




















Foreword

The U.S. Army plaved a key role in the formation and administra-
tion of the Manhattan Project, the World War 11 organization which
produced the atomic bombs that not only contributed decisively to
ending the war with Japan but also opened the way to a new atomic
age. This volume describes how the wartime Army, already faced with
the enormous responsibility of mobilizing, training, and deploving vast
forces to fight a formidable enemy on far-flung fronts in Europe and
the Pacific, responded to the additional task of organizing and adminis-
tering what was to become the single largest technological project of its
kind undertaken up to that time.

'To meet this challenge, the Army—drawing first upon the long-time
experience and considerable resources of its Corps of Engineers—
formed a new engineer organization, the Manhattan District, to take
over from the Office of Scientific Research and Development adminis-
tration of a program earlier established by American and refugee scien-
tists to exploit the military potentialities of atomic energy. Eventually,
however, the rapidly expanding project turned for support and services
to a much broader spectrum of the Army, including the War Depart-
ment, the Ordnance Department, the Signal, Medical, Military Police,
and Women’s Army Corps, the Military Intelligence Division of the
War Department General Staff, and the Army Air Forces. These and
other Army elements worked together in close collaboration with
American industry and science to win what was believed to be a des-
perate race with Nazi Germany to be first in producing atomic weap-
ons. For both soldiers and civilians this history of the Army’s earlier
experience in dealing successfully with the then novel problems of
atomic science seems likely to offer some instructive parallels for find-
ing appropriate answers to the problems faced in today’s ever more
technologically complex world.

DOUGLAS KINNARD

Washington, D.C. Brigadier General, USA (Ret.)
1 March 1984 Chief of Military History
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Preface

During the nearly four decades since the atomic bombings of Hiro-
shima and Nagasaki in August 1945, much has been written about the
developments leading up to that climactic moment in world history.
Within days of that event, the War Department released its official ac-
count, the well-known semitechnical report by Professor Henry D.
Smyth of Princeton University. Soon popular histories also appeared,
and with the gradual opening of the archival records relating to the top
secret World War II program known as the Manhattan Project, scholars
began examining in detail the scientific, technological, strategic, and
diplomatic story of atomic energy and the atomic bomb (see Biblio-
graphical Note). Yet amid this outpouring of books, none has provided
an adequate and full account of the United States Army’s participation
in the atomic program from 1939 to the end of 1946. It 1s the purpose
of this volume to tell that story.

Stated in its simplest terms, the achievement of an atomic bomb re-
sulted from the highly successful collaboration of American science and
industry carried out under the direction and guidance of the U.S.
Army. This triad—scientsts, industrialists and engineers, and sol-
diers—was the product of a decision in early 1942 by America’s war-
time leaders to give (o the Army the task of administering the atomic
program. Convinced that the Allies were in a race with Germany to be
the first to develop an atomic weapon, they decided that only the Army
could provide the administration, liaison services, security, and military
planning essential to the success of a program requiring ready access
to scarce materials and manpower, maximum protection against espio-
nage and sabotage, and, ultimately, combat utlization of its end
product.

In telling how the Army met the challenge of its unique assignment,
eventually achieving results that would have the most profound impl-
cations for the future of mankind, I have taken a broadly chronological
approach but with topical treatment of detailed developments. The
focus of the narrative is from the vantage point of the Manhattan
Project organization, which functioned under the able direction of Maj.
Gen. Leslie R. Groves and such key scientific administrators as Vanne-
var Bush, James B. Conant, Arthur Compton, and J. Robert Oppen-
heimer in compliance with policies established at the highest levels
of the Washington wartime leadership. The volume begins with a
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prologue, designed to provide the reader with a brief survey of the his-
tory of atomic energy and to explain in layman’s terms certain technical
aspects of atomic science essential to an understanding of the major
problems occurring in the development of an atomic weapon. Early
chapters describe the beginning of the Army’s atomic mission, includ-
ing the formation of the Manhattan District, the first steps in acquiring
the means to produce atomic weapons, and the appointment of Gener-
al Groves. Subsequent topical chapters trace the building and oper-
ation of the large-scale process plants for the production of fissionable
materials; the administration of a broad range of support activities,
such as security and community management; and the fabrication, test-
ing, and combat employment of atomic bombs. A concluding section
describes how the Army dealt with the difficult problems arising during
its unexpectedly prolonged postwar trusteeship of the project until De-
cember 1946, when the newly created civilian agency—the United
States Atomic Energy Commission—assumed responsibility for atomic
energy matters.

