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26 Septenber 1945

MEMOKANDUM FOR MAJOR GENERAL LAURIS NURSTAD:

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

2. The number of Lombs for the minimum M-Day stock and the
optimum stock ure high because of the following factors:

a. The estinates are based on &n area of total destruction
and amounted to four square miles with an outer bomb damage of 6,000
to 7,000 feet. 4An area at least twice that should be used. Yhile
the damaged urea of Nagasaki was considerably less than that of
liroshima it was because the target was not suitable in size or shape
for the miximum effectiveness of the bomb.

b. it is not essential to get total destruction of a ecity in
order to destroy its effectiveness. Hiroshima no longer exists as a
city even though the area of total destruction is sonsiderably less
than total.

ce Vihile &t Hiroshima the frames of a numoer of reinforced ¢ \
concrete buildings remained intact the windows were blown out and the
interiors were putted., While the buildings could be rebuilt they were
made unusable for & considerable period. The Hagasaki 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,

3 In the limited time available no detailed analysis has been I

made of the report but my general conclusion would be that the number
of bombs indicated as required, is excessive.

L. Re G’R\;VES,

Major General, U. S. A, , /
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WAR DEPARTMENT
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WASHINGTON, D. C.

15 September 1945

MEMOPANDUM FOR MAJOR GENERAL L. R. GROVES:

Subject: Atomic Bomb Production

1. The attached study has been directed toward establishing

an oftf'icial Army Air Forces' view as to the number of atomic bombs
whieh should be availshle in order to insure our nationzl security.

2, This pavner is still on the working level. Prior to con-
cluding this study and forwarding it to the CG, AAF, your comments

are renuested.

JAURTS NORSTAD,

Inecl:
Study abv Ma jor General, U.S.A.
subj w/Tabs A,R,C. AC/AS-5,
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1. To determine the United States requircuents for atomic bomb stocks
in the interim post-war era,
ASSULPTIONS
2. It is assumed that:
a. The United States must be prepared to conduct offensive operations
against any other world bower or combination of powers.
b. The United States will meintain sufficient bases znd air forces
capable of attacking the strategic heart of any potential enemy,.
¢. The immediate destruction of the enemy's will ang capacity to
resist is the primary objective of the United States Army Strabegic Air Forces.
d. Ixtensive 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 TH: PROBLEL!

3. At the conclusion of Yorld Wer 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 extremely 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.

L. The characteristics of this weapon are such that it cannot be regarded
4s "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 a proved production program for the atomic bomb,
P brog
(
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DISCUSSION

6. In determining the cuantity of atomic bombs to be stocked, it is
necessary to establish a basic requirement for their use. It is assumned
that the United Stotes 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 rejuirements estzblished in this paper contemplate an li-Day force
capable of being employed immediately upon initiation of hostilities and the
estimated cuantities of bombs rejuired 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 azttrition. 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
imnediate destruction of the enemy centers of industry, transportation, and
population,

in exhaustive analysis of the strategic wvulnerability of all the nations
of the world would recuire extensive reseszrch and consecuently consume time
inconsistent with the urgent need to establish some definite principals for the
employment of this powerful weapon. BEecsuse 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 thelr explosive
characteristics, it has been decided to limit the scope of this study to the
next ten years. Uuring the pericd 1945 to 1955 it is probeble 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 Husslan 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 geographical aspect alone, Russia is in the most favorable
strategic position of any major power. An investigation of the Russian

strategic vulnerability prepared by IS, WDGS, is presented zs TAB "A'.
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Y. It is to be emphasized that relisble information on any phase of
fussian 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 ovailable but must be accepted only insofar
as they provide a basis for the present study.

&. 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 cuite comprehensive. The following
percentages of total hussilan production are accomplished in these cities:
Adrcraft 95%, tenks 97%, guns 735, trucks 885, steel 455, oil refining 955,
aluminum 100%, lead 485, nickel 607, zinc 44%. In addition, the majority of
all ball-bearing, synthetic rubber, and machine tools are manufactured in these
areas, It 1s 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 menufacture of the end products., It is therefore logical to
assumne that an even greater proportion of Russian total manufactw ing is
concentrated in these 66 cities, which include all of Russia's large population
and industrial concentrations.

