMDl.taoture, 
machll.-1-d 141n1. 

Chkalcw 173,000 10.2 .3 :4 ~ ot plane out.put. 

Grosav 172,000 l.) .3 l lU ot oil Nflnin&, 
~ ot ol'\lde oil output, 

uohinebulldl,w. 

Stal.J.nllk 169,000 10.e l 16~ ot at.Ml out.put, 
25% ot aluailul output, 
gun aanutactUNt. 

M!:hni 7a,gil 160,000 17 • .3 1 J JU o! tank output, 
Si ot eteel output, 

maohinebu.Uding. 

.Pena 1.57,000 s.a .3 ' Gun aamtaot.ure • 

Mwk lS0,000 4.2 3 J Maohinebullding. 

Ki1'0Y 14),000 .5 • .3 2 .3 lU o! tank out,?\lt• 

"'•211,m 138,000 16.0 .3 2 lfachinMUd1n&. 

Kemoro•o lJ.3,000 S.()tt• 2 OWl 11&utaotu.re, giant 
nitrogen plant • 

Ulan UCS. 129,000 22.3 .3 2 .11.acr..inebullding. 

l{n:1eomolak w,ooo ,.~ 2 .3 3 ~ ot plane output, 
]$ ot et.Ml wt.put, oil 
retineq, ahipbullding, 
ll&Ch1.nobld.ld· 

k 117,000 4.0 ) l Shipbu1ld1ng. 

"' EflJ.Mta baaed upon no data. 
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Citz 

Beloatok 

Vitebak 

Uatouat 

Makbach Kala 

S;rsran 

Chimkent 

Batua 

Kovrov 

Orak 

Xamenak 

et Litovek 

C\&rev 

Sterlitamak 

ahimbaevo 

Nettedag 

Ukht& 

• -
Approx. 

Eatillated AJ"9& f'riority 
l oJ>Ulation ~!9. 1111) Ind1 Oil Tr 

ll0,000 6.o 
' 100,000 J.9 3 

99,000 S.6 J 

87,000 l.8 3 2 

Tl,700 5.4 3 3 

74,000 l3.4 2 

71,000 3.9 ' 
2 

67,r:»J l.8 3 

66,000 4.e 2 2 

S0,900 4.0kll- l 

50,000 4.; 3 

J.3,000 4. {)"<if ) 

26,000 ).l ) 

4.0H 3 

4.0';H' ) 

, •. o.-. ) 

Total popul. tion o! cities: 21,784,600 
Total area ot cities: 901.J equar mil.es 

hetinate boaed upon no data. 

) 

3 

-

2 

2 

.. 

2 

J 

3 

3 

2 

3 

-
-
'.3 

J 

Induatri&l 
Strated.c DIQ)ol:!:anc• 

Textile 11111.la. 

Uactdne~. 

~ ot et.eel out.put., gun 
Cll&Blfactun, MOhine-

bulldln&. 

Jj or oil "tining. 

Oil retine17. 

48j ot lead output. 

10-' ot oil refininl• 

Gun JUDutacture. 

7-' ot oil Nt1nina, 
~ ot nickel output. 

75i ot alurainua output. 

lud.l center. 

Oil retina17. 

J% ot oil relining. 

Z' ot oil refining. 

1% ot oil rot1n1ng. 

l$ or oil refining. 



3. LIST OF 15 KEY SOVIET CITINS

1. 

Molotov

2.

Combined Share Of Soviet Induatrial Output

over 50% of ballbearings

Moscow

Baku
Novosibirak
Gorki
Sverdlovsk
Chelyabinsk

Cmak
Kulbysher

kazan
Saratov

Magnitogorsk

Crowny
Stalinsk
Nishnd Tagi)



40 LIST OF 25 LEADING SOVIET CITIES

1.
Moscow

Molotov

3.Conbined Share of Soviet Industrial Output

25% of aluminun
15% of copper

13% of guns
88% of trucks
43% of steel majority of ballbearings

majority of synthetic rubber

40 Transport Importance

Lot priority - 6 eities
2nd priority - 6 cities
3rd priority - 9 cities



City 

Dair•n 

Harbin 

An-•han 

ICu-tan-chiang 

Xirin 

Chin-haian 

Taitaihar 

Chla,,,-tw-ssu 

- -
ANA Ta,aet Pr1ot1t,t 

Population SQ. r.ra. Ind. Oil Tpn. 

1,200,000 (262.0) l 
101 aq. m. 

