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III OF ,4.. CM5% ARIES . b .. .

r 26 September 1945

MEMORANDUM FOR IUtJOR GENERAL LJtURIS NORSTADa

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

2.'irhe number of bombs for the minimum K-Day stock and the

optimum stock are high because of the following taotorss

a.° The estimates are based on en. area of total destruction
and amounted ta. four square miles with an outer bomb damage of 6,000
to 7,000 feet. An area at least twice that should be used. While
th\ damaged area of Nagasaki was' considerably less than tTsat of
Hiroshima it was because the target was not suitable in miss" or shape
for-the miximum effectiveness of tho bomb.

C_. b. It is not essential to get total destruction ot.a oityin
o sr to destroy its effectiveness. Hiroshima-no longer exists as a

city even though the area of total- destruction is considerably less
than total.

Yom, S. In the limitd time available no detailed analysis-has been,,.,
made of-the report but my general conclusion would be that the nwjtber

ci' bombs indicated as requiredj'ts.oxoessive.

own out and theaonorete buildings remained intact the windows were b
interiors were gutted. While the buildings dsuld be rebuilt they were
made unusable fqr a considerable period. The Nagasaki bomb,did more
damage to reinforced concrete buildings. .1lhile our studies are not
ooiapletid 'it is believed the final results will show a greater .radius
of destruction for such buildings than is indioated in the report.

a. While at Hiroshima the frames of a,number of reinforced el
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ADI11III AIILY TO
1COMMANOIMO S NRA&. ARMY AR FORM

WAOHWOTG/-D. C

WAFT, DEPARTMENT

HEADQUARTERS OF THE ARMY AIR FORCES

WASHINGTON, D. C.
'\J

MEMORANDUM FOR MAJOR GENERAL L. R-. GROVESs

l..,A Subjects Atomi,.c -Bomb Production

h
1. The attached study has °been directed tc+rd e9tabliahing.

an official Army Air Forcest view as.to the number off' atomic bombs
which should be available in order to insure our national security.

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

Incl:.. /_LAURIS NORSTAD,
- Study abv Major General, U.S.4*
sub3 w/Tabs A,B, AC/AS-5.

T'HE DIVISION, OF CLASSIFICATION, U.S. ENERGY

RESEARCH AND DEVELOPMENT
ADMINISTRATION, HAS

pETERMINED THAT THIS DOCUMENT CONTAINS 410

RESTRICTED DATA ORFORMERLY
RESTRICTED DATA,.

TO ITS DECLRSSIFiCAT[OM.FDA kIAS ZIQ OBIEGTIQN
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1. TO-determiae the United States requirements for atomic bomb stocks

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

a. The United States must be prepared to conduct offensive onA,A+A -
against any other.world Power-or combination of powers.

eapaole of attacking'the strategic heart of any potential enemy..

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

d. Extensive research regarding the strategic vulnerability of all
major powers i11 bw

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

FACTS BEARING ON THE PIOBLM2

experimentation is extremely difficult However, photo analysis of the results

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

o wined on the properties of this wea
of information bt I

these were spectacularly successful. Various conditions limit the reliability

in the interim post-war` era.

e

of bomb requirements:

3. At the conclusion of 'brld War II the United States first employed
the revolutionary atomic bomb. Only two such bombs were dro pPeed on Japan-but

approximately 7000-feet.

r tm p o o reconnaissance.interpreted f o h

pee of the results of the Hiroshima bomt
1 _I?Tab "B" is a more com 1 t

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

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

re very expensive, cannot be pr

4 The characteristics of this weapon are such that it cannot be regarded
as "just another bomb." These bombs a

highly'skilled'"and specially trained personnel.

5. There is no approved poduldtion program for the atomic bombs,.





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

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

that the United. Otates 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, tJ® United States would be desirous of

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

that the requirements established in this paper contemplate an 11-Day force

capable o 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,_powgrful 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 6o 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 useq asa 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 Russian

strategic vulnerability prepared by MIS, WDGS, is presented as TAB "AH.





7. It is to be emphaaf ed that reliable information on any phase of

Russian economy, industry, population and transportation is extremely scarce

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

in TAB "A" are the best estimA.tes available but must be accepted only insofar

as they provide a basis for rthe present study:"

8. As a foundation, a list was compiled of all Russian cities having any

major strategic importance. These 66 cities were plotted on the map shownas

Appendix '"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 88r%, 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 induial 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 bulky all major industries upon` which

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

pn y in aluminum and oil refining is there any significant increase in percent-

age produced between the first priority-pities 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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The radius of -any known operationally proven long-range bomber is 2000

4

our experience, with the liombs,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 of these 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

eachof the entire 66 cities.. In assessing the necessary number of bombs,

the cities were classified by size. For this purpose it was estimated that

six bombs would be_sufficient for the largest city. The total requirement

Tab "C" is an individual tabulation ofth bomb requirements' to destroy

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
w.

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

destructive area of each bomb is approximately 4 square miles. ..