Twenty-one cities in llanchuria were also investigated but were not con-
sidered in the final computations because llanchuria is not an integral part of
the USSR. lanchurian 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 & group
of 25 first and second priority cities were selected. The bar-charts on the
bottom of the same map, Appendix A to TAB "AM, 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 aluminuwn 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

FOESEERE T



our experience with the bombs dropped to date, three well-placed bombs

wonld throw a modern city of any size into cheos and definitely incapacitate
it for an appreciszble period of time. Four of these cities would require
only tvwo bombs snd one city only one bomb to completely destroy them.

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 en 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. Ais deduced in TAB "B", the
destructive area of each bomb is approximately A4 square miles.

Tab CM 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 recuirement
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 of any known operationally proven long-range bomber is 2000
miles for the B-29. Appendix "C" to Teb "Al' 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 estasblish these bases within

range of our air forces. It is improbable that an enemy would be capable of

establishing simultaneously more then 10 such bases. One bomb should effect-

ively neutrelize any such instsllation. Therefore, an additicnal requirement

of ten bombs has been estimated for this purpose.
It is to be noted that should the present range capsbilities 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

A situation under these conditions. would become a mammnoth slug-fest

mEIERE
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10 whizh the United Stotes 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 hoqp in tacticelly 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.} ixperimentation 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 operational anc training bombing statistics, including radar
drops, it appears safe to assume a probability that over 757 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 attzcks 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 uefenses. However, our difficulties must be expected to

.
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exceed those encountered by the Zighth Air Force in the early days of the
Luropean air offensive. Here the greatest percentage loss on any one mission
was 2&Jyon the mission to Kassel and Oschersleben of 28 July 1943. A calculated
loss rate of 354 has been assumed for initial attacks until a degree of air
superiority has been obtained. Integrating losses and bombing inaccuracies it
is computed that 48k bf all bombs airborne will be effectively delivered.

l4. Appendix "B" to Tab "A' shows the range coverage of the UsSSi by B-29's
and D-36's from the bases presently in our possession, from those currently
pronosed, 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 U3Sk from bases in Alaska, but that the B=-29 can
only reach the importent Russian strategic centers from bases in urope and
Asie., This points out the necessity of retaining bases in Gurope 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 o 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, Tt is believed that the storage distribution of the atomic bomb is not
4 cpitical factor in the determination of recuiraments. lecessary security,

special storage requirements, and expense dicta*e 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 nse 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



the use of a small explosive charge would not be realized in ease of delivery,

but in more efficient utilization of the available gquantities of the basic

explosive,

Hence, it 1s desirable that research be continued with a view to

the develoopment 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. 1In swmary, it is computed that the United States requirements for

stocks of atomic bombs are as follows:

Mininuwn

For incapacitation of 15 first
priority targets - 39

For neutralization of possible
enemy bases in the Western

Hemisphere - 10
For strategic isolation of the
battlefield - _ 10
Total 59
Probable effectiveness factor - 487

lVinimum requirement = 59 * .48 or

123 bombs

Optimum
For destruction of 66 cities of
strategic importance - 204

For neutralization of possible
enemy bases in the Jestern

Hemisphers - 10
For Strategic isolation of the
battlefield - 10
Total 22L
Probable effectiveness factor - 487

Optimum requirement = 224 * L8 or

466 bombs

CONCLUSIONS
19. It is concluded that the United States has a recuirement for a
minimum li~Day stock of 123 atomic bombs and an optimum stock of 1,66 atomic bombs,

RECCLIINDATICHS

20. It is recounended that:
(1) The ebove requirement be presented to lizjor General Groves, the
director of the atomic bomb project, and that his comments be obtained.
(2) The basic study, with the comments of Generzl Groves, be forwarded

to the Joint Chiefs of Steff for use in the determination of a production program

for the atomic bomb.

(3) The minimum reguirement derived in the basic study be accepted as

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

progran.
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Late 30 sug L

AND MANCHUEIAN UlBAN AREAS

1. Ixplanation of Data.

#. Fussian Area., In preparing the statistical data for the
Uuafo8.1e upon which the project is based, certain problems had to
he overcome, These arose chiefly from the fact that in many instances
completely up-to-date figures are lacking, which has made it necessary
to buse calculations upon pre-war reports. In this connection, it is
impossible to assign relative industrial importance to cities destroyed
in the course of the war and currently in the process of rebuilding or
tc determine how large a proportion of their previously evacuated popu-
lations have returned. It is also difficult to approxinate sigze of in-
dustrial communities which have mushroomed during the course of the war
and where, in many cases, major installations are outside the city
proper., Industrial output itsell is subject to estimate as to current
Lreakdown by community, while no census has been taken since 1939, and
only scatiered 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
estimated 1945 production, although it is recognized that, using this
method, full weight camnot be given to former industrial communities
in areas overrun by the Cermans and now in process of rebullding. Com-
munication centers and oil producing areas are rated on the busis of
latest available information. Community areas are shown mainly by
computation of 1939 atlae information corrected with any positive knowledge
cf subsequent changes or in cases where 1927 ares datu only was obtainable
by adjusting size proportionstely to population increase.

