
23 April 1945

MENORANDUM FOR THE SECRETARY OF WAR

ATOMIC FISSION 

I. PURPOSE OF DEVELOPMENT
 successful development of the  fission

Bomb will provido the States with & of 

mendous power which should be a decisive in winning

the  war  quickly with a saving in American lives
and treasure. If the United States to in the

development of atonic energy weapons, its future will such

safer and the chances of preserving world peace greatly in-

creased.

Each is estimated to have the effect

of 5,000 to 20,000 tons of and ultimately, pos-

sibly as much as 100,000 tons.

The entire progran is known as "Manhattan District

and at as either the "DSM Project" or the
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EXPLOSIVE MATERIALS

The Nature of the Exploive Materials. Either of

two materiale, plutonius, (a new element not found in nature

but transmuted fron uraniun and the existence of which is not

generally know) and uraniur-255, is used as the explosive

substance.

Entural uranium, liko all alements, 1s composed of

different kinds of atona salled isotopes. One of those is

uranium-235 (l-235) which comprises 0.7% of all uranita,

another is uraniun-238 (U-238), which makes up about 09.3%

of the whole.

In this devolopment we sre interested in the neutrons. When a

free neutron, fron outside the aton, strikes an aton of U-235,

the collision causes the atom to break into two parts freeing

more neutrons and releasing a relatively large amount of energy.

This splitting of an aton is known as fission. II the neutron

does not hit a U-235 aton, but instead, meets a U-238 atom, it

may be captured by the U-238 which is then transmuted into

plutoniun.

a. Uraniu-235. As there is no chemical difference betwoon

the various isotopes of an element the process for separating out
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The U-235 must be done physioally rather than chenically. Fe

hara developed three methods thereby the separation can be

carried out.

Gas Diffusion Method. Uranium fluorine gas

is pumpod continuously through porous membranes

which tend to permit the 1-235 atons to pass

through while holding back the U-238 atons. The

U-238 is thus gradually eliminated as the gas

passes through a long series of such menbranes.

The gas at the end of the series contains a high

percentage of 1-235.

Liquid compound in a long vertical pipe in aand-

riched betwen a hot surface and a oold one. The

1-235 portion of the compound becones slightly

richer at the top of the pipe where it acoumulates.

It is then dram off at regular intorvals. .

sult is vaporized, then the atons are olectrically

charged, and projocted through e strong nagnetic

field which causes their paths to curve. The U-235

atons, being lighter in reight, follow a sharpor

curved path than do the U-238 atons and it is thus
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LOP SEGRET

Thornal Diffusion lethod. A uraniun fluorino

Eleotromagnatio lethod. A uraniva chlorine



possible to collect them separately in a small re-

colver. In order to got the desired purity, it is

necessary to repeat the process using the receiver

material fron the first operation as a feed for the

second.

Combination of lothode. Any one of those three nothods

could be usod alone to carry the separation to the desired purity,

and to date we have so used the electromagnetic method. Forever,

we have found it best to use a combination of the three and this

we are now beginning to do as the various sections of our gas dif-

fusion plant are completed. The gas diffusion and thernal diffusion

plants feed material, partly onriched in l-235, to the electromag-

notio plant where the final concentration is perforned.

bo Plutoniun. There 16 a ohenical difference between uraniun

and plutonium so that once a portion of uranium is transmuted lato

plutonius the separation can be done chemically.

Graphite Pile Method. Rectangular pioces of graphite

are stacked to fora a large cubical block called a pile.

A large number of tubes axtend through this pilo. In

theso tubes are placed a number of cylinders of uranium,

jacketed with aluninux. leutrons are constantly enitted

fron the U-235 portion of the uranium. In the pile when

these free neutrons strike a U-235 aton, that aton 1s

disintegrated, energy is released and additional neutrons
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are froed. Sono of these are captured by U-238 atoms

and by transnutation plutoniun is produced. Others

atrike U-235 atons and thus perpetuate the chain.