11. An important function of the Army Air Force is the protection of
,j rider this, cyst n is bombs as. an optamum.

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.

miles f6r the B-29. Appendix "C" to Tab "A" illustrates the fact that an

arc suUtended 2000 miles from any area of strategic importance in the United

States falls'upon "areas under--fur control or that of nations friendly to

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

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

ively neutralize any such installation. Therefore,, an additional requirement

establishjjr g simultaneously more than 10 such bases: One .bomb should effect-

of ten bombs has been estimated for this_purpose.

or suicide tactics (one-way trip) be used, strategic anus of'eithertssia

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

or the Upited States would be within range of bases located in the other

country. A situation under these conditions would become a mammoth slug-test





in which the united States would attempt to defend her own vital installations
while launchig> a knock-out blow at the enemy as it would obviously be impossible

to neutralize all.enemy launching bases in'-his ow9ountry. 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 bepresently 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 terrainffeatures'such as the Dardanelles,`1Yel

Canal, and the Suez Canal,"which.ard exceptions. An allotment of 10 bombs has

been reserved for this purpose

13. There Are no operational experience factors available whichosely

parallel the conditions under which this bomb woul-d-be employed. However, from

an analysis of-B-29 operational and 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 (35001). Probable

losses are also difficult to assess. Unl$ss 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

difficul&conditions-of weather, vast distances, and fanatical opposition.

_';1thout delving closely into operational details it may be assumed that the

United States would employ this- weapon in sft-amanner 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

-5-
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exceed those encountered by the Eighth Air Force in the early days of the

European 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 pbtained. Integrating losses and bombing inaccuracies it

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

'14. Appendix-"B"" to Tab "An slows the range, coverage of the USSR 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-29can

only4reach the important Russian strategic centers from bases in Europe and

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

the.B-36 becomes oiler Tonal 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. I -\ -

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

a critical fadtgr in _thedetermination of requirements. Necessary security,

speci, storage requirements, and expense dictate that most of the bombs should

be centrally stored in the United States and dispatched to the staging bases

immediately prior to their employment. Special consideration must be given to

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

small 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 easd of delivery,

-Total 59

CONCLUSIONS

optimum

Fbr destruction of 66 cities of
strategic Importance - 204

For neutralization of possible
enemy bases in the Weatern
Hemisphere - .10

For Strategic-isolation of the

battlefield -

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

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 bo fn,employment during-a prolonged

struggle agaihst iiiaited targets such as naval vessels, individual factories,

18: -Dr-summary, it is cojwuted that the United states requirements for

stocks of atomic bombs are as follows:

Minimum

For incapacitation of 15 first
priority. targets -

For neutralization'of possible
enemy bases in the Western
Hemisphere -

For strategic isolation of the
battlefield - .10

minimum M-Day stock Of -123 atomic bombs and an optimum stock of 466 atomic bombs.

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

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

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

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

(3) The minima requirement derived*in the basic study be accepted as
I

.

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

for the atomic bomb.
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Project No. 2532

Date 22 AM M

A SLhTl7GIC 1iAB't r :tcrAIN F.U;asi M

AND H 1CJAJh1AN URBAN AM

1. ],aatint of i>stic.

RRue In preparing the statistical data for the
U.S.S.R.aupon which project Is based, certain problems had to
be overcome. These arose chiefly from the fact that 5A.MW instances
oaw,plete3y tap-to-date figures are l ckitlg, which has made it necessary
to bum calculations upon prowwtr reports. In this sonasatiion, it is
lspmtaible to assign relative Industrial importance to cities destroyed
in the course of the war and sum ently in the prosews of rebuilding or
to determine how large a proportion of their previously evaanated rpcpa'
lations have returned. It is 4I difficult to approximate visa of in-
dustrial communities which have mushrocmd during the course of the war
and where, in m ny asses, major installations are outside the city
proper. Industrial output itself is subject to estimate as to current
breakdown by coeaiunity, while no .census has been taken sins 1939, and
only scattered reports on population shifts have been received.

in order to present as complete and accurate a picture as
possiblo,t has been necessary to accept certain measurement standards.
i opulation figures given are based Won the 3.939 census amd to
incorporate *11 known changes. Itdastrial importamRte is upon
estimated 1945 production, although it is recognised that, wing this
method, full weight cannot be given to forces 16dastrial ccassan tiesi
in areas overrun by4the C+epmmns and now is process of rebuilding. Cos-
eunication centers and oil producing areas are rhted on the basis of

latelst available information. Community areas *ft shorn mainly by
computation of 1939 atlas information corrected with atpr positive knowledge

of subsequent changes or An caws where 1927area~d only was obtainable

by adjusting else proportionately to population increase.

The cities selected for this pr ject represent a major portion
of :soviet economic installations. Based upon evidence at hand they in- '

elude; 95 percent of airplane output, 97 percent of tank output, 73
percent of guns, 88 pea<cent of trucks, over 6? percent of crude oil,

43 percent of steel, almost 100 percent of aluminum, 60 percent of
nickel, 48 percent of lead, 44 percent of sins and 95 percent of oil

refines capacity. In addition they include the,lajdrity of machine
building and ball bearing plants, the majority of synthetic rubber
factories, the main river and seaports and,most of the main railway
Junctions.

b. Nanohur Area. In the absence of up-tc date, reliable infor-

mation, potitan and area figures for Manchurian cities are based
-largely on the official Japanese eecsus of -1140. The area included
within a municipality doss not necessarily comprise only built-up portions

but - also embrace outlying sections. Since Japanese occupation of
Marschufia ruwW cities have been considerably developed through industrial

14
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earparusiert and inclusion of adjoining areas to the municipality. The
Japanese have frox time to tie raaswneed samieipal 46T02apsrnt th>rerugh
Douse. I(eesnt fipree relsawed SM Mrkdsa a psprelatirs of 2,480,000,
Hsinkin6 770,000 and beirwt 450,000. t5aiy the latter flgwe has bees
used as reflestiaj a rsaaaaalrle inn-ease. Cities withaaR listed paprr-
lation s are estimated to be tuba 50itil sea figures are not
currently available for some of the r :omm muities.