The cities selected for this project represent a major portion
of soviet economic installations. Dased upon evidence at hand they in-
ciude: 95 percent of airplane output, 97 percent of tank cutput, 73
percent of guns, 88 percent of trucks, over 67 percent of crude oil,

L5 percent. of steel, almost 100 percent of aluminum, 60 percent of
nickel, 48 percent of lead, A4k percent of zine and 95 percent of oil
refining capacity. In addition they include the majority of machine
building and ball bearing plants, the majority of synthetie rubber
factories, the main river and seaports and most of the main railway

Junctions,

b. Manchuria srea. In the absence of up-to-date, reliable infor-
mation, 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 necessurily comprise only built-up portions
but may also embrace outlying sections, Since Japanese occupation of
Zanehuria nany cities have been considerably developed tirough industrial

T s < R P
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expansion and inclusion of adjoining sreas to the municipality., The
Japanese have from time to time announced municipal developments through
Domei, Tecent figures released gave kukden a population of 2,880,000,
Hsinkdng 770,000 and Dairen 850,000, Only the latter figure has been
used as reflecting & reasonable increase. Cities without listed popu-
lations are estimated to be under 50,000; while area figures are not
currently available for some of the lnlior compunities,

¢. Comsunist China irea. The situation in China is currently
o fluid as to preclude any accurate account of Chinese Communist areas.
However, it is known that the Communists' war-time base areas contain
not a single large city; their industrial establishments are very insig-
nificant, Some of the large cities in liorth China which are within the
zone occupied by the Japanese are, on the other hand, under a potential
threat of being taken by the Chinese Communists during the process of
the surrender of Japanese troops. The two largest of these cities are
Peiping and Tientsin with populations considerably above 1,000,000, the
latter city being an important manufacturing center. Other larger
cities in North China with populations of 500,000 or less include Kuei-
sui, Ta-t'ung and Kalgan (Van~ch'@an) in Inner llongolia, Taiyuan (Yang-
chti), capitol of Shansi Province, Ch'ing-yusn (Peoting) in 'lopeh Province,
Ch'in-huang-tao and Shan-hai-luan, important port cities in Hopeh Province,
Tsinan and Teingteo in Shantung Province, and Faifeng in lonan Province.
Chinese Communist troops operate in the vieinity of all of these cities.
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2. LIS OF CITIES ON SOVIET TERRITORY

Approx.
Katimated Area Priority Industrial
City ropulation (sqmi) Ind. 041 Tr Strategic Importance”

Yioscow 4,000, 000 20,0 1 3 1 13% of plane output,
13% of truck output,
2% of steel output,
15% of copper output,
machinebuilding, oil
refinery, ballbearing
plan

Leningrad 1,250,000 4., 2 = 1 Cun menufacture, ship-
building, machinebuilding,

Tashkent 850, 000 28,9 3 = = 2% of plane output,
machinebuilding,
textile mills,

Baku 809,000 7.0 3 1 2 61% of crude oil output,
49% of oil refining,
1% of steel output,
m‘mm.

Hovosibirsk 750,000 22,0 1 - 1 11% of plane output,
muchinebuilding, optical
goods mamufacture.

Gorki Gluds , 000 1.5 1 3 2 11% of plane output,
24% of tank output,
45% of gun output,
L3% of truck output,
oil refinery,
machinebuilding.

Sverdlovsk 600,000 20.2 1 - 1 9% of tank output,
11% of gun output,
1% of steel output,
machinebuilding, tire
plant, ballbearing plant.

Chelyabinsk 550,000 11.5 1l - 1 137 of tank output,
L4% of zinc output,
ferroalloy smelting,

7 machinebuilding.
Thilisi 519,000 12.7 3 - 2 3% of plane output.
Cmsk 514,000 6.6 2 - 1 5% of plane output,

9% of tank output, tire
plant, machinebullding.

Kuibyshev 500,000 12.6 1 3 3 22% of plane output,
gun manufacture, oil
refinery, ballbearing
plant, machinebuilding.