The graphite is ossential to the process as it slowe

dorm the speed of the neutrons so that an excessive

proportion are not captured by the U-238. After about

three nonths the uraniun cylindors aro removed and the

plutonium which has been forned is chemically separ-

IJI. THE WEAPON

The weapon, using either U-235 or plutonium, in a large

highly complicated aerial bomb. In this bonb, quantities of

either U-235 or plutonium are brought together at an extremely

rapid rate into one nass which then explodes. No explosion can

take place unless a uninun amount of material, known as the

critical nas, Is brought together. To avold an ineffective ex-

plosion or fisslo, this amount must be brought togethor it a .

high rato of speed. The final shape affects the critical mass,

a sphere being the most favorable, Dennity also has an impor-

tant offeot, the denser the naterial the less the critioni naza.
To now hate designs for tho types of bomb.

#. The Gun Sypo. In this bomb a short barrelad smooth
bore fly gun and a targot near the muzzle are contained in the

bomb. The gun shoots a projoctilo of U-235 into the target of
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the sane naterial, thus forning a nore than oritical muss
which 1t 1s estimated will explode with a force equivalent

to that of from 8,000 to 20,000 tons of PIT.

b. The Implosion Type. In this bomb, a snall sphere

of plutoniun is surrounded by & auch larger sphere of high

explosives. Hhen the high explosivos are detonated, the

plutonium 1s compressed into a still maller sphere of much

greater. density which because of tho greater density becones

super-oritical and explodes. It is ostimated that the boab

will explode with a force equivalent to that of from 4.000

to 6,000 tons of TIT.

The implosion nethod is the more difficult but when

perfected will probably be the better and 111l be wed for

U235 as well as for plutoniua. The gun method cannot be

used for plutonium because spontaneous neutron onission

would cause a fisale beforo the projectile was properly

seated in the target.

IY. PLAN OF OPERATIONS

Our operation plans are based on the gun type boab,

the first of which, without previous full solo test (and to

do not bellove this till be necessary), should be ready about

1 August 1945. The sooond one should be ready before the end

of the year and succeoding ones at approximatoly sixty day

*TOP SECRET
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Our previous hopos that an implosion type of bomb

night be developed in the late spring of 1945 have nor bean

dissipatod by scientific difficulties which we have not as

yet been ablo to solve. The effocts of those difficulties

are that the bonb will require nore naterial and we will get

less explosire effect per pound of weight. He should hate

surficient material for the first implosion type bonb to be

tested in the United States in the early part of July. A

second test, if accessary, oan bo hold by the lst of August

and if our sciontific progress continues as expected we should

be prepared to drop one of these bobs every ton days starting

the latter part of August.

While our plan of operations is based on the nore

cortain, more powerful, gun type bomb, it alno provides for

the use of the implosion type boubs us soon as they becone

available. Tho target is and was always expectad to be Japan.

A composite group of the 20th Air Force has been organited

and specially trained and oquipped. The initial echelons are

about to lesve for the oterseas base.

The production of atomic energy from the disintegra-

tion of atone was the subject of speculation in scientifio

TOP. SECRET
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cirolos for many years. It waa not unt1l 1989 however,

when the fission of uraniun was discovered, that the ob

taining of tremendous amounte of atomic onerzy becane a

real possibility.

In late 1939 the possibility of using utonio energy

for military purposes was brought to the attention of

President Roosevelt. He appointod a comittee to look into

the possibilitles. This led to scientiflo research first

on a llaited scale and then on a full scalo basis. Various

committeos of soicntists reviewed the prospecta and as a

result offorts were intensified. Shortly aiter Decamber

1941 the research and devolopmont work was given an all-out

status and was placod under a spooial group of outstanding

American sciontists in the Office of Sciontifio Research and

Devoloment. By the middle of 1942, the progress wua such

that it appeared feasiblo to initinto plans for the conetruc

tion of production plants. In the neantino, Prosident

Roosevelt had appointed a general policy group to adviso him

on tho matter. This group consistod of Vice Prosident Hallaco,

Secretary of far Stimoon, General harshall, Dr. Bush and Dr.