660,000 (80).8) 
310 eq. mi. 

600,000 (437. 7) 
169 aq. ai. 

JlS,000 (JOJ.6) 2 
ll7 aq. lld.. 

270,000 (91.2) l 
JS aq. m.. 

215,000 {123.2) l 
l.8 sq. 111. 

180,000 (.362. 7) 
140 •q. ai. 

175,000 (16.6) 3 

l.A0,000 (114.8) 
lJ+ sq. lld. 

lJ0,000 (11.3.5) 
lJ+ aq. lid.. 

l 

l 

1 

l 

2 

l 2 

2 

2 

2 .3 

.3 J 

3 

tt-ru 

100,C of adrcratt. outputJ oh1ef pro­
duotJ..on oenter tor airoratt encin• 
amt acaponent.•J 4~ ot loacaoUft 
and rolling atookJ ,roduction center 
tor autoaobil .. , tanka, aao~ tools, 
•ch.1.n.,-, epec1al .tMl and c-1-
cala, guns and ....w.Uon. 

'40j ot loc0110tiw o.nd 1'01..lJ.n& etock 
outputJ chief ehipbulldin& centerJ 
chade&l. plant.J 8llal.l at"1 plantJ 
m C nt OUtpUtJ oil :refiner,-. 

12$ c .. nt output.J prodLlct.ion ot 
trucka, autcaoW. enginu, uplo­
aiN• and chm.icala. 

l~ a.hlld.rala outputJ 71, a-ent out­
putJ Oountl7 1 8 J.arpet coal llinelJ 
eulphuric acid plantJ l hydro&IIM­
tion pl.Ant. and 3 ahal.• oil planta 
with amual. oapacit.., ot 3,9.32,400 
b&rrela ot retinad product.a. 

~ il"Oft and steel output. 33% lead 
aelting output. 

lo;C co.nt output; synthet.ic rubber 
pl&mJ calci\111 carbi<s. plantJ 
S_ynthetio plante with anrmal. 
capcit7 of 378,000 bnl"J"Ol.• of re­
tinad p~cts. 

Synthetic oil plant with~ 
capac1t7 of 249,600 barrel.a of 
refined producte. 



Citz 

T'u-oen 

Su-chi.a-tun 

Pai-ch'•ng-tm 

Hu-lu-tao 

rea :taraat rioritz 

Population sg. xa. Ind. oil Tpn. Rwrka 

100,<XX> (.34.9) 1 ~ il'on and atMl outputJ lO;C 

13 •q. ai. ceMnt output. 

80,000 2 

70,000 (29.4) 
11 IKl• 121. 

so,ooo 

so,ooo (70.0) 
eat. est. 

Zl •q• Id. 

20,000 

5,000 
••t. 

Totai •h! 

J 

3 

2 

.3 

2 

l 

Ir011 IMWlt ctur.1.ng center. 

8,nthetic oil plant "1th utill&wd 
annual oapacit7 of 150,000 barrel8 

ot ntined product•. 

Synthetic oil plant with annual 

capacit.., ot ]50 1 000 barrele ot 

refin.cl product.. 

331 lead sC19lt1ng output; 90% 
:zinc amaltJ.ng output. 

Total populationr .S,245,000 
'total area, 1310 a,quare 1111• 

Combined Shue ot Manchurian Indwrt.rial Output 

l~ ot aircnft. 
8°" of Nllroad locCftlOtivu and can 

l()()JC of iron and at.el 
100% ol el.ulli DID 

66$ ot lNd 
1~ ot sine 
SU ot ceaent. 

lOO;C ot oil r.tin1ng 

l(aJori~ ot tanka, automobile•, trucka 

Majorit.¥ ot cheical• 
llaJorit.)' ot UIIMUlition and ntpona 



LIST Cif OOUJi.CES 

ilocwaent• 1n l'oliUeal "1-nnch tu... (Top tecret) 

1,concaice ot Soc al1at Inc1'1otrx, lloecow, 1941. (Uucl. aaitied) 

Soviet Wf;.;x"tJ.at.1Dn Bulletin, l aahington, h Jul 44. (Uncluisitbd) 

rravda, JO Dec 44. (Uncl.aaeitied) 

SD, ).foacow, cable 23'J7, .30 Jun, u:m Jl ;;!) ot 4 July. (Confidential) 

oacow Hadio, lS Jul. (Unclassitied) 

SD, lloacow, Cabltt 2630, 19 Jul, UW Jl 119 of 24 Jul. (ContidenUal) 

SD, Uoecow, f'eport 64.3, 3 Jul 44, UIS 35718. (Secret) 

IS, Soviet Aircraft Production, 1 y J.J.. (Secret) 

SD, ~uib7ehov, Report 2.51, 15 P'cb 4J. (Confidential.) 