(# Percentages are of U.S.5.ks preduction)



Latinated
city repulation
Klev 425,000
Lvov 420,000
Kazan LO2,000
Alma ita 1,00,000
Kharkev 400,000
Riga 393,000
Saratov 376,000
Koenigsberg 370,000
Odessa 300,000
Hostov-on-lon 300,000
Dnepropetrovsk 300,000
Stalino 300,000
Yaroslavl 298,000
Ivanovo 285,000
Archangel 281,000
Khabarovsk 275,000
Tula 272,000
¥olotov 255,000
Astrakhan 251,000
Magnitogorsk 250,000
Vladivostek 250,000

—————
s ae i
APProX.
Area Priority
(sq mi) ind. 031
6‘0010 3 -
2,0 3 2
20;0 1 -
3.1 3 -
30,1 3 -
‘0000 3 -
8.8 2 3
37.8 3 -
28.7 3 -
u.‘t 3 -
Fel 3 -
Tl 3 -
1460 2 3
16.2 3 -
11.0 3 -
10,0 3 2
8.1 3 -
57 1 3
Ius 3 -
10.0"‘" l -
10.0 3 -

## FEstimate based upon no data,

NN DH
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Machinebuilding.

0il refineries.

13% of plane output.
Amwunition manufacture.
Tractor factory,

Machinebuilding.

8% of plane output,

0il refinery, ballbearing
» machinebuilding.

Shipbuilding.

Machinebuilding.

Machinebuilding.

Steel Mill,

Steel Mill.

2% of truck output,
2% of oil refining,
synthetic rubber plants,

Textile mills,
jumber mills.

1% of oil refining,
mchindmild:lu.

Small arms manufacture,

17% of gun output,
oil refinery.

Shipbuilding.

17£ of steel output,
shellcase manufscture,

Shipbuilding,
machinebuilding.



City

Stalingrad

Ufa

Irkutsk

Vilna

Voronezh

Izhevsk

Stalinsk

Nishni Tagil

Fenza

¥insk

Tallinn

Ulan Ude
Koasomolsk

durmansk

Estimated

250,000

246,000

2,3,000

208,000

200,000
176,000

173,000

172,000

169,000

160,000

157,000
150,000
143,000
138,000
133,000

129,000
127,000

117,000

-_____——-
am—————
Approx.
Area Friority
{8g ni)

203 3 - 2
10.8 3 2 2
11.5 2 - 3
20.0 3 - 3
17.0 3 - 3
705 3 - -
10.2 3 - 3
1.3 3 1 -
10.8 l - -

17 -3 1 - 3
58 3 - 3

koa 3 - 3

5 -3 2 - 3
1600 3 - 2
SOM 2 - -
noa 3 - 2
5000 2 3 3

Le0 3 - b

#  Estimate based upon no data,

&mnw

Tractor fectory, steel
mill, machinebuilding.

5% of oil refining,
machinebuilding.

3% of plane output,
gun manufacture, steel
manufacture,

light industries.
Machinebuilding.

Gun mamufacture,
machinebuilding,
2% of plane output,

11% of oil refining,

6% of crude oil output,
machinebuilding,
16% of steel output,
25% of aluminum output,
gun manufacture,

31% of tank ocutput,
5% of steel output,
mh:lncbuﬂd.i.u;.
Gun mamufacture.
Machinebuilding.
Kachinebuilding,.

(un manufacture, glant
nitrogen plant.

Kacrhinebuilding,
2% of plane output,

1% of steel output, oil
refinery, shipbuilding,
machinebuilding.

Shipbuilding.



fons mmrmrit |
Approx.
Estimated irea Priority Industrial
city jopulation  (sqmi)  Ind, OI1 Tr Strategle Twportance
Belostok 110,000 640 3 - 3 Textile mills,
Vitebsk 100,000 3.9 3 = 3 Hachinebuilding.
Zlatoust 99,000 5.6 3 = = 2% of steel output, gun
mamufacture, machine-
building.
Makhach Kala 87,000 1.8 3 2 2 3% of oil refining.
Sysran 77,700 5oy 3 3 2 0il refinery.
Chimkent T, 000 aks 2 - - 48% of lead output.
batum 71,000 3.9 3 2 2 10% of oil refining.
Kovrov 67,000 1.2 3 - 3 Gun mmufacture.
Orsk 66,000 Le8B 2 2 3 74 of oil refining,
60% of nickel output.
Kemensk 50,900 iy o Ot 1 = 3 75% of alumimum output.
rest Litovek 50,000 ihe5 3 - 2 Hall center.
Curev 33,000 Lo Gt - 3 3 04l refinery.
Sterlitamak 26,000 3.1 - 3 « 3%of oil refining,
Ishimbaevo - Ly Ot - 3 - 2% of oil refining.
Neftedag - Lo O - 3 3 1% of oil refining.
Ukhta - 4o On% -~ 3 3 12 of oil refining.