Conant. In June of 1942, this group reconnended a groat ex-
pansion and socoloration of the work and the assignmont of the

construction phases to the Corpo of inginoers of the har

Department. President Roosevelt approved the recommendations

TOP SECRET
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and the Manhattan Diatrict was created to handle the progran.

By September 1942 it becue evident that the project

was of groat magnitudo and extrenoly difficult of accomplish-

ment. The Secretary of War selected lajor General L. R. Grotes

to tako direct excoutivo chargo of the progran. Sinco that

tine Gonerel Groves has devoted his entire time to the rork.

At tho same time the President's General Polloy Group appointod

a Ilitary Polloy Comittee consisting of Dr. Bush or his alter-

Fear Adniral W. R. Purnell to plan military policy relating to

the project. General Groves sits with this Committee and acts

The many complotoly unknown phases of the possible.

methoda of producing the explosive materials led to a decision

in December 1942 to proceed towards the construction of three

major plants - the electronagnetic and the gas diffusion now

located at the Clinton Engineer Works in Ionnessee and the

graphite pile now locatod at the Honford Engineer Works in the

stato of Hashington. It was thought that at least one of the

necessitato its abandonment. While great diffioulties vere on-

countered they more surmouated and no one method doveloped such

# superiority that the others could bo safely abandoned. In

P-SECRET
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the sumer of 1941, progress in the thermal diffusion research

indicated the wiadon of constructing & snall plant using this

mothod to serve as a leeder for the electromagnetic plant.

tion of about 59,000 acres Iooatad 18 miles west of Knoxville,

I'ennesses which was sequired in the autumn of 1942. Ino largo

plants for the production of 0-255 by the electromagnetic and

the gas diffusion nethods are located here as well as & stall

experimental graphite pile plant for the manufaoture of pluton-

1un and a small thermal diffusion plant. The Isolatod location

was nocessitated primarily by the need for adoquate safaty dis-.

tanoes, the isolation has assisted in the maintenance of

SOrBOy. It was necessary to construct a lovernment-oned and

operated town (Oak Ridgo) within the reservation. The people

of Oak Ridge live under normal conditions in modest houses, dor-

nitorios, hutonts and trailers and have all the roligious, reo-

reational, aducational, medical and other facilities of a nodern

anall city. Construction norkors now employed at the Clinton

Engineer Horks total about 32,000, and operators about 47,000.

The population of Oak Ridge proper and adjoining temporary

construotion camps withia the roservation le approximatoly 78,000.

This includes the workers and their innedinte fanilies. The re-

TOP SECRET
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mainder live In the surrounding communities.

Hanford Engineer Horks. The plant for the production

of plutoniun by the graphite pile usthod is situated at the

Hanford Engineer forks, a Covernment reservation embodying some

450,000 acres and located at an isolated, send-desert site 15

niles northrest of Pasco, Hashington.. The site vas acquired

darly 1n 1943. Isolation fron existing populatod communities of

any tire was a requisito, to provide the necossary safety dis-

tances. The Government-orned and operated tom of Richland is

contained within the reservation ares. It is sinilar to Onk

Ridge but much smaller in size. Construction at the Hanford

Engineer Works la essentially complete and only operating person-

nel and their immediate fanilies now reside thero. Operating

personnel at the Fanford Enginear Works nunber about 6500. The

present population of Richland 1s approximately 17,000.

Isboratory for the fabrication of the reapon is locatod at a sito

25 miles northwest of Santa Fo, lew lotioo. Persons eployed at
this site number approxinatoly 6100 and a small temporary

Government owned and operated cornity has a population of about

5800.

Other Manufacturing Plants. Heavy rator present in aat-

ural mator in the ratio of about 1 part in 7000 18 produced et

three plante la the United States and at one in Canada as a substi-

tute slowing down media for the pilo method of producing plutonia,

TOP SECRET

Los AlanOs. A highly saorut rosearch and experinental

= 11



TOP SECRET
to be used in place of graphito, In the event the grephite nethod

should develop insurmountable tochnioal difficultios. Heavy

mator also has characteristics which till probably ultimatoly be

used to increase greutly the destructive offacts of the atondo

bonb. It is planned to develop its potentialities in this ro-

Eard After the present fundamental work on the weapon 1s accon-

plished.