SD, Moocow, Airmail ,20, 28 Jun, 1'1!3 189828. (Contidential) 

Bureau ot Minos, Mining Industries ot the Soviot Union, , ug M. (Seor t) 

SD, Uoecow, Report J, ~ Jan, MIS 159225. (Reetricted) 

SD, lloaco,r, !Leport. 1501, 2.) Feb, 111.S 160734. (Confidential) 

Izvestia, 5 Jul. (Unelaasitie<l) 

SD, 1:oacow, uport. 1384, 11 Jan, UIS ll9106. (Reatrict.od) 

:tikhook~kal! .. vosd&, 22 Jun 44. (lJucla.usit'ied) 

~ 6 Jul. (U,wlaasitiod) 

'D, lloeoou, 1,,able l79'J, ~ &liq, lu:' Jl 151 or Jl ' • (Conf dent.1.al) 

SD, ~sco1,, Cable 260, Z7 Jan, lilS Jl li.4 c.r l feb. (Confidential) 

OS~, n&A 2094.J, l Feb, MIS 123400. (Contident.ial) 

Croat <"oviet 1~tlae., Vol. I!, Moacolf, 1939. (Uncluaified) 

:;ocWUt. Construction of the u.s.s.R., l!oscow., 1939. (lfnclassltied) 

Ruui.un l!conoaic Jlotea, no. U.-1, 30 Jul J9. (vnclaaaitied) 

Jwws 73, Joint Arrq and lf&Lvy Intelllgonce !Jtud7 or 'ioutheastern 
31berla, Yeh 45, ms 118036. {!leoi-et) 

O"S, Phil 2750.4, l Jan., lil.3 ll7569. (Coni'identi l) 

U.S •. .t.1baeay f!eport, :Uoecow, l .Sep 44, lUS 87575. (Contidential) 

u.s. l~ssy Jleport, lloacOlf, 4 nee JiJ+, UIS lOOU?. (Confidential) 

... 



• 

SU, Woecow, heport 7, 24 .,op 43. (:,ecret) 

Jtticial p ot t l'oople' • <.: •sari.at for Traneport, 1940. (Unclaaaitied) 

, ocket Atlao o! Ule t;.t,.• .h., ~scow, 941. (Uncl.aHitied) 

·conomica ot ":'rwu,port., L'oacow, l94l. (Unclw,sifittd) 

llA, Vlad.1vootok, h19p0rt .J.3-'44, 8 Jun M, 111~ 5&10. ('·ecret) 

sr, 'oecow, Cabl 26J2, 19 Jul, i.:n; Jl 228 o! '-.5 ,rul. (Con!idontial) 

AUJSNA, 8COW, 16 Jun 44, Ml! .Jl 78 of 20 Jun 44. (Secret) 

SD, Uoecow, ruble 2()70, 20 J\ug, }!I" Jl 7 ot 23 ,.ug. (•1ecret) 

WI, 11.oacon, Cabl 11 25387, Z? ;\ug, m:- Jl 206 o! 22 /1utI• (Socrot) 

OUI, c:orial !lo. 73-44, 10 Jun JJ., Uif; 44&7. (Secret) 

The fur raat Year Book 1941. 

{anchuria - China ':'ravel Year Book, 1944. 

Japan•a Position in Li.quid Fuel• and Lubricants (estimate by Joint Far 

l::aat Oil Coanittee nncl Report prepared by !JI~, under the d1rect1on ot 

the Joint rar Fast Cll Co!XC1ittee) 10 August 1945. (necret) 

The 1'.quip:tent and Capnci ty or the Iron and Steel In, stcy under Japanese 

Control, Foreign I;conomic .ndminiatration, January 19li5. (Confidential) 

Japanese Controlled Ce ent Indus~, .r'oreign l.conc.nic dlniuiatration, 

.. ugu.st 1944. (Con!'idont.ial) 

C0Gnittee or Operat.1ona ,u\&lyat.a ~tud,y on llon-Ferroua Meta.la, Nov ber, 

1943. (Secret) 

Target ·tudy !>outhern Uanchuria, Hea.dquartors Alliud ,.1r l'orcea, !,.i',.P.i,., 