The Army did not program a volume on the Manhattan Project in
its multivolumed historical series, the U.S. Army in World War II, until
1959. Two developments in the late 1950’s had made available the es-
sential records for research by Army historians: the instituting of a his-
torical program by the Atomic Energy Commission, with the objective
of preparing an unclassified account of its own origins; and the open-
ing of access to the Manhattan District records, the so-called General
Groves collection, then located in the Departmental Records Branch of
the Adjutant General’s Office but subsequently retired to the National
Archives and Records System.

A great many mdnlduals are deservmg of mention for their assist-
ance and support in the preparation of this volume. For aiding me in
my task of researching the voluminous and widely scattered records
controlled by the Department of Energy, I wish to thank Mr. Roger
Anders, Dr. Richard G. Hewlett, and Mr. Thomas J. Pugliese in Ger-
mantown, Maryland; Mr. Floyd F. Beets, Jr., Mr. William J. Hatmaker,
Mr. Frank Hoffman, and Mr. James R. Langley in Oak Ridge, Tennes-
see; Mr. Ralph V. Button and Mr. Milton R. Cydell in Richland, Wash-
ington; Mr. King Derr, Mr. David A. Heimbach, Mrs. Lucille McAn-
drew, and Mr. Robert Y. Porton in Los Alamos, New Mexico;
Mrs. Eleanor Davisson in Berkeley, California; and Mr. E. Newman
Pettit in Lemont, Illinois. For facilitating my use of the Manhattan
Project records at the National Archives, I wish to thank Mr. Sherrod
East, Dr. Lee Johnson, Dr. Herman Kahn, Mr. Wilbert B. Mahoney, Mr.
Wilbur J. Nigh, Dr. Benjamin Zobrist, and, especially, Mr. Edward
Reese, who on countless occasions rendered expert assistance in using
the indispensable General Groves collection. And for making available
interviews and photographs which they asscmbled for use in their own
excellent account of the construction aspects of the Manhattan Project,



I wish to thank Miss Lenore Fine and Dr. Jesse F. Remington, formerly
of the Historical Division, Corp of Engineers.

Adding another dimension to my understanding of the atomic
project were my visits to several Manhattan research, production, and
community sites, arranged by Mr. Tom Cox and Mr. William McCluen
at Oak Ridge, Mr. R. M. Plum and Mr. James W. Travis at Richland,
Mr. Charles C. Campbell at Los Alamos, and Mr. P. M. Goodbread at
Berkeley.

Many others gave generously of their time in reading and critiquing
all or parts of the manuscript: Dr. James B. Conant, Col. William A.
Consodine, Lt. Col. John A. Derry, Mr. Julian D. Ellett, Mr. Joseph R.
Friedman, Dr. Crawford H. Greenewalt, Lt. Gen. Leslie R. Groves, Dr.
Walter G. Hermes, Col. John E. Jessup, Jr., Dr. Richard G. Hewlett,
Col. John Lansdale, Jr., Dr. Maurice Matloff, Col. Franklin T. Matthias,
Maj. Gen. Kenneth D. Nichols, Mrs. Jean O’Leary, Mr. Robert R.
Smith, Maj. Harry S. Traynor, and Col. Gerald R. Tyler. To each of
them, I extend a special note of thanks.