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

# Eetimate based upon no data.
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3. LIOT OF 15 KEY SOVIET CITIKS

Naues
Hoscow Lagan
Halku Saratov
Hovosibirsk kolotov
Gorki Hagnitogorsk
Sverdlovsk Croany
Chelyabinsk Stal insk
Umsk Nighni Tegil
Kuibyshev

53

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

Combined Shars of Soviet Industrial Output

83% of airplanes 60% of oil refining
86% of tanks 25% of alumimum
73% of guns 15% of copper

86X of trucks Lh%E of zinc

4L2% of steel over 508 of ballbearings

674 of crude oil
Tr rtance
1st priority - 5 cities

2nd priority - 3 cities
3rd priority - & cities
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Le LIST OF 25 LEADING SOVIET CITIES

emes
loscow Kuibyshev Magnitogorsk
Leningrad Kagan Irkutsk
Tashkent Kharkov Grozny
Baku Saratov ftalinsk
Novosibirsk (Odessa Hizhni Tagil
Gorki Yaroslavl Kirov
Sverdlovsk Khabarovsk Komsomolsk
Chelyabinsk Jolotov Orsk
Cmslc

51
Total population: 14,103,000
Total area: 456 square miles

Combined Share of Soviet Industrial Output
90% of airplanes 257 of aluminum
97% of tanks 15% of copper
73% of guns 60% of nickel
88% of trucks LiyE of dnc
L3% of steel majority of ballbearings
67% of erude oil majority of synthetic rubber

70% of oil refining
i o rt e
lst priority - 6 cities

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



Dairen

Harbin

Hsinking

An=-tung

Fu-ghun

An~shan

u=-tan=-chiang

Kirin

Chin~hsien

Tsitsihar

Chia-mu-ssu

RSN B ety
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5. MANCHURIA ARVA
Area P
‘0 tion Sq. Km. ind, Hemarks
1,200,000 (262.0) 1 1 100% of aircraft output; chief pro-
101 ®sqg, mi. duction center for aircraft engines
end components; LO% of locomotive
and rolling stock; production center
for automobiles, tanks, machine tools,
machinery, special steel and chemi-
cals, guns and amsunition,
850,000 1 1 LO% of locomotive and rolling stock
58 sq, mi, output; chief shipbuilding center;
chemical plant; small steel plant;
124 cement output; oil refinery.
660,000 (803.8) b
310 sq., mi,
600,000 (437.7) 1
169 8Q. mi,
315,000 (303.6) 2 2 12% cement outputj production of
117 8qe. mi. trucks, automobile engines, explo-
sives and chemicals.
270,000 (91.2) 1 1 2 100% aluminum output; 7% cement out-
35 8ge. mi, put; country's largest coal mines;
sulphuric acid plant; 1 hydrogena-
tion plant and 3 shale oil plants
with amual capecity of 3,932,400
barreis of refined products,.
25,000 (123.2) 1 2 80% iron and steel output. 335 lead
L8 8q. mie smelting output,
180,000 (362.7) 2
140 sq, mi,
175,000 (16.6) 3 2 3 10% cement output; synthetic rubber
plant; calcium carbide plant;
Synthetic plants with anmual
capacity of 378,000 barrels of re-
fined products,
140,000 (114.8) 3 3 Synthetic oil plant with annual
L 8g. mi, capacity of 249,600 barrels of
refined products,
26 sq, mi,
130,000 (113.5) 3
bi, 8q, mi,
—
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Ares Mﬁifr@w
City Ew S5g, Ka, Ind, O Tpn. Hemarks
Fen-hai~mu 100,000 (34.9) 1 12% iron and steel output; 10%
13 8Qa mi. cement, outllﬁ.
TYung~-hua 80,000 2 Iron mamufacturing center. o
Ssu~p'ing-kai 70,000 (29k) 3 2 Synthetic oil plant with eotinated
11 sq. mi. annual capacity of 150,000 barrels
of refined products.
T'u-men 50,000 3
est. .
ﬂ 8Q. mi.
Su=chia~-tun 1
Chin-hsi 3 gynthetic oil plant with annual
capacity of 150,000 barrels of
refined products,
Pai-ch'eng-tmu 20,000 3
Hu~-lu-tao 5,000 3 93% lead smelting output; 90%
est. sine smelting output.
Total sise