15 Jul,Y l94S. (Contid6ntial) 

Manchuria, 1931-1945, ltiniatry of l:.oomaic ~,artare, January 1945. (Secret) 

Jlap of Japanese and Chinese Held ,u-oua in China, 1:2,000,<XX> (overlq on 

Transportation Jlap, ~ 5201, aheeta 11 and :11 ) March 1945 (Confidential) 

• 
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CONFIDENTIAL

JOINT TARGET GROUP
PHYSICAL VULNERABILITY SECTION

SPECIAL PROJECT PV-P82

PHYSICAL DAMAGE TO HIROSHIMA FROM THE ATOMIC BOMB

-- A PRELIMINARY ANALYSIS

1. Summary

This report is an analysis of the physical effects of the atomic bomb

a preliminary report subject to revision when additional information is made
available from groundsurveys or other photographic cover. The principal con-
clusions are as follows:

(a) The area damaged consists of a compact region of virtually total

Table 1

Percent of Building Plan Area Damaged within Various Annular Rings

Distancefrom Estimated Percent of Buliding
Center of Impact Plan Area Damaged

O to 6000 ft. 100 percent
6000 to 8000 ft. 69
8000 to 10,000 ft. 56

10,000 to 12,000 It.
12,000 to 14,000 fl.
14,000 to 16,000 ft.

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

(e) The analysis of damage by type of building construction reveals
one fact of major significance: nearly all concrete buildings remained apparently

Of forty-eight (48) such buildings within the area of virtually total
destruction, two were completely destroyed and three partially destroyed.
7000 ft. two concrete buildings were observed in pre-attack photography, and
neither of these appears to be damaged.

(d) The Mean Area of Effectiveness (MAD) of the bomb computed for struc-
tural and superficial damage to average industrial buildings (excluding those of
concrete construction) is 3000 million sq. It. (10.7 8qo mi.). A comparable MAB
for the 2000 1b. G. Po bomb is 0.03 million si. ft., which is 1/101,000 of that of
the atomic bomb.

CONFIDENTIAL

1 Septenber 1945
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2. Area Drunaged. 

In dctemining the ratio of d~struction to districts, circles mth 
l!..L-"J ft. und 2000 ft. nJii were ueed, The center of these circles is at 
tlie e~timated center of impact. In the l!bsence of a crater snd in the absence 
of Btrike photographs from which the bomb's trajectory could be computed, this 
center was located by an exrur.insUon of the dam,'3gc. ltr; position is probsbly 
correct to ~, ithin 500 ft. 

'n1is tllbulation, however, does not give a complete picture of the 
extent of damage; for there is much scuttered di,mage beyond the areo of virtu,lly 
total destruction. The qulaity of the post-attack photography does not permit 
u detailed examiru;tion of the damage to each building in these outlying regions. 
The best that can l>e done is to assess the damage to the larger buildings in the 
mere important industrial, military, and ,,ublic installationo. The percent of 
these buildings damaged at a givan distance from the center of impact may then 
be taken as an estimate of the percent of damage to all buildin,~t. at that distance. 
ln support of this method of estimation, it should be nctod that although the 
larger buildin&s present a larger area to the blast wave and hence might be 
expected to receive more d11lllage than the small buildings, on the other hand the 
larger buildings are stronger and less vulnerable to damage th~n the smaller 
buildings """hich are chiefly reeidences. In the opinion of experienced damage 
analysts, these t\io effects largely cancel each other. A study of the d;;mage 
to the5e larger buildings is presented in /.ppendix C, and the results have been 
su.:nmarized in Table 1 above . 

.3. Type of Damage. 

,•:ithin the area of vir-tu.;lly total destruction the damage is due to 
a combination of blast and fire. Thero 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 b~~b itself. The 
predominant cause of damage beyond 7000 ft. is blast. 

4. Damage by Type of Building Construction. 

Variations in the type of building construction are f.>und principally 
in the industrial, military, and public inRtallations 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 
m;apons. These are explained in Appendix A. 

There lfas no damage to Vl and V2 buildings except in the portion of 
Target 54 ~nich is nearest to the point of impact of the bomb. Destruction of VJ 
and V4 buildings was complete out to the 6000 ft. ring, and from then on there wr,s 
scattered damage which showed no pr.:inounced difference between the categories. 
There is no apparent relationship between the combustibility of the buildings and 
the ..mount of damage to them. 