At each stage in the preparation of this volume, I also benefited
from the unique combination of talents available among my colleagues
in the Army’s historical office. Fellow staff historians—Dr. Stanley F.
Falk, Dr. Maurice Matloff, and Dr. Earl F. Ziemke—helped expedite ini-
tial research into the atomic project records, serving with me as mem-
bers of a team under the direction of Dr. Stetson Conn, the chief histo-
rnan; in addition, Dr. Falk conducted a number of interviews and wrote
the first draft of the Prologue, Chapters I-IV, and Chapter X. Miss
Carol Anderson, in the library, and Miss Hannah Zeidlik, in the records
branch, cheerfully and expertly dealt with my many requests and kept
me abreast of newly available records and publications on atomic
energy. Mr. Arthur S. Hardyman designed the graphically handsome
maps, some of them in color, and oversaw the layout of the photo-
graphs. His colleague, Mr. Roger D. Clinton, provided the clearly
drawn charts, which will help the reader understand the complex orga-
nization of the Manhattan Project, and assisted in the selection of pho-
tographs. The skillful typing of Mrs. Joyce Dean, Mrs. Margaret I.
Fletcher, Mrs. Edna Salsbury, and Miss LaJuan R. Watson, the eagle-
eyed proofreading of Mrs. Rae T. Panella, and the meticulous indexing
of Mrs. Muriel Southwick contributed to the efficient preparation of my
technically difficult and heavily documented manuscript. Lt. Col. John
R. Pipkin shepherded the draft manuscript through clearance by several
government agencies in record time, considering the potential sensi-
tiveness of its subject matter. Finally, Miss Joanne M. Brignolo edited
the volume. She demonstrated a remarkable capacity for quickly grasp-
ing the intricacies of atomic science, enabling her to make read-
able my oftentimes obscure text and to give order and consistency to
its complex documentation. I am obliged to her for whatever literary
merit my book may have.
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For her understanding and unremitting support during the many
years this volume was in preparation, I wish to thank my wife, Kay Cox
Jones, who, as an employee at the Argonne National Laboratory in Chi-
cago in the immediate post-World War II period, first brought my at-
tention to the history of the atomic bomb.

For the many others not here mentioned who, over the years this
volume has been in the making, have contributed in some way to its
ultimate completion, I express my gratitude. The author alone, of
course, takes responsibility for the facts presented and the conclusions
reached in this volume.

Washington, D.C. VINCENT C. JONES
1 March 1984
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PROLOGUE

A History of Atomic Energy
to 1939

The concept of the atomic structure
of matter first emerged in the fifth
century B.C. with the Greek theory of
minute particles, or atoms, as the un-
changeable and indivisible units com-
prising all matenal things.! This new
idea, however, lay dormant for nearly
two thousand years because Aris-
totle’s view that all matter is continu-
ous and composed of four elements—
fire, earth, air, and water—prevailed
in the minds of men. Following the
Renaissance in Europe such philoso-
phers and scientists as Galileo, Des-
cartes, Bacon, Boyle, and Newton
supported the early concept, and in
the nineteenth century chemists
(somewhat later, physicists) trans-
formed this atomic theory into a ma-
terial reality.

One of the first and important
steps was the theory proposed by
English chemist John Dalton in 1803
that each element is composed of like

! A simple but excellent explanation of the atomic
concept, including a good historical summary, is
Selig Hecht, Explaining the Atom, 2d ed. (New York:
Viking Press, 1954). The already classic, semitechm-
cal history is H. D. Smyth, A General Account of the De-
velopment of Methods of Using Atomic Energy for Military
Purposes Under the Auspices of the United States Govern-
ment, 1940-1945 (Washington, D.C.: Government
Prinung Office, 1945), hereafter cited as Smyth
Report. See Bibliographical Note.

atoms, distinguishable from the atoms
forming other elements primarily by
differences in mass. He thus provided
a practical and specific standard for
nineteenth century scientists’ descrip-
tions of ninety-two chemical elements
(substances that cannot be broken
down or transformed by chemical
means). By the end of the century, all
known elements had been arranged in
a table, with similar properties in re-
lated positions, in numerical order ac-
cording to atomic mass; it ranged
from element 1, hydrogen, which was
the lightest, to element 92, uranium,
the heaviest. This “periodic table”
not only enabled scientists to predict
the properties of undiscovered ele-
ments but also became the basis of
chemical and physical knowledge of
the elements.

Beginning in the last decade of the
nineteenth century, scientific discov-
eries by those European and Ameri-
can physicists who sought to explain
the phenomenon of radioactivity
opened the way for the modern de-
velopment of atomic energy. This
phenomenon is a property possessed
by some elements to spontaneously
emit radiation that ionizes gas and
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makes it capable of conducting elec-
tricity. Investigating electrical dis-
charges in gases in 1895, German
physicist Wilhelm Roentgen observed
radiation emissions that penetrated
opaque objects and also produced flu-
orescence. Roentgen’s discovery of
these radiations, which he called
X-rays, led French physicist Henri
Becquerel to test fluorescent salts of
uranium to see if they also would
produce penetrating rays. In 1896,
Becquerel demonstrated that uranium
emits penetrating radiations that
would ionize gas, proof that it was
radioactive.