Total population: 5,245,000
Total area: 1310 square miles

S of Manc Out,

100% of alreraft
80% of railroad locomotives and cars
100§ of iron and steel
1004 of aluminum
66% of lead
100% of zinc
51% of cement
i00% of oil refining
Majority of tanks, automobiles, trucks
Majority of chemicals
Majority of ammunition and wespons
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1 September 1945

JOINT TARGET GuCUP
PHY:SICAL VULNenAblLITY SECTION
SFLCIAL rRUWJECT PV-P82

PHYSICAL DAMAGE TO HIKOSHIMA FROM THE ATOMIC BOUMB
~~ A PraLIMINARY ANALYSIO

i, cumme

This report is an anelysis of the physical effects of the atomic bomb
on Hiroshims, The analysis of the damage is based solely on iwenty-four (24)
inch post-attack photographic cover (3ri/5M391 =- 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 re;ion of virtually total
destruction amounting to 112,5 million sy, ft. (4.0 sy. mi.) whose outer Soundary
lies between 6000 ft. #nd 7000 ft. from the estimated center of impact, and in
addition an cutlying region of scattered damage whose exact extent cannot ue
accurately determined from the available post-attack photography. The best

“ixﬂéifhl. estimate of the damage is :siven in Table 1 below:

Table 1

' f

~
Et§fi Percent of building Plan irea Damaged within Various Annuler Rings
- i i

v

5

= D*stance from Estimated Percent of Building
Wi 2 : Center of Impact Plan Ares Damaged
EONEERE
LT ] 0 to 60L0 ft. 100 percent
| RSB i 6000 to BCOO ft. 69
L =N . ‘i 8000 to 10,000 ft. 56
PO BN - -1 10,000 to 12,000 ft. 31
S 12,000 to 14,000 fi. 12
2 \ 14,000 to 16,000 ft. 3
- i

e S
e A T

(b) The type of damage ocut to 7000 i, is a combination of blast and
fire, and veycnd this distance lis predaninately blast.

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

(d) The Mean Area of sffectiveness (MAL) of the bomb computed for struc-
tural and superficial damage to average industrial buildings (excluding those of
concrete construction) is 3000 million sq. ft. (10.7 sge. mi.). A comparable Mik
for the 2000 1b. Ge P. tomb is 0.03 million sj. ft., which is 1/10,00C of that of
the atomic bomo.




2e 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 =2t
the estimated center of impact. In the absence of & crater snd in the absence
of strike photographs from vhich the bomb's trajectory could be computec, this
center was located by en examinztion of the damage, 1te position is probsbly

correct to within 500 ft.

This tsabulation, however, does nol pive & complete picture of the
extent of damage; for there is much scottered d:mumage beyond the area of virtu:z1lly
totel destruction., The qulaity of the post-attack photography does not permit
a deteiled examination of the damege 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 impertant industrial, military, and public instezllations. 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 demage to all buildin-c at that distance,
In support of this method of estimation, it should be ncted that elthough the
larger buildings present & 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 vulnerasble to damage thsn the smaller
buildings which are chiefly reeidences. In the opinion of expericnced damage
analysts, these twc effects largely cancel each other. A study of the dsmage
to these larger buildings is presented in /ppendix C, and the results have kteen

summarized in Tuble 1 avove.

3e Type of Lanmage.

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

L« Damape by Type of EBuilding Construction.

Variations in the type of building censtruction are found principally
in the industrial, military, and public installations of the city, The vulnera-
bility charccteristics 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

weapcns, 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 Vi buildings was ccmplete out to the 6000 ft. ring, and from then on there wes
scattered demage which showed no pronounced difference between the categories.
There is no apparent relationship between the combustibility of the buildings and

the zmount of damage to them,

In .ippendix C part of the data from Appendix B has teen rearranged to
show the dependence of the amount of dzmage, by vulnerability category, upcn 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 informatiocn is used in
section 5 below to calculate the Mean Arca of Effectiveness of the bomb,

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

- 2 -
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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. 13 1 0
2000 to 3000 ft. 5 C 0
3000 to 4000 ft. 7 0 0
4000 to 5000 ft. 3 0 0
5000 to 6000 ft. 10 1 1
6000 to 7000 ft. 0 0 0
7000 to 80CO ft. Y] 0 0
8000 to 9000 ft. 1 4] 0
9000 to 10,000 ft. 0 0 0
10,000 to 11,000 ft. 1 0 0
beyond 11,000 ft. 0 0 0
Total 50 3 2

5e¢_lean Area of Effectiveness.