In ,~ppentlix c.; part of the data from Appendix n has been rearranged to 
~how the dependencu of the amount of damage, by vulnerability category, upon the 
distance of the target from the point of impact. V.3 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 fuature of the damage is the large number 
of concrete baildings which remained apparently intact after the explosion. 
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Whether or not there 1• internal damage to these buildings muat be detennined 
b7 a ground survey. 'nle number, location, and damage sustained by these build­
ings is shown in Table 2. 

Table 2. 

Damage to Concrete Buildings 

Distance tram Center Total No. ot Number partial}¥ No. Completely 
or !!Eact Buildiru<s Destro,l!d Deatro,l!d 

0 to 1000 rt. 10 l l 
1000 to 2000 rt. 1.3 l 0 
2000 to 3000 rt. 5 0 0 
JOOO'to 4000 rt. 7 0 0 
4000 to 5000 ft. 3 0 0 
5000 to 6000 tt. 10 l 1 
6000 to 7000 rt. 0 0 0 
7000 to 8000 rt. 0 0 0 
8000 to 9000 rt. 1 0 0 
9000 to 10 1000 ft. 0 0 0 

10,000 to ll,000 tt. l 0 0 
beyond 11,000 rt. 0 0 0 

Total 50 3 2 

5. Mean Area ot Effectiveness. 

'nle mean area ot effectiveness of the atOJllic bomb tor structural and 
superficial damage to V3 and V4 buildings (which are average multl-stoey and 
single story industrial buildings respectively) was computed to be 300 milllon 
sq. rt. or 10. 7 sq. Jai. Thia should be interpreted to mean that it a target 
of unllmlted extent were completely builtup with buildings ot this type, the 
damage would have been 10.7 sq •. ml. 'nils, ot course, is in excess ot the 4.0 
sq. ml. ot damage stated tor the area of virtually complete destruction. The 
figure ot 4.0 sq . .m.1. does not include additional scattered damage, auch of which 
c<>uld not be .measured on the available photography, nor does it take into account 
outqlng regions which were within reach of the effects ot the bolllb but which 
were in tact not builtup. 

The computation was performed by the "annular ring method". In thia 
method the percent ot building plan area damaged within successive 2000 rt. 
annular rings was determined. The swa of' the ground areas ot each respective 
ring multiplied by the applicable percentage gives the Mean Area ot Ettectiveneas. 
The percentages used are given in Table 1 which 1a baaed upon the data listed in 
Appendix C. 

6. Damage by Urban Area Zonea. 

In the Joint Target Group anal.yr.ea ot incondlaey attacks on urban areas, 
it has been cuato.mar, to break down the damage by urban area zonea such aa leei­
dentlal, Manufacturing, Storage, Transportation, etc. 'nlla zoning served two 
purposea: (1) it made possible a study ot the relative vulnerabilitr o! the several 
zones to incendiary attacks, and (2) it contributed to th• econOllic assessment ot the 
damage. In the ca•• or the atomic bollb attack on Hiroahiaa all ot the zones appear 
to have been equal~ vulnerable to the explosion. As an aid to the economlc asses­
sment or the damage the following breakdown bas been aade ot the distribution ot 

- 3 -
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the area ot total destruction alllong the several zones. It should be recalled 
that this includes onl.7 the central area o! damage and does not take into ac-
count the outl¥1.ng scattered damage. For an explanati--on of the notation used 
eee Appendix A. 

Table 3 

Dea&ge Resulting from Atomic Attack - Hiroahillla Urban Area 

Pre-attack area* Poat Attack 

~ Ground ! adltu2 ~ Ground ttea Boot Area 
Dauge Duage 

Residential 

Ri 76.6 42 32.2 59.5 or 78% 26.8 or 83J 

~ 1.27.4 27 34.4 41.3 32% 11.0 32J 

~ 77.7 l.2 9.3 3.5 5~ 0.4 4% 

50% l 1.9 22 .4 1.3 ~ 0.4 9~ 

Total 283.6 76.3 105.6 37% 38.6 SU 

Industrial 

M 48.l 30 14.4 3 • .3 7% 1 • .5 l~ 

s 29.s 19 5.7 1.4 5% 0.3 5% 

T 6.3 14 0.9 0.9 14% 0.2 2~ 

50% X 1.9 22 0.4 1.3 68% 0.4 m 

Total 86.l 21.4 6.9 25% 2.4 ll% 

* All areas are given 1n milliona of square teet. 