In England, physicist J. J. Thomson
and a young student from New Zea-
land, Ernest Rutherford, used X-rays
to ionize gases, providing further evi-
dence that the penetrating rays were
charged particles much smaller than
atoms. In 1897, Thomson published
data proving the existence of these
particles, each having a mass of about
one two-thousandth of a hydrogen
atom. The following year he suggest-
ed that these particles, subsequently
designated electrons, formed one of
the basic building blocks comprising
all atoms.

Rutherford’s succeeding investiga-
tions showed that the penetrating
streams of emitted particles are com-
posed of at least three different kinds
of rays—alpha, beta, and gamma.
Alpha ray particles are heavy, high-
speed, positively charged bodies, later
shown to be nucler of helium atoms;
beta ray particles are electrons; and
gamma rays are similar in composi-
tion to X-rays. In 1911, Rutherford
proposed the theory of the nuclear
atom, with its mass and positve
charge at the center. The work of
Rutherford, Niels Bohr, a Danish
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physicist, and others led to the con-
cept of the atom as a miniature solar
system, with a heavy positive nucleus
orbited by much lighter electrons.

Rutherford finally achieved, in
1919, what man had been attempting
unsuccessfully for centuries: the artifi-
cial transmutation of an element.
Since the discovery of natural radi-
ation, scientists had known that disin-
tegration of radioactive elements in
nature caused them to change sponta-
neously into other elements. Bom-
barding nonradioactive nitrogen with
high-energy alpha particles given off
by naturally radioactive radium, Ruth-
erford caused the nitrogen to disinte-
grate and change into what subse-
quently proved to be a form of
oxygen. His achievement, although
somewhat removed from the ancient
alchemist’s dream of transmuting
base metals into gold, was far more
valuable and important. It was not
only the first artificially induced trans-
mutation; it was also the first con-
trolled artificial disintegration of an
atomic nucleus.

A further Rutherford achievement
was 1solation and identification of yet
another basic building block of
atomic structure. In addition to
oxygen, nitrogen transmutation had
produced a high-energy particle with
characteristics similar to the positively
charged nucleus of the hydrogen
atom. Later study showed it was a hy-
drogen nucleus, and scientists gave it
the name proton. Such a positively
charged particle as a fundamental
unit in the structure of all atoms had
long been hypothesized; demonstra-
tion of its presence in nitrogen and
other elements confirmed its identity.
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Discovery of the proton pointed
toward the existence of a third parti-
cle. In 1932, James Chadwick, Ruther-
ford’s co-worker at Cambridge Uni-
versity, discovered this third particle,
the neutron, an uncharged body ap-
proximately equal in weight to the
proton.

Now the atom was viewed as com-
posed of a positively charged nucleus,
containing protons and neutrons, or-
bited by negative electrons equal in
number to the protons. The number
of protons determined the atomic
number, or numerical position, of the
parent element in the periodic table.
Thus hydrogen, element 1, has but a
single proton; helium, element 2, two
protons; and uranium, element 92,
ninety-two protons. For each proton
there is a balancing electron. The
mass, or atomic weight, of an element
i1s the sum of its protons and neu-
trons; the electrons, with negligible
weight, do not maternally affect the
mass of the atom. The weight of each
element is stated in relation to that of
hydrogen, the lightest. Hydrogen,
with a single proton and no neutrons,
has an atomic weight of 1; helium,
with 2 protons and 2 neutrons of
equal weight, a mass of 4; and urani-
um, with 92 protons and 146 neu-
rons, a mass of 238. The chemical
symbols for these elements are writ-
ten 1H', :He* and 5, U8,

Thus far, three characteristics of
elements had been identified: chemi-
cal uniqueness, atomic number, and
atomic weight. But scientists also dis-
covered that many elements exist in
more than one form, differing solely
in the number of neutrons that each
contains. For example, there are two
forms of helium, each with two pro-
tons and two electrons. They are
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chemically identical but one form has
a single neutron, thus an atomic mass
of 3, and the other, more prevalent
form two neutrons, thus an atomic
mass of 4. These substances are
called isotopes (from the Greek words
iso, meaning alike or same, and topos,
meaning place) because they occupy
the same place in the periodic table.
The chemical symbols for the helium
1sotopes are written :He? and 2He*, or
simply He-3 and He-4; or they may
be spelled out, helium 3 and helium
4. Many other isotopes exist, either
naturally or through scientific trans-
mutations, and they are important in
the story of atomic energy.