The mean area of effectiveness of the atcmic 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
8sq. ft. or 10.7 sq. mi, This should be interpreted to mean that if a target
of unlimited extent were ccmpletely 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
8q. 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
outlying 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". In 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 Zcnes.

In the Joint Target Group analyses of incondiary 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 & 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 explesion., As an aid to the economic asses-
sment of the damage the following breakdown has been made of the distribution of
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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.
see Appendix A.

Table

For an explanation of the notation used

Demage HResulting from Atomic Attack - Hiroshima Urban Area

Pre-attack area*®

Zone Ground E Builtup Roof
Residential

Ry 76.6 42 32.2
Ry 127.4 27 344
33 777 12 9.3
50% X 1.9 22 oh
Totll 283 . 6 7603
Industriasl

't 48.1 30 1hedh
S 29.8 19 5.7
T 643 EVA 0.9
50% X 1.9 22 0.4
Total 86,1 21.4

Post Attack
Ground area Roof Area
Damage Damage
59.5 or 78% 26.8 or 83%
41.3 32% 11.0 32%
3.5 5% Ouly L%
1.3 68% (A 99%
105.6 37% 38.6 51%
3.3 7% 1.5 10%
lok 5% 0.3 5%
0.9 L% 0.2 223
1.3 68% 0.4 99%
6.9 25% 2.4 11%

# All areas are given in millions of square feet,



P
oI TAL
APPCNDIX A

Explanation of Notations Used

EE Vulnerability Classes

The symbols V1, V2, V3, V4, and V5 denote the relative vulnersbi-
lities of buildings to damage from HL 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 keinforced concrete, multi-story, earthquake resistant
structures.

V2 Inudstrial structures containing travelling cranes.

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

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

V5 Arched hanger type buildings.

IB Vulnerability Classes

R = Fire resistive: Buildings which have no significant amount of
combustible material in the structure and which will withstand all but tte
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).
R, = Residential (moderately builtup, 20 to 40 percent).
R3 - Residential (sparsely builtup, 5 to 20 percent).
M ~ 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
appe:rs 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 quality
that no damage assessment could be made.
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a

Pullt-

!:::c Site Ares
¥o. lase 1000 8q. ft.
- NetJt Clotulng Co. LY
== Teye Caa Co. 179
- Beedle Tactory 7°
- Can Factory 80
== Marine Bagine Vorke * 90
= Rubber Tootwear Factory &
- Bast Asla Nachine Tool Co. 180
== Beedle Tactory 100
- Yokogewa Klectric Mfg. Co. 1%

Hiroshiza Flant

- ' Yoksgava ER Stetion 360
- Tamara Rubtder Cou i ”
e Piroshiss Dye Plant 130
217¢  Otamgawe ER Bridge

- Rudver Factory 50
- Untdeatified Pactory 120
- Unideatified Factery & 30
== Eadio Station JUFX : 160

1885  Miteudieni Electric Nfg. Oo. 20%
748  Army Div. Headquarters 13500
- Aray Bagineering Schocl 500
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- 9
- 1008
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Butléing Construetion Asalysis of Aanct-ted Pargets

EX Vulneradtility 18 Vulnerability
Bullte
up- Retimated  Radiue from X ] c Lamage $
3ite Areu ness Roof Area Center of impact n L e g R Spectal
sinze 100V sq. 25 % 1000 eg. £t 1000 f3. » s ) s » * » » » (wuper:icial plus structural) .

Military Storage 420 08 e .1 -~ TSR — e == 1008 | N-N b
Rirsehise Vatervorks v cos 760 57 = e agh S SRS A 95 5 - of
Untdentified lnduetry o 78 € 5.6 - e e 100§ - - - 9% 108 1008
Unidentified ludustry “© 604 10 5.0 - - - 3008 o i ey 108 g08 1008
Storage Sheds 130 sof 60 5.5 = o= e 1008 - - - == 1008 1008
Toyo Textile K1) 130 sof 100 6.3 o e 9 108 o - - 9% 108 v.c.
East diroshisa RR Staticn 4oue % 80 6.2 - 108 1108 sof - - - 208 sof x.c.