Expansions to ExistinE Planta. Additions mere required

to tha plants of a numbor of industrial firns in the United

Statos to effeut the rapid manufacture of specialized equipaent,

the refining of uranium ores and the development and production

Research. Columbia, Chicago, California, and a number

of other iniversities throughout the nited States und nany in-

dustrial firns contributed materially in developing and supply-

ing special equipment, materials and processes used by the projeat.

Operators. The graphito pile plant is operated by dufont,

Union Carbide.

There is complote mderstanding and cooperation mith the

Maty- Its facilities have been drawn upon freoly and a nukber

of its officors occupy kay positione in the mork.

The Office of Scientific Research and Development,

the Har Production Board, the Office of Censorship and otber

TOP SECRET
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Throughout the course of the progren we have had the

key phases of the work reviewed by the best available scientista

and industrial leadors.

IX. EXTRAORDINARY SECURITY REASURES

Because of its tremendous importance President Roosevelt

parsonally ordered extraordinary secrecy and security mossures

for all phases of the project.

However, in order to mintain security during considera-

tion by Congress of the necessary appropriations, President

Roosevelt approved the informing of a linited nunber of the

membors of the Congress of the general purposes of the project.

These members wires

Senators Barkley, Thomas of Oklahona, Bridges and White,

also Speaker Rayburn, Hajority Leader McCormack and Hinority

Leader kartin.

It was inevitable that during the course of such a

project publie curiosity rould be aroused and that citizens

mould nake Inquirios of lembers of Congress. In all such in-
stanees known to us the nonbers were most cooperative in nocept-

ing the statement of the liar Department that militury security
prevented the disclosure of vital informition. However, the War

Departuent did give ull inforantion which it felt would not

violate security.

TOP SECRET

ESIr

agonales have rendored invalunble aid.

VIII, SCIENTIPIC REVIEN



SECRET

Appropriato reports have beon mado from time to time

to President Roosevelt through General Marshall and the •

Socretary of lar. These reports, delivered personally, more

handed back to General Grotes so that there is but a single

we avoid uning outside of the project many revealing words such

as plutoniun, U-255, atonio, transmutation, fission and the

like. Those words have also been banned in the voluntary code

of censorship.

I. COLLABORATION WITH GREAT BRITAIN

Before the project came under the War Department,

solentific infornation was interchanged with the United Kingdon.

Vie did not consider the Informal arrangaments 1n existence to

be as advantageous as they should hate been to the United States

and suspended the interchange until a formal agreement was

signed at the Quebeo conference in August 1945 by Fresident

Roosevelt and Frine Minister Churchill. The salient provisions

of the Quebec Agresment were:

1. This soapon would never be usod by one againat the

others

?. It would not be used against a third country except by

3. Information concerning this reapon would not be connuni-

cated to third parties except by mutual consent;

JOP SECRET
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* The British disclaimed any interest in conaroial

or industrial aspects beyond what night be considered by the

Presidont of the lnited States to be fair, with any postmar

arrangements to be dealt with in terms spocifled by the

So To offectuate collaboration to bring the project to

fruition. This mas to be done undor tho guidance of a Con-

bined Polloy Comnittee In Hashington composed of the Secretary

of Far, Dr. Bush and Dr. Conant for the United Statas, Field

karshal Sir John Dill and Colonel J. I. Llewellyn for the

Uhited Kingdon* and lt. C. D. Hore, Minister of lunitions and

Supplies for Canada. This committoe mus to supervise generally

the entire project and to settle any questions that night ariso

on the interpretation of the agreement and to arrango for full

interchango of information in the partioular flolda in whiah

both coustries were engagod. Design, construction and sperationel

information vas not necessarily to be exchangod.