James Chadwick’s discovery of the
neutron was not the only significant
development in 1932. That same year
British scientst J. D. Cockcroft and
Irish scientist E. T. S. Walton, work-
ing together at Cambridge Universi-
ty’s Cavendish Laboratory, used a
particle accelerator to bombard lithi-
um with a stream of protons, causing
the element to disintegrate. Unlike
Rutherford, who experimented with
alpha particles from natural sources,
Cockcroft and Walton, in effect, pro-
duced their own protons through arti-
ficial means.

This artificially induced nuclear dis-.
integration, however, was only one
aspect of Cockcroft and Walton’s ac-
complishment. As a hydrogen nucle-
us, or proton, struck a lithium nucle-
us, the latter body disintegrated into
two alpha particles of helium nuclei.
The hydrogen atom with a mass of 1
united with a lithium nucleus having a
mass of 7, thereby making a total
mass of 8, and then this body imme-
diately divided into two helium
nuclei, each with a mass of 4. Thus,
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the two scientists were also the first
to bring about atomic fission—or, In
the popular phrase, to split the atom.?

Still another result of the Cock-
croft-Walton experiment, and at the
time considered most important, was
its confirmation of Einstein’s theory
of relativity, proposed in 1905, that
matter and energy are merely differ-
ent forms of the same thing. The
atomic weights of the lithium, hydro-
gen, and helium nuclei expressed by
Cockcroft and Walton in their experi-
ment were only approximate. The
combined mass of a lithium nucleus
and a hydrogen nucleus 1s, in fact,
very shightly more than the combined
mass of two helium nuclei. Thus, the
formation of two helium nuclei had
resulted in a loss of mass. This lost
mass was converted into energy in an
amount that could be calculated by
the Einstein equivalence formula
E=mc? (energy is equal to mass multi-
plied by the square of the velocity of
light) or derived from the speed of
the helium nuclei as they flew apart
from the lithium. Because the two cal-
culations provided answers in very
close agreement, they confirmed Ein-
stein’s  theoretical projection and
opened the prospect of using atomic
fission as a major new source of
energy.

In the expenments conducted so
far, however, the total energy re-
quired to bombard the atomic nucle-
us and produce fission was much
greater than the energy released. This
initially high input of energy enabled
the charged particle to approach and
penetrate the atom, overcoming the

28ir John Cockcroft, “The Development and
Future of Nuclear Energy,” Bulletin of the Atomic Sci-
entists 6 (Nov 50): 326.

THE ARMY AND THE ATOMIC BOMB

repulsion of their mutual electrical
charges. Furthermore, even when
high-speed particles were used, only
one in a million succeeded in hitting
its target. This inefficiency led Ruth-
erford to describe using nuclear fis-
sion as an energy source as practical
as “moonshine,” * and so it indeed
appeared to many.

But Chadwick’s discovery of the
neutron provided the solution. The
neutron, because it was an uncharged
particle, would not be repelled and
therefore could penetrate a nucleus
even at relatively slow speeds. Proof
was to come from Italy, where in
1934 Enrico Fermi and his co-workers
set about systematically bombarding
the atoms of all known elements with
neutrons. They soon demonstrated
that the nuclei of several dozen ele-
ments could be penetrated by neu-
trons and thereby broken down and
transmuted into nuclei of other ele-
ments. Their best results were ob-
tained when the bombarding neu-
trons were first slowed down by pass-
ing them through such moderators as
carbon or hydrogen.

The most important result of
Fermi’s work was not fully under-
stood for another four years. Among
the substances he had bombarded
with slow mneutrons was uranium,
which was naturally radioactive and
the heaviest of all known elements.
Theory and chemical analysis seemed
to indicate that the substance pro-
duced by uranium transmutation was
nothing hitherto known, but was in
fact a new and heavier element. Ura-
nium is element 92; this new element
appeared to be element 93, or possi-

?Ibid.
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bly even element 94. Fermi, so it
seemed, had created transuranic ele-
ments not present in nature, and the
popular press hailed his achievement
as a major advance in science.*

Yet many scientists were skeptical,
and Fermi himself was uncertain. The
properties exhibited by the new sub-
stances were not those they had ex-
pected to find in transuranic ele-
ments. For the next four years, physi-
cists and chemists were hard at work
attempting to identufy exactly what
Fermi had produced. Progress was
slow, exacerbated by the uncertainty
of the times; fearing the advancing
wave of political oppression, many
scientists in, Germany, Austria, and
Italy fled to havens elsewhere in
Europe and in the United States. Nev-
ertheless, out of Nazi Germany, the
answer finally came. Just before
Christmas of 1938, the radiochemists
Otto Hahn and Fritz Strassmann con-
cluded that one of the products of
Fermi’s experiment was not a trans-
uranic element at all. It was, rather,
the element barmum, with an atomic
weight approximately half that of
uranium.’