M I |
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Dtetance froa Center

Less than 20CC*

Betveen 2000' and “000'

Between 4000 and £000°

Between 6000° and 8000'
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Darage Analysis of Aanotated Targets
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Damage Asalysis of Annotated Target

Aano- Die-
ta-

tance Total ]
tion 1000 Roof Ares Pre-
Distance frem Center of lapect No. ft. 10008 % Dasnge sent Damags Remerks MU SR
Betwesn 8000' and 10,000' 10 s 90 908 0p - - Blast e
n el 3% 6o% 60f - - .
32 83 500 n.c. L ok
23 83 150 15% S S P 1% - -
36 8.3 70 95% - Piea it na it s ol Al el it Blast
164 8.4 L) 95% o loniiem  w 2008990 e i Pire and dlast
16 8.6 b ] 5% o ies e jee M08 05 == Blast
et 1% = i Londey S Gl A (1 rmma' bede
35 9.0 10 108 e o les e 1008 WE ee | e
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2 9.5 160 108 - e e = 2008 W = | - . ; .
Between 10,000' aad 12,000" e 0.2 120 12¢ 06 o — — 90f 126 - - Dlast
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15 10,7 1o 65% - = = = %% 19 %5 %% Some removal .\‘ crushed Wy blast
[RUX ] w0 15¢ - .= 4wf o0f 6o 19% — -
26 0.9 20 1008 ee == == == 1008 1008 o= -
51 1.6 %0 o o o= == = 1008 O - -
Between 12,000' and 14,000" b2 230 1 - e = = 1008 1§ =~ - Possible removal
T 123 130 95% % - - = 9% 9% - -
25 (3 2220 108 e @ == == 1008 108 - - Possidle removal-blast damage, perhaps some
138 MO £ 0 o~ -~ 0 % - - firee
Adeve 14,000" 524 15.1 20 ot oo o lee Tom N0l ! O we t o |
6 155 510 1% - = 200 -~ 00 1§ —~ -
3 156 10 3% - o 208 -~ 08 3 — - Blast to miser dldgs.
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ESTIMATED BOIB REQUIREENTS FOR DESTRUCTION OF

oITY
lioscow
Leningrad
Tashkent
Baku
Novosibirsk
Gorki
Sverdlovsk
Chelyabinsk
Tbilisi
Omsk
Kuibyshev
Kiev

Lvov

Kazan

Ama Ata
Kharkov
Riga
Saratov
Koenigsberg
Odessa
Rostov-on-Don
Dnepropetrovsk
Stalino
Yaroslavl
Ivanovo
Archangel
Khebarovsk
Tula

RUSSIAN STRATEGIC AREAS

AREA OF CITY
IN_Sg, MILES

110.0

1O
26.9
7.0 59
22.0
13.5
20.2

11.5

12.7
6.6

12.6

blsels
20.0

20.0

13.1

30.1

40.0

8.8

37.8
28.7

LY
9.2

(!

14.0
16.2

11.0

10.0

8.1
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AREA OF CITY

CITY I JUTLES NO. OF BOMES
liolotov 5.7 2
Astrakhan 4.8 1
lagnitogorsk 10.0 3
Vladivostok 10.0 3
Stalingrad 20.3 5
Ufa 10.8 3
Trkutsk 11.5 3
Vilna 20.0 5
Vorecnezh 17.0 5
Izhevsk 745 2
Chkalov 10.2 3
Grozny 1.3 1
Stalinsk 10.8 3
Vizhni Tagil 17.3 5
Penza . 5.8 2
liinsk Le2 1
Kirov 5.3 2
Tallinn 16.0 L
Kemerovo 5.0 2
Ulan Ude 22.3 6
Komsomolsk 5.0 2
lurmansk L0 1
Belostok 6.0 2
Vitebsk 3.9 1
Zlatoust 5.6 2
liakhach Kala 1.8 1
Syzran Sels 2
Chimkent 13.4 L
Batum 3.9 1
Kovrov 1.8 1
Orsk L8 2
Kamensk 4.0 1



& FEESERE % -

AREA OF CITY
CITY IN _SO.MILES NO. OF BOLBS
Brest Litovsk L5 1
(urev LeQ 1
Sterlitamak 3.1 1
Ishimbaevo 4.0 1
Neftedag 4.0 1
Ukhta 4.0 1
TOTAL - 66 Cities 901.3 204