o. 9-AUMMIQUA AM. The situation in China is curt ntly
oo fluid as to preclude aW ascurate account of Chinese Capmog " at'ess.
However, it is kslons_ that the Communists' war-tine bee areas rer"2a
rat a single large city; their-industrial establis)rents or. very lereig-
nifioant. Sore of the large cities in North Chins which are witidn the
now occupied kV the Japanese are, an the ether hand,, Mrs u r a petes*ial
threat of being taken by the Chins. C' mmm i ts-during the proaaw of
the ismrsa sr Of Japanese trdape. The two largest of thsa*.cities are
Peiping and Tientsin with population considerably above 1,000,000, the
letter city being an important momifaaturing oenter. Other larger
cities in North (:Mina with populations of 500,000 or less inside I i-
sui, T&-t'ung and Kalpn (ltiarrwh'6sn) in purr Mon;polia, Taipwaa (TaM-
cht), capitol of Slani Province, Ch'ing fuse (raotiz) in Hopoh Proving#,
eb' in-huarig-too and Shsn-rai-aauan, important port cities in ?bpehnce,
'T`sinan and Teingtao in Shantung Province, and Yaiferg in Honarr .
Chinese Communist troops operate in the vicinity of all of these cities.

0
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2. LL d?1' C1'UE& (M . `VIS3 rAWX T

Appar.or.

xst3 t d AM Prto,itp IN16"A"
City W id)

Moscow 4,000,000 110.0 1 3 1

Laaningr.d 1,250,C00 40.4 2 1

Tashkent 850,000 28.9 3 -

baku 809,000 7.0 1 2

4ovosibirsk 750,OUO 22.0 1 - 1

G;orki 13.5 1 3 2

Sverdlovsk 600,000 2D.2

Chelyabinsk 550,000 X1.5 1 - 1

Ibilisi `'519,000 12.7 3. - 2

cask
T

51,,000 6.6 2 - 1

Kuibyahet 500,000 12.6 1 3 3

13% of A" s pd,
4% of ttrusk out,
2 of ossa ,

35% of snug ontr %t,
oil

plant.

Own aesrtsatur., Mdp-
bui141pg, .eshitAObuildW.

svehiatbuilUtlaNrg
ttoctilo mills.

6l% -Of crude oil Output,
49% of ail vsfbft,
1% of .tool Output,

,na0hifltbin'lli1l.

11% Of 'PUM MAPOA
lriaswaxa tug, optical

gaoo wa faetwro.

11% of planes output,
24$ of tank output,
45% of Via output,
0% of tawk output,
oil MUM,
aoMawbui14tu.

9% of tank output,
117E, if grin outpr;t,
1% of Stool Output,

machindbull4itng, tire
plant, ballb.arin` plant.

13% of Qh output,
44% of stric output,
ferro&lloy atltty,
aaohinattuilding.

3% of plant output.

5% of pleas output,
9% of tank eutput, Sirs
plant, raohitnsbrt MIng.

gm

of fou, oil
ran "m ballbssring
plant, a shinsind I dun .

(* k ero atsom are of Ci.6.4.1%. production)



am
kstiwted Axon I'rLoarity 1ndMrutarW.

s is) 101- LU mt str.

Kiev 425,000 64.4 .3 - 2 .

Lvov 420,000 20.0 3 2 2 Oil refineries.

Kasaa 4+02,000 20.0 1 - 2 13S of plnms output.

Al s Ata 400,000 13.1 3 - - liusperitiotl Masr*Mfaeture.

1sk rkov 400,000 30.1 3 - 2 ?restor fM or7,
W *hiswriRtildieMB.

Rica 393,000 40.0 3, - 2 Wohinebuildthj.

Saratov 376,OW 8.8 2 3 3 8% of pl Wit,
all refinsr7, be''bear ing
plant, MaaelMirnbMdldirMg.

hoenigsberg 370,000 37.8 3 - 2 Shipbuilding.

Odessa 300,000 28.7 3 - 3 Maohin *mu'lding.

fosteron-Don 300,000 14.4 3 - 3 hina ldLng

Dnepropetrovsk 300,00Q 9.2 3 - 2 steel MI U.

atalino 300,000 7.1 3 - 2 steel Mill.

Yaroslavl 298,000 14.0 2 3 2 2% of truck output,
2% of oil rSftA1r4,
synthetic rubber plants.

Ivanovo 285,000 16.2 3 - 3 - Textile stills.

Archangel 281,000 11.0 3 2 Lueber mid.

14habarovsk 273,000 10.0 3 2 2 1K of oil refining,
,aeahindmil ding.

Tula 272,000 8.1 3 - .3 Shall area manufacture.

Molotov 255, 000 - 5.7 1 3 3 17% of in output,
oil refinery.

Astrakhan 254,000 4.8 3 - 2 Shipbuilding.

Magnitogorsk 25 ,000 10.00* 1 - - 17% af.steel output,
.hellesae manufacture.

Vladivostok 250,000 10.0 3- - 1 Shipbuilding(,

maahin+buildi,ng.