When Hahn informed his former
co-worker, Lise Meitner, of the con-

‘Laura Fermi, Atoms in the Family: My Life With
Enrico Fermi (Chicago: University of Chicago Press,
1954), Ch. 6 and passim; Enrico Fermi, United States,
1939-1954, The Collected Papers of Enrico Fermi,
ed. Emilio Segre et al., Vol. 2 (Chicago: University
of Chicago Press, 1965).

5See Charles Weiner, “A New Site for the Semi-
nar: The Refugees and American Physics in the
Thirties,” in The Intellectual Migration: Europe and
America, 1930-1960, Perspectives in American Histo-
ry, Vol. 2 (Cambridge, Mass.: Charles Warren
Center for Swudies in American History, Harvard
University, 1968), pp. 190-234; Norman Bentwich,
The Rescue and Achievement of Displaced Scholars and Sci-
entists, 1933-1952 (The Hague: Martinus Nijhoff,
1953).

clusions that he and Strassmann had
reached, the Austrian physicist—who
had recently escaped from Germany
to Sweden—quickly comprehended
the significance of the findings. Work-
ing with her nephew, Bntish (Austri-
an-born) physicist Otto Fnisch, she
concluded that the bombardment of
uranium by slow neutrons produced
two elements of roughly half the
weight of uranium. In the splitting
process there was a tremendous re-
lease of energy, far more than neces-
sary to cause fission. Without delay
she passed this exciting information
on to Niels Bohr, who was about to
leave Denmark for an extended stay
at the Institute for Advanced Study at
Princeton University. Thus, even as
Hahn and Strassmann published the
results of their work in Europe, Bohr
carried news of their conclusions to
the United States.®

Further experiments confirmed the
discovery of atomic fission and raised
the possibility that a practical means
of obtaining atomic energy could at
last be realized. Splitting the uranium
atom released not only energy but
also two or three additional neutrons.
Perhaps, under the right conditions,
these neutrons might smash other
atoms, releasing more neutrons to
bombard more atoms while simulta-
neously generating a continuous
emission of energy. This process, or
chain reaction, would be self-sustain-
ing and would continue for as long as
uranium atoms were present to be
split.

8 Lise Meitner, “Looking Back,” Bulletin of the
Atomic Scientists 20 (Nov 64): 2-7; S. Rozental, ed.,
Niels Bohr: His Life and Work as Seen by Friends and Col-
leagues (Amsterdam: North-Holland Publishing Co.,
1967).
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During 1939, scientists in America,
England, France, Germany, the Soviet
Union, Japan, and other countries
worked intensively to extend both the
theoretical and experimental knowl-
edge of atomic fission. By the end of
the year, nearly one hundred papers
on the subject had been published.”
In the United States, native Ameri-
cans and a group of European refu-
gees combined their energies and sci-
entific talents to investigate various
aspects of the complex problem, car-
rying on their work at such institu-
tions as Columbia, Johns Hopkins,
Princeton, the University of California
at Berkeley, and the Carnegie Institu-
tion in Washington, D.C.8

Uranium and Fission

Uranium is considered a rare ele-
ment, although it is a thousand times
more prevalent than gold. Uranium is
more widely dispersed and occurs in-
frequently in a relatively concentrated
form. Found always with radium, pri-
marily as uranium oxide, it occurs
mainly in pitchblende and in carnotite
ores. Before World War Il the main
value of these ores lay in their radium