"tn!IID&NWl 
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APPi::NDIX A 

Expla11ation o! Notations Used 

HE Vulnerability Classes 

The symbols Vl, V2, VJ, V4, and V5 denote the relative vulner.bi­
lities of buildings to damage troa Hl:. bombs. Vl 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 Keaorandwa 8. The 
following brief description, ho"ever, 1• adequate tor most purposes: 

Vl Reinforced concrete, multi-story, earthq~a.ke resistant 
structures. 

V2 lnudstrial structures containing travelling cranes. 

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

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

V; rched hanger type buildings. 

IB Vulnerability Classes 

R - Fire resistive: Buildings which have no significant amount ot 
combustible material in the structure and which will withstand all but tte 
moat intense tire without structural damage. 

N - NoncOlllbustible: 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 
ot combustible aaterial. 'lbe flooro, except the ground floor, are required 
to be of similar construction. 

Urban Area Zones 

R1 - Residential (!ul~v builtup, 40 percent and over). 

~ - Residential (IIOderately builtup, 20 to 40 percent). 

R.3 - Residential ( sparsely built up, ; to 20 percent). 

K - Manufacturing. 

X - Mixed industrial and residential. 

T - Transportation. 

S - Storage. 

Special Notations. 

N.C. {appearing in Appendices Band C) mean "lfo cover". Where it 
appe&ra in these tables, either there was no damage cover ot a particular in­
stallation or the available cover was cloud covered or o! such poor quality 
that no damage assessment could be made. 

? - Unknown. 
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TAB 11C11 

1 

ESTn:ATED BOI'.:B REi'}UIM:ENTS r'OR DESTRUCTION OF 

:?.USSI STR.:,TEGIC AREAS 

CITY 

1:oscow 

Leningrad 

Tashkent 

Baku 

Novosibirsk 

Gorki 

Sverdlovsk 

Chelyabinsk 

Tbilisi 

Qnsk 

Kuibyshev 

Kiev 

Lvov 

Kazan 

Alma Ata 

Kharkov 

Riga 

Saratov 

Koenigsberg 

Odessa 

Rostov-on-Don 

Dnepropetrovsk 

Stalino 

Yaroslavl 

Ivanovo 

Archangel 

Khabarovsk 

Tula 

AREA OF CITY 
m &'l. J.:ILE.S 

no.o 

40.4 

28.9 

7.0 

22.0 

13, 5 

20.2 

11.5 

12.7 

6.6 

12.6 

20.0 

20.0 

13.1 

30.1 

40.0 

8.8 

37,8 

28,7 

lJ+,4 

9.2 

7.1 

14.0 

16.2 

11.0 

10.0 

8.1 

6 

4 F-

5 

3 

3 

2 

3 

6 

5 

5 

4 

6 

6 

2 

6 

6 

4 

3 

2 

4 

4 

3 

3 

2 

L 



e 
jlnl ill iirE 

Ne: OF CITY 
CITY Ill SQ.I.ITLES NO. OF BO!!BS 

1~olotov 5.7 2 

Astrakhan 4.8 1 

liagnitogorsk 10.0 3 

Vladivostok 10.0 3 

Stalingrad 20,3 5 

Ufa 10.8 3 

Irkutsk 11.5 3 

Vilna 20.0 5 

Voronezh 17.0 5 

Izhevsk 7.5 2 

Chkalov 10.2 3 

Grozny 1.3 1 

Stalinsk 10.8 3 

Nizhni Tagil 17,3 5 

Penza 5,8 2 

liinsk 4.2 1 

Kirov 5,3 2 

Tallinn 16.0 4 

Kemerovo 5.0 2 

Ulan Ude 22.3 6 

Komsomolsk 5.0 2 

lfurmansk 4.0 1 

Belostok 6.0 2 

Vitebsk 3.9 1 

Zlatoust 5.6 2 

!.!akhach Kala 1.8 1 

Syzran 5.4 2 

Ch:imkent 13.4 4 

Batum 3.9 1 

Kovrov 1.8 1 

Orsk 4,8 2 

Kamensk 4.0 1 

-2-G 
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➔OP ! 8 9F.T .e 
A&~ OF CITY 

CITY I:'1 S:.HILES NO. OF BOr.!BS 

Brest Litovsk 4.5 1 

Gurev 4.0 1 

Sterlitamak 3.1 1 

Ishimbaevo 4.0 1 

Neftedag 4.0 1 

Ukhta 4.0 1 

TOrAL - 66 Cities 901.3 204 
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