++ `r<etimate based upon no data.
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APpMW_
hatimstsd l Frioriity I0iwtr#ol

Qits 3d. 2a It ANON e

St&1tz rad 250,000 20.3 3 - 2 Trsstor tact i', stoolam, ilydit.
Ufa 216,000 10.9 3 2 2 5% of ol3. ratisiq,

. awe-1 I.
Irkutak 243,000 1.1.5 2 - 3 3% of plans Output,

go asimfastaro,w"."
rilm 20!10000 20.o 3 - 3 Light tab.stri,.s.

/- Volonssh 200,000 17.0 3 - 3 Woidndmi AIm.

Ishawk 176,000 7.5 3 - - am f.stxro,
aehis.wsldi.

Chko1 173,000 10.2 .3 - 3 2% of plan autpnt.

f;roetq 172p000 1.3 3 1 - 10 of oil reflaig8,
bpi sf sr.3 o!1 ontpat,dlr.

8taliask 169,000 10.8 1 1d of stssl output,
25% of a14' output,
XWW=tisr fae%We.

Nishni Tegi1 160,000 17.3 1 - 3 31% of tank aatpm,
5% of stool output,y hin .,i1Ai g.

Fogm, 157,000 5.8 - 3 - 3 Oua Afaottrs.

{bask 150,000 4.2 3 - 3 aohinsbaildiog.

urv 143,000 5.3 2 - 3 11% of tank output.

Tallim 1,38,000 16.0 3 - 2 Yschth u4ldin8.

133,000 5.0** 2 - - OM wMafssturs, giant
nitrops p1 *.

tilers We 129,000 22.3 3 - 2 Krohi building.

Kosaorwlsk L27,000 5.0+«a 2 3 3 2% of plans output,
1% of stool output, oil
r.fissr, shipDnilding,
Naohisswildit,g.

117,000 4.0 3 - 1 shipbuildirq.

Estimate based upon no data.



'8s4tissts8

S.lostok
110,000

fit.hsk
100,000

Z1atoust
99,000

Malrhaeh Kala 87,000
5raran

77,700

Ckialo.aA
74, 000

Battou
71,000

K * v r o t
67,0t7o

Orok
66,000

Kaa.ersk
50,960.,..

brat Litovsk 50,000
ourov

33,E
stsrlita.ak

26,000

Zshiabwevo -
!Mtt.da8

-

Ukbtu
-

App"K.
Are* l'rioritl

11aOwatr

6.0 3 - 3 isxtil. att s.
3.9 3 - 3 llasMi i]Airt.
5,6 3 - - 2% of .test output, gmate, as+uas-lwi]dit,

1.8 3 2 2 39 of oil refiaitK.
5.4 3 3 2 Oil r.flauay.

13.4 2 - - 40 of laa4 artptt.3.9 3 2 2 1% of oil r.tiairg.,1.6 3 - 3 c i o a a %fasta r..
4.8 2 2 3 7% of oil r.tiuuiux,60% of nislml .utpnt.4.0k* 1 - 3 75% of alwrima output.4.5 3 - 2 Rail ornt.r.

4.Ok* - 3 3 Oil r.ti:wry.
3.1 - 3 - 3% of on r.finith.6.0 - 3 - 29 of oil rst1aft.
4.0** - 3 3 1% of oil r.tinini.
4.0kv - 3 3 1% of oil rotinin .

Total population of citisst
21,784,600Total ar.a of citi.ri 901.3 square ail.s

tiaat. booed upon no data.



Approx.
1UMiK Aroft b'rl oriy

Citz FgOaAgm (.u NO mot. oil
IWOROWLS1

A 3ta'ktk NNIM"
Balostak 110,000 6.0 3 - 3 T+sxtile wills.

Yitebsk 100,000 3.9 3 3 %ft'im wWil,divs.

latoust 99,000 5.6 3 - $ of stool auto, dun
now"sturs, wwhiws-
building.

kakhach Kala 67,000 1.8 3 2 2 3% of oil refining.

5ysren 77,700 5.4 3 3 2 Oil refinery.

Chiwksnt 74,000 13.4 2 - - 480 of lead output.

Retort 71,000 3.9 3 2 2 114 of oil ref iaizi.

Kovrov 67,000 1.8 - 3 Gun a ia ufaature.

Orak 66,000 4.8 2 2 3 7A of oil retini ,
60% of nickel output.

Kawnsk 50,900 4.011# 1 - 3 75% of aluminum outpu .-

crest Litovek 50,000 4.5 3 - 2 hail cantor.

Gurev 33,000 4. ()Ii* - 3 3 (Al refinery.

terlitarak 26,000 3.1 3 - 3% of oil refining.

Ishiwbaevo - 4.0*e 3 - 2% of oil retiitim.

$eftedag - 4.Mit 3 3 19 of oil refining.

Ukhta - 4. 3 3 1% of oil refininn6.

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

Itistlaate based upon no data.

tj



3. LLA (Y 15 107 OVThT CIT I :

1. wines

Moscow
baw
Novosibirsk
Gorki
I3verdlovsk

Chsi abinsk
task
Kuibbshev

2. Sias

Total population: 10,151,000
Total great 277.3 square wail.ss

3.