7 Summarized in Louis A. Turner, ‘‘Nuclear Phys-
ics,” Reviews of Modern Physics 12 (Jan 40): 1-29.

8 Among the many scientists at work in the
United States on fission research were Herbert L.
Anderson, John R. Dunning, Enrico Fermi, George
B. Pegram, Leo Szlard, and Walter Zinn at Colum-
bia; Edwin M. McMillan at the University of Califor-
nia, Berkeley; Edward Teller at George Washington
University; and John A. Wheeler and Eugene
Wigner at Princeton. In France were Frederic Joliot-
Curie, Hans von Halban, and Lew Kowarski; in Eng-
land, George P. Thomson, James Chadwick, Ru-
dolph Peierls, and others; and in Germany, Otto
Hahn, Fritz Strassmann, and Werner - Heisenberg.
The Soviet Union, too, had a number of able and
active physicists in fission research. See Arnold Kra-
mish, Atomic Energy in the Souviet Union (Stanford:
Stanford University Press, 1959), Chs. 1-3.
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content, although uranium was also
used for coloring glassware and ce-
ramics, for tinting photographic film,
and for making certain steel alloys.
Uranium was rarely produced as a
metal; metallurgists had not yet meas-
ured its melting point accurately.

Substantial radium-uranium con-
centrations in the Shinkolobwe mine
in Katanga Province of the Belgian
Congo were owned by the Union
Miniere du Haut Katanga, a Belgian
firm that completely dominated the
world market. So rich were the Shin-
kolobwe concentrations that in 1937
the company, having stockpiled suffi-
cient ore to satisfy the anticipated
world demand for radium and urani-
um for the next thirty years, ceased
mining operations.

Important but less productive de-
posits were located in the Eldorado
mine at Great Bear Lake in northern
Canada, and ores of much lower
grade were found in the Colorado
Plateau region in the western United
States; however, Colorado Plateau
radium and uranium producers were
forced to close down because they
could not compete commercially with
those in the Congo and Canada. In
addition, other uranium deposits of
varying quality were located in
Czechoslovakia, Portugal, England,
Madagascar, and elsewhere.®

Natural uranium is composed of
three isotopes: U-238, about 99.28
percent; U-235, about 0.71 percent;

2 “The Distribution of Uranium in Nature,” Bulle-
tin of the Atomic Scientists 1 (Feb 46): 6; Ms, Office of
the Historian, Armed Forces Special Weapons
Project, ‘‘Manhactan District History” (hereafter
cited as MDH), ed. Gavin Hadden, 8 bks., 36 vols.
(Dec 48), Bk. 7, Vol. 1, “Feed Materials and Special
Procurement,” pp. 1.1-1.7, 2.1-2.2, 3.1-3.2, 4.1-
4.2, DASA.
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and U-234, just a trace. Experiment-
ing with the isotopic properties of
uranium, scientists eventually proved
that U-235 was fissionable by both
slow and fast neutrons, although
more controllably so by the former.
When U-235 fissions, it emits fast
neutrons, which are captured by the
U-238. The U-238 does not fission
but becomes radioactive and disinte-
grates. For a chain reaction to be self-
sustaining, at least one neutron emit-
ted by the U-235 has to penetrate
another U-235 atom. Because the fast
neutrons are most easily absorbed
bv the U-238, the 140-to-1 rato of
U-238 to U-235 in natural uranium
makes it even more improbable that
the neutrons can escape the U-238
and be captured by U-235 atoms.
Many neutrons, moreover, escape al-
together from the uranium and others
are absorbed by impurities within it.
This 1s why uranium does not fission
in its natural state and why an emis-
sion of neutrons does not occur In
any ordinary lump of uranium.
Proper conditions for achieving a
chain reaction required that the
number of neutrons absorbed by im-
purities in uranium and the number
of neutrons lost through its surface or
captured by its U-238 isotope be kept
to a minimum. Neutron absorption
could be decreased by using a careful
chemical process to remove the impu-
rities, although the technique was dif-
ficult and posed major problems. Be-
cause the number of neutrons lost
from a piece of uranium depends on
the area of the surface and because
the number of neutrons captured de-
pends on its mass or volume, neutron
escape or capture could be reduced
by using a suitable shape and size.
The greater the amount of uranium,

1939 9

the smaller would be its surface area
relative to volume and thus, propor-
tionately, the fewer neutrons that
could be lost through the surface or
captured by the U-238. During fis-
sion, production of at least one neu-
tron in excess of those lost or cap-
tured would cause the uranium to
reach 1its critical mass and possibly
trigger a chain reaction. ‘

The dilemma researchers faced in
1939 was ascertaining the exact size
of this critical mass. The consensus
was that a tremendous amount of ura-
nium—far more than had ever been
produced and concentrated—would
be necessary. A practical solution to
the supposed enormity of the prob-
lem therefore was to reduce the size
of the critical mass by decreasing the
number of neutrons captured by the
U-238. The U-235 could be separat-
ed from the U-238, or the ratio of
U-235 to U-238 could be increased
artificially.