Uraniun is not a ridespread element in recoverable

anounta. The only know noderatoly substantial sources of ore,

Dacember 1913 and the letter in turn was raplaced by tho
Bar of Falilax. Tho late Flold Harshal Sir John Dill mas

- 15 -
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roplaoed by Field Marshal Sir Henry laitland Wilson.
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and the ones on which we are now drawing, ocour in the Belgian

Congo, northern Canada and the Colorado plateau of the United

States. The Belgian Congo deposits greatly exceed in richness

and in mugnitude the others.

In order not to use up all of the uraniun ore in the

United States and Canada and at the and of tha present war

find all known sources on the American continent praotically

doploted, steps mere taken to insure in uninterrupted and ade-

quate supply from the Belgian Congo.

The Quebec Agreement was implonented in June 1944 by

another agreement executed by President Roosevelt and Frine

Minister Churchill. This agroement created the Conbined

Developmont Trust to handle the procurenent of flasionable

elemente not within the territorial linita of the contracting

porers. The Trust haa available funds in the sun of

$25,000,000. 00, one half adranced by each of the signatory

powers. The Trust operates under overall policies set by

the Combined Polloy Committee which appoints the nonbers of

the Irust. Those ares

United States Ropresentatives

Major General 1. R. Groves, U.S. Army, Chairman

Mr, George 1. Harrison, Speoial Assistant to the

Company, forner Governor and President of the

Secratary of Viar, Prosident, N. I. Life Insurance

• 16.
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Federal Reserve Bank of Now York

DI. Charles I. Leith, aninent geologist, now

Chief of the Metals and Minerals Branch,

Has Produation Board

British Representatires

mambor of the British Mesion for the Procura-

ment of Raw laterials, former Director of the

Hank of England

Dologation in Washington

Mr - George G. Batonas, Canadian menber of Combined

Production and Resources Board and experienced

mining operator.

A careful study of the Constitution of the United

States, the pertinent deoisions of the Suprene Court and the

lesser Federal courts, and the long usago of agreoments by

other Chief Exocutives, as far back as the administration of

President Mashington, clearly established the power of a Pres-

ident to enter into such an arrangement.

In furtheranoo of their polloy of gaining control of

uraniun ores throughout the world, the Goverwants of the

United States and the United Kingdon entered Into an agreement

with the Governent of Bolgium in Septenber 1944. It provided

- 17.
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for the purchase and immodiate exportation of a large quantity

of uraniu ore fron the Belgian Congo and for the control

under certain conditions of the ore in that territory for an

additional ten year period. It also provided that at the

proper time and after the cessation of hostilities the agree-

ment would be subaitted by tho signatory goverments for proper

fornalization under the fundamental lan of the respective powers.

Ambassador Minant signed for the United States, Mr. Eden for

the Inited Kingdon and At. Speak for Belgiun. The new Sacrotary
of State (ir. Stottinius) was informed of the general situation

soon after he took office.

Thoriun, another of the elenents, has properties sin-

1lar to uranium. Consequently, several non agreements to obtain

complate control of thorium ores are presently anticipated.. One

of these has been discussed by the Secretary of State with

President Vargas of the United States of Brezil and another is

contemplated with the Government of the Hetherlands. It is also

expected that sother agreeuent will be entered into by the

United Kingdon with the Indian State of Iravencore..

XILI. FOREIGN ACTIVITIES

a. Allios. Great Britain was previously coverod in

Section X.

Russia, The Russian Goverment since early 1943 haa

- 18 =
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evinced a strong interest in our aotivities and through its

diplomatio, informution end espionaro groups in the United

States has made efforts to secure particularized information

concerning the project. Those activities have been carefully

watched by our specialired Army Intelligence and the Federal

Burosu of Investigation.