4.

tow
Molotov
Uagaitogorsk
Gro»gr
Avilnsk`
Mishni Tagil

Cgrs) nad $hsre of Soviet Itxiuat4ii4L1 0utwt

83% of airplanes 60% of oil refining
e6% of tanks 253 of slusi
73% of guns 153 of copper
86% of trucks 44% of zinc
t of steel over 50% of ballbearings
67% of crude oily:

4

Transport I* ortanoe

let priority - 5 cities
2nd priority - 3 cities
3rd priority - 4 cities



4. LL";T (! 25 Z.

Moscow
Ladvgrad
Tashiosnt
IN"
Movosibirek
Gorki
averdiovsk
Chelyabinsk
Desk

M ;;,Y3.x" CIT

ruibyshev tagtitogorsk
Kazan Irkutsk
Kharkov Grosep
aratov : tslinsk

Odessa Niahai Tagil
Yaroslavl Kirov
Khatsarovsk Kc.sceolsk
]Eolotov Orsk

Total pointlations 14,103,0W
Total area: 456 square ni1es

3. Cued Share of .soviet Industrial Output

90% of airplanes
97% of tanks
73% of Pno
88% of trucks
43% of steel
67% of crude oil
-70 of oil refining

4. 'aransport Isportence

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

25,t of aluai a
15t of copper
60% of nickel;
44% of i no
majority of ballbearings
majority of synthetic rubber



5. Mctx

city 1'200atiaa N. )n. xg. oil - T06-

Makden 1,ZX), 000 `(262.0) 1
101 sq. ni.

1

Iairen 850,000 - 1
58 sq. ni.

1

Harbin 660,000 (803.8)
310 sq. ad.

baulking 600,000 (437.7)
169 sq. Aki.

1

An-tug 315,000 (303.6) 2
117 sq. ni.

2

!7u-shun 270,000 (91.2) L
35 sci. ai.

1 2

An-shan 215,000 (123.2) 1
48 sq. ni.

2

!tu-tan-ahiand 180,000 (362.7) 2

1' 140 sq. Mi.

Xirin 175,000 (16.6) 3 2 3

Chin-hsien/ 140,000 (114.8)
44 sq. mi.

3 3

7aitsihar 135,000 (66.9)
26 sq. d..

3

Chia-*u-ssu 130,000 (113.5) 3
44 sq. ni.

1" at eirarntt antput; o of pro-
4 stL.e .Nett*r for airezott sry}ws
WA .aspatieaNks; 4a% at 3a smontivs
aM ralliN artoak prrdaatlo .inter
for wAssribilw ti t, urts ii4 tools,
Neekla ry, .jnsisl Z4 and shmi-
pals, pas sd AWWW ltion.

4C of loomotive and rolling stook
ontptt j ohiet .hipbr*Udita8 oaartar;
sh tool plant; .soul s# 1 plard;
12% ososnt output; oil r.flaaary.

1$ osrnnt output] proAi ot.ion of
. tru. , a . 0404", UPIO-
Gives and ahsrdeals.

Inng alurdisaa output; 7% .swim out-
p ; o .*tr7' 1 largest coal Miami
sulphrurin said plash; 1 h dxoBsrn-
tion plant send 3 sbrl.s all plants
with atstual ospaaity of 3,932,400
barrels of refined po ctn.

60% iron and steel output. 33% lead
a .1tift output.

10% oaa, nt output; ep4h.tic rubber

Synthitia plants
carbide

anrnalj
oapaoity of 376,000 barrels of re-
flood products.

Synthetic oil plant with sm n3
capacity of 249,600 barrels of
refined products.



AM
chi
i'ra-iii 1u0gM,000 (3 .9) 1

13 sq. ad.

TO = 440& 00,000 2

gyp'ie--kai 70,E (29.4)uiq.mi.
3

2

7'n-wan 50,E 3

x xaan 50,000 (70.0)
set. set.

a

$ Ir at.sl t1 101

Iran aooafaetaw4u6 osotoar.

slatho i* oil plant with eatiaMat0
otarpi wpeeityl of 1j0,000 bsfl!0ls
of refined prolknu.

27 sq. at.

su-chi$-tail

ChiT-Mi

1

3 oopwtti' of 1!0,000 bwrela of
refirw d prod"u.

Pai-ch' sng-tImt . ,. 20,000 3

Ha-la-taa 5,000 3 33% load orltinj Output; 90%

Oato
tine aNasltity; output.

TOW poprlatine' 5,2i ,000
Tbta1. atom 1310 a quay s sills

goAmh.d shame of 1Wmh4s'ian It duct ial 0utiW

100X of am-aft -
Ills of railroad lescuotir'ee and Can

10 of Iron aM steel
1008 of almdsrws
660 of laM

100% of aim
51% of ems"

1" of 'oil rsfistiog
Wi3oorif,W of tad s, sato.obilse, truck.
Ma,3gvit,7 of sbadtals
Majority of assnnition W4 lraa WW



LIST OF S()Ukm

Docum. s in Politipal Ilrenoh files. (Top C.cret)

F:aonowies of socialist. Indwltrr, Moscow, 1941. (Unclassified)

Soviet Ynfc t MAIASn, t;ashington, 4 Jul 44. (Unclassified)

w y 30 Dec 44. (Unclassified)

SD, Moscow, Cable 2337, 30 Jun, MIS J1 29 of 4 July. (Confidential)

,ioecow Rs4io, 15 Jul. (Unclassified)

SD, Moscow, Cable 2630, 19 Jul, MIS Jl 119 'of 24 Jul. (Confidential)

SO, Moscow, Report 643, 3 Jul 44, HIS 35778. (secret)

MIS, Soviet Aircraft Production, 1 May 44. (Secret)

SD, Kuibyshev, Report 251, 15 Feb 43. (Confidential)

SD, Moscow, Airmail 20, 28 Jun, MIS 189828. (Confidential)

Bureau of Mines, Mining Industries of the Soviet Union, Aug 44. (Secret)

SD, Moscow, Report 3, 29 Jan, MIS 159225. (Restricted)

SD, Moscow, Report 1501, 23 Feb, MISS 160734. (Confidential)

Isvestia. 5 Jul.' (Unclassified)

sD, Moscow, Report 1384, 11 Jan, = 119106. (Restricted)

Likhoa_ksarskaya .:Yesda, 22 Jun 44. (Unclassified)

Tru , 6 Jul. (Unclassified)

SD, Mos0dlr, Cable 1793, 29 May, MiS Jl 151 of 31 3Lay. (Confidential)

SD, Moscow, Cable 1260, 27 Jan, MIS J1 144 of 1 Feb. (Confidential)

Ri.A 2094.3, 1 Feb, MI.3 123406. (Confidential)

Great Soviet Atlas, Vol. II, Moscow, 1939. (Unclassified)

am"negm of the Moscow, 1939. (Uclassified)

RussianMconostle totes No. 14-1, 30 Jul 39. (Unclassified)

Janis 73, Joint Army and Havy Intelligence Study of Southeastern
Siberia, Feb 45, MIS 11". (Secret)

0ss, R&it 2750.4, 1 Jan, t(X2 117569. (Confidential)

U.S. .inbasay Report, Moscow, 1 Sep 44, Mis 87575. (Confidential)

U.S. 1abaesy Report, Moscow, 4 Dec 44, 'HIS 100417. (Confidential)
9



I

:.U, Moscow, Report 7, 24 :;+ap 43- (t ecret )

Official Map of the people's Casmtissariat for Transport, 1940. (Unclassified)

;,ocket atlas of the Moscow, 1941. (Unclassified)

roopomias of TranauorE Woecow, 1941. (Uno1eaeifiad)

MA, Vladivostok, heport 13-44, 8 Jun 44, 111H; 58410. ( `secret )

Moscow, Cable 2632, 19 Jul, LX J1 228 of 25 Jul. (Confidential)

kLU:CCrm, Moscow, 16 Jun 44, W1.3 JI 78 of 20 Jun 44. (Secret)
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Mfi, Moscow, Cable k 25387, 22 ;.ug, Jl 206 of 22 kkug. (Secret )

011I, `.erial Ho. 73-44, 10 Jun 44, Wl:s 44847. (`tecret )

The Far Past Year Hook 1941.

Manchuria - China Travel Year Book, 1944.

Japan's Position in Liruid Fuels and lubricants (estimate try Joint Far
Last Oil Committee and Report prepared by 1I.-l under the direction of
the Joint Far feast Oil Committee) 10 August 1945. (&eeret)

The F;qui;xoent and Capacity of the Iron and steel Induitry under Japanese
Control, Foreign Cconcaio Administration, January 1945. (Confidential)

Japanese Controlled Ceaent Industry, Foreign 4,conc is Administration,
August 1944. (Confidential)

Carsaittse of Operations ,nalysts Study on .Non-Ferrous Metals, No ember,

1943. (Secret)

Target Study southern Manchuria, Headquarters Al ied t.ir Forces, 8.C.C.8.,

15 July 1945. (Confidential)

fiattctuuria, 1931-1945, Ministry of P:oo x is ? artare, January 1945. (Secret )

Map of Japanese atd Chinese Held jirsas in China, 1:2,000,000 (orerlyy 2ns

Traxisportation Map, AME 5201, sheets tit: ynd SIC March 1945 (Confident l)
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I. ESTIMATE ASED UPON 'NC DATA

IS SELECTED SOVIET CITIES )PROOUGT)ON PERCENTAGE) I

aS SELECTED SOVIET CITIES )PROUUCTION PERCENTAGE)
I

RUSSIAN CITiES (INDICATE

MOSCOW I
40905*

0 B3%
I I

I I

I

$6 TANKS TASIIKENT, AMOK, I—

irN0005IKINOR
I

u IN070SI8INRK
I

3 02115 00
I SSWW1 II GUNS

J SVEROLOTRK I
I

I SAERCL005K BK TRUCAS ONELTABINSK
TRUCKS

I

42 II0TUL 43 11T1TEEL
I

'2
P

CIIELOAKINRK KUIKTSAET,RAZ2J1.
I

I I

I , II I

KG K0005ES A

________________________________________________

DAKU,
I I

I

U
I

I

ISANATTU

________________

25 II ALUMINUM
MOLOTSU 25 ALUMINUM

I

IT

—

I MOLOPTO
I

j MAN$ITONORDK
I I — — II

KUIBTSIIER
r

I

I

1CROUE OIL
IOIL REPINING 0

II

I MAGNI0000ASE 15 COPPER RRDZNT, IN I

COPPER

I II

'2

STALINDK KINDS,
I - I

>
GRCZNT 44 II ZINC NIZNNI TAbIL NT NICKEL

I

MAJORITY BALL KEARINUD ( KUMSONTLDK
I

I I

0 0
NSTALINSK ZINC

It
IfIZNNI TNSIL

'1

____________________________________________________________________________________________

TOT A

TONAL POP 25 V. 50% 75 V 247.3 SUMILES 14,103,050
I

21,184,620
101 151,000

I

TOTAL AREA TOTAL POP 25% — 50% 75% 456 MILES TOTAL POP

II

TNANSPONT IMPDNTANCK — I NT P8108107—S CITIES 2ND PPIORITS -3 CITIES, 3RD PRIORITY - N CIDIES
IMPORTANCE —. 1ST PRITRITO K CITIES, —W NC PRIORITY - K CITIES, TAD PRIORITY - N CITIES H MAJORITY TY lULL AELRINOS SYNTHETIC JAN18, AND NIl