position in that some of the first patents, of doubtful

validity la the United States as toll as in othor coutries,

are hold by the French Government. The British Goverment

made certain commitments to the French Government which were

most onbarrassing to the United States. Those British comit

monts were taken up by the Secretary of War with Freaident

Roosevolt who discussed then with Frise Minister Churchill

et Malta last Fabruary and I understand, nade a antisfactory

adjustment

In the atonio fiold. Since 1941, reports havo continuoualy

saanated from neutral countrios that Gerzany was about to usa

, an atonio bomb of tremendous force. The enemy afforts nore

clothed in such secrecy that it was impossible to discover the

true facts. He did learn that Germany had confisoated and re

TOP SECRET
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moved 1200 tons of partially processed uranium fron Belgiu

and had roduced sone of It to pure metal, that 29 laboratories

and 31 corporations in 54 cities were engaged on work connocted

with tho project and that there was overy indication that

Germany since 1943 was showing a deep interest in the develop-

ment of atonic energy. Our forcus in Germany have just captured

about 1100 tons of tho missing uroniun material and a plant

uned to reduce the ore to metal has beon destroyed. Thore would

no longer appear to be any possibility that Gernany could use

an atonio bomb in this far.

Japan. As far as is know, there is no prospect that

Japan could develoy an atonic bomb for use in the present tar.

Hith a few exceptions, the United States and the

United Kingdon will have exeluive control of all essential

patente in the entire fiold and non-exclusive righte to all

non-essential patents. The fen exceptions are those filed prior

to the initiation of the projoot and omership or rights aro

being sought on these.

Funds for the Manhattan District were made available

Iron two souroes: "Engineer Sorrice Army" and "Expediting

Production of Equipment and Supplies". The total amount of

all exponditures to 31 March 1945 was: for Construction - 1148

TOP SECRET

XIV. PArENTS

XY. FUNDS

- 20 -



TO
millions, for Operations - 345 millions, Total - 1493 nillione.

The estimated cost to 30 June 1945 is: for Construction - 1465

aillions, for Operations - 485 millions.

The work has been of such an unprecedented nature that

It has not been possible in the past to make over reasonablo

estinates in advanco. The estinates for the f1scal year 1946

, will provo nore accurate. They anount to 195 million for con-

struotion, minly for rounding out the existing operating plant

at Clinton Engineer Morks and 697 nillions for all operations.

If the mer enda bofore June 1946, appreciable savings will re-

aulto otherwise the total to be expended by 30 June 1946 will

be 2842 millions of which 1660 millions will be for construction

and 1182 millions for operations.

thilo the project'é primary nission 1s the development

of atonio bombs for use against Jupan tho tremendous and far

reaching implieations of the future cannot be and have not been

oterlookod. Atonic energy if controlled by the major peace-

loving nations, should insure the peace of the world for decades

to oono. II misusod 1t can load our civilization to annihilation.

The urgensies of war have prevented full consideration

of the poster developaints of atonio anergy but it 1s evident

that the Unlted States must maintain the lendership in the fleld

• 21
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of atonios which it now holds.
There nust be continuous, vigorous and extensive ro-

search and devolopment of the possibilitios of atonde energy
Inoluding the use of radioactive substanges. This will ontail:

a. Full cooperation with the United Kingdon.

bo The continued procurement and movement to American

and British control of available worla supplies of uronium and

Co The improvement and operation of the nost efficient

manufacturing processes.

do The improvement of the bomb.

e. Tha development of military pover applications such

I. The development of connercial and industrial poor if

that proves feasible.

8. The devolopment of biological, modieal and industrial.

applications of the radioactive substances.

ho Fundamental research so as to rotain our present lead

The Secretary of War, with the approval of Frosident

Roosevelt, asked lir. Harrison to prepare tentative plans for

the postwar period. The latter considers that these plane en-
visugo the goals set forth above togethor with a polley for the

- 22 .
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control of uranius and thorius within the United States.

Ar. Harrison reconsends the establishment of a select con-

mittoo of particular quallfications to recosmend action to

the executive and logislativo branches of our government

when socrooy is no longer in full effect. The committee

would also rocomend the actions to be taken by the Her
Department prior to that time in anticipation of the post-

war probions. This comitted would ba assisted by panels

of spocially qualified scientists, Army and Havy personnel

and other porsons.
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