MAJORITY SE ANT SYNTHETIC RUNNER
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1 September 1945

JOINT TARGET GhOUP
i'H7 ICf'.L VULNr:RAbILITY SECTION

SPECIAL PHGJECT PV-P82

PHYSICAL DAMAGE TO HIROSHIMA FROM TiiI ATOMIC J)MB
-- A PRELIMINARY idNiLYSIS

1. Summary

Thifl report is an analysis of the physical effects of the atomic bomb
on Hiroshima., The analysis of the damage is based solely on twenty-four (24)
inch poet-attack photographic cover (3PW5u391 -- 7 August 1945) and so this is
a preliminary report subject to revision when additional information is made
available from ground surveys or other photographic cover. The principal con-
clusions are as follows:

(a) The area damaged consists of a compact region of virtually total
destruction amounting to 112.5 million sq. ft. (4.0 sq. mi.) whose outer boundary
lies between 6000 ft. and 7000 ft. from the estimated center of impact, and in
addition an outlying region of scattered damage whose exact extent cannot be
accurately determined from the available post-at-tack photography. The best
avai estimate of the damage is given in Table 1 below:

Table 1

ercent of Building Plan Area Damaged within Various Annular Rings

Percent of Building
Plan Area Damaged

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

10,000 to 12,000 ft. 31
12,000 to 14,000 ft. 12
14,000 to 16,000 ft. 3

the atomic bomb.

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

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

(d) The Mean Area of Effectiveness (MMA1) 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 sq. mi.). A comparable UAL
for the 2000 lb. 7s. P. bomb is 0.03 million aq. ft., which is 1/10(,000 of that of

All
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2. Area Damaged

In determining the ratio of destruction to districts, circles with

1GW ft. and 2000 ft. radii were used. The center of these circles is at
the estimated center of impact. In the absence of a crater and in the absence
of strike photographs from which the bomb's trajectory could be computed, thLe
center was located by an examination of the..damage. Its position is probably

correct to within 500 ft.

This tabulation, however, does not give a complete picture of the

exyent of damage; for there is much scattered damage beyond the area of virtually

total destruction. The qulaity of the post-attack photography does not permit
a detailed examination of the damage to each building in these outlying regions.
The best that can,be done is to assess the damage to the larger buildings in the
more important industrial, military, and public installations: The percent of
theme buildings damaged at a given distance from the center of impact may then
be taken as an estimate of the percent of damage to all buildings at that distance.
In support of this method of estimation, it should be noted that although the

larger buildings present a larger area to the blast wave and hence might be
expected to receive more damage than the small buildings, on the other hand the
larger buildings are stronger and less vulnerable to damage than the smaller
buildings which are chiefly residences. In the opinion of experienced damage
analysta,"these two effects largely cancel each other. A study of the damage
to these larger buildings is presented in kppehdix C, and the results have been

sw arized in Table 1 above.

3. Type of Damage.

Within the area of virtually.total destruction the damage is due to

a combination of blast and fire. There is little evidence of fire damage outside

this area except in a few cases where fires were probably started by secondary
explosions (such an that of the gas works) rather than by the bomb 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 found principally

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

There was no damage to Vl and V2 buildings except in the portion of
Target 54 which is clearest to the point of impact of the bomb. Destruction of V3
and V4 buildingr was complete out to the 60PO ft. ring, and from then on there was
scattered damage which showed no pronounee&-difference between the categories.
There is no apparent relationship between the combustibility of the buildings and
the amount of damage to them.

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

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

- 2 -
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mast be determined
by and damage sustained by these build-
by a
e ahgr fey.

The umber,

damage

ings is shown in Table 2.

Table -2.

Damage to Concrete killings

terCf Total No. of Number partially go. Completely
enromDistance dfnasYnil Dent d Destroied

of iim*at .

0 to 1000 ft. 10 - 1
11000 to 2000 ft. 13 0

2000 to 9000 ft. 5 0
0

'

7 Q-
to 4000 ft.3000 0 0

4000 to 5000 ft.
10

1 1
5000 to 6000 ft. 0 0 0
6000 to 7000 ft. 0 0
7O00.}to 8000 ft.

1
0 0 .

8000 to 9000 ft. 0 0
9000 to 10,000 ft.

1 0 0
1O,09Q to 11,000 ft.
beyond 11,000 ft. 0

0 0

Total

50 3 2

5. Mean Area of Effectiveness.

The now area of effectiveness of the atomic bomb for structural and

superficial damage to V3 and Ti, buildings (which are average-multi-story and

single story industrial buildings respectively) was computed to be 300(million

sqo ft. or 10.7 sq. at. This should Interpretedt
building' ofathis type, the

of unlimited extent were completely is in excess of_the
the
4-0

damage would have been 10.7 sq.mi. This of course,

sq. at. of damage stated for the area of virtually complete destruction.
Thwhicih

figure of 4.0 sq. at. does not include additional a«s i r,

such of
which

could not be measured on the available photography,
outlying regions which were within reach of the effects of the bomb but which

were in fact not builtnp.-

The computation was per;ormsd by the-"annular ring method". In this

method the percent of building plan area damaged within pucwssive 2000 ft.

annular rings was determined. The swat of the ground areas of each respective

ring multiplied by the applicable percentage gives the loan Area of Effectiveness.

The,p roentages used are given in Table 1 which is based upon the data listed in

Appendix C.

6. Damage by Urban Area Zooe.

In the Joint Target Group analyses of incendiary attacks on umben areas,

it has been customaryto break down the damage by urban area zones such as osi-

Storage, Transportation, ,tc. This zoning served two
purrpposese,s

it
manufacturing,

possible a study of the relative vulnerability of the severalo)
zones to incendiary attacks, and (2) it contributed to the economic assessment of the

damage. In the ease of the atomic bomb attack on Kiroshima all of the' sons -appear

to have been egaa4y vulnerable to the explosion. As an aid to the economic asses-

sment of the damage the following brakdasn
has been made of the distribution of





0

the area of total destruction among the several.aones. It sheald be recalled
that this includes only the central area of damage and does not take into as-
eoaat the outlying scattered damage. For an explanation of the notation and
see Appendix A.

Table 3

2MLs Resulting from Atomic Attack - liiroihiaa Urban Area

Pre-attack am* Post Attack

Zm 0roand 1lailt Roof Gromd area Area

Residential

R1 76.6 42 32.2 59.5 or 78% 26.8 or 03%

R2 127.4 27 34.4 41.3 32% 11.0 32%

R3 77.7 12 9.3 3.5 5% 0.4 4%

50% 1 1.9 22 .4 1.3 68% 0.4 99%

Total 103.6 76.3 105.6 37% 38.6- 51%

Industrial

Y 48.1 30 14.4 3.3 7% 1.5 10%

S 29.8 19 5.7 1.4 5% 0.3 5%

T 6.3 14 0.9 0.9 14% 0.2 22%

50% 1 1.9 22 0.4 1.3 68% - 0.4 99%

Total 86.1 21.4 ' 6.9 25% 2.4 11%

* All areas are given in .4114001 of square'-feet.
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APPI2IDIZ A

Explanation of Notations Used

HK Vulnerability Classes

The symbols V1, Y2, V3, Y4, and V5 denote the relative vulnerabi-
lities of buildings to damage from MR boobs. V1 is the least vulnerable and
V5 is the most vulnerable.' A detailed discussion of the structural types
comprising these classes is fiven in Joint Target Group Memorandum 8. The
following brief description, however, is adequate for most purposes:

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

V2 Industrial struotures,cvntaining travelling cranes.

V3 Typicalm:lti-story industrial buildings, not specially
resistant to earthquakes.

V4 Typical single story, shed-type industrial structures;
also all mall 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 the
most intense fire without structural damage.

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

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

Urban Area Zones

Special

Rl - Residential (fully builtup, 40 percent and over).

R22 - Residential (moderately builtup, 20 t`o 40 percent).

R3 - Residential (sparsely builtup, 5 to 20 percent).

Y - Manufacturing.

X - Mixed industrial and residential.

T - Transportation.

5 Storage.

Notations.

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

? - Unknown.
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TAB "C"

ESTTh ATED B0L5- REQVIRUMITTS FOR DESTRUCTION OF

RUSSIAN STRATEGIC AREAS

CITY

AREA OF CITY
IN SQ. ,MMES

Moscow 110.0

Leningrad 40.4

Tashkent 28.9

Baku 7.0

Novosibirsk 22.0

Gorki
r

13.5

Sverdlovsk 11
20.2

Chelyabinsk 11.5

Tbilisi 12.7

ask

Kuibyahev

Kiev

Lvov

Kaz an

Alma Ata

Kharkov

Riga

Saratov

L. 6.6

12.6

64.4

20.0

20.6

13.1

30.1

40.

8.8

Koenigsberg 37.8

Odessa 28.7

Rostov-on-Don 14.4

Dneproopetrovsk 9.2

Stalino 7.1

Yaroslavl 14.0

Ivanovo 16.2

Archangel 11.0

Khabarovsk 10.0

Tula 8.1

OF BO

o 'y2 o
4 Wr 0

,.
6

¢" O5qti 4

w'ra 's9 ,-t4 5

3

3

2

3

5

5

4

6

4

I





.CITY

1Golot6v

Astrakhan

luagnitogorsk

Vladivostok

Stalingrad

UY a

Irkutsk

Vilna

-Voronezh

10

r

AREA OF CITY
IN 3Q.MILF.S NO. OF B01 M

5.7 2

4.8 1

10.0 3

10.0 3

1*

20.3 5

10.8 3

17.0

13

Izhevsk 7.5 2

Ch+lov, 10.2

U

3

Grozny 1.3 1

Stalinak 10.8 3

Ndizhni Tagil 17.3 5

Penza 5.8 2

Minsk' 4.2 1

Kirov 5.3 2

Tallinn 16.0 4

Kemerovo 5.0 2

Ulan Ude 22.3 6

Komsomoligk 5.0 2

Murmans k 4.0

$elostok 6.0 2

Vitebsk 3.9 1

Zlatoust 5.6 2

Makhach Kala 1.8 1

Syzran 5.4

Chimkent 4

Datum 3.9 1

Kovrov
- lo

1.8 1

Orsk
o

4.8 2

Kamensk 4.0 1

-2-





AREA OF CITY
fl SQ.MILFS NO. OF BMM$

Brest Litovsk

Gurey

Sterlitamak

-Ishimbaevo

Weftedag

OTAL - 66 Cities
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