Theories about what should be
done, however, did not quite coincide
with what could be done at this stage
of the research. Because the two ura-
nium isotopes were chemically identi-
cal, their separation by chemical
means was impossible. And the about
1-percent difference in mass between
U-235 and U-238 meant that separa-
tion by physical means would be most
difficult. Although producing a suffi-
cient amount of pure U-235 or
U-235-enriched natural uranium to
maintain a chain reaction in a critical
mass of practical proportions ap-
peared only barely possible, there
were those who continued to work on
the multistage problem of separating
what were considered, in Fermi's
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words, “almost magically inseparable”
isotopes.19

All separation methods deemed
possible were based on the difference
in atomic weight. One process, the
electromagnetic method, employed a
mass spectrometer or spectrograph.
In this process a stream of charged
particles of a given element is project-
ed through a magnetic field, which
deflects them from their original path.
Because the atoms of a heavier iso-
tope will be more strongly affected by
the magnetic field than those of a
lighter isotope, the stream of particles
will be separated into two or more
streams, each containing a different
isotope, which can then be collected
in different receivers. Alfred O. Nier
of the University of Minnesota did the
initial work on this process. At this
time, the electromagnetic method
proved to be not only ndiculously
slow but also quantitatively insuffi-
cient. It would have taken twenty-
seven thousand years for each mass
spectrometer to produce a single
gram of U-235 or 27 million spec-
trometers a whole year to separate a
kilogram of the isotope.

Another process, the gaseous diffu-
sion method, was based on the princi-
ple that if two gases of different
atomic weights are passed through a
porous barrier, the lighter gas will
diffuse through more readily. First,
uranium would have to be trans-
formed from its naturally solid state
into a gas; then, because of the 140-
to-1 ratio of U-238 to U-235, the dif-
fusion process would have to be re-
peated in order to produce any ap-

10 Enrico Fermi, “Physics at Columbia University:
The Genesis of the Nuclear Energy Program,” Phys-
ics Today 8 (Nov 55): 14.
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preciable amount of U-235 or U-235-
enriched uranium. Scientists in Great
Britain performed most of the early
theoretical and experimental work on
this method. In the United States, it
was not until late 1940 that physicist
John R. Dunning and a small group
of collaborators at Columbia Univer-
sity began intensive research into the
technical problems of gaseous
diffusion.1!

A third method was the centrifuge
process, in which uranium in a gase-
ous form is rotated rapidly in a cylin-
der. Because centrifugal force causes
the atoms of the heavier isotope to
amass along the outer walls and those
of the lighter isotope to concentrate
around the axis of rotation, the de-
sired isotope can then be drawn off.
Jesse W. Beams at the University of
Virginia and others in the United
States seemed to offer the best initial
promise for separating uranium iso-
topes, but the magnitude of the engi-
neering problem was such that, as
with the other separation methods,
the centrifuge process offered no
quick or easy solution.

The avenues of research were not
solely limited to isotope separation
methods. At Columbia University,
Enrico Fermi and Leo Szilard, a
refugee physicist from Hungary, ex-
perimented with the possibility of
achieving a chain reaction in urani-
um without separating its i1sotopes—
research that in the not too distant
future would culminate in the world’s
first chain reaction. Basing their in-
vestigations on research that Fermi
had carried out five years earlier on

11 For Dunning's work see MDH, Bk. 2, Vol. 2,
“Research,” pp. 3.1-3.2, DASA.
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the use of moderators to slow down
neutrons, they explored the likelihood
that a moderating substance might be
mixed with natural uranium in such a
way that the high-speed fission-pro-
duced neutrons could be sufhciently
slowed before meeting other uranium
atoms so as to escape capture
by U-238 and remain free to pene-
trate the U-235.

The two most promising modera-
tors were hydrogen and carbon.
Water might make a good moderator;
however, because hydrogen exists in
two natural isotopes (light hydrogen,
the more prevalent, with a mass of 1,
and heavy hydrogen, or deuterium
with a mass of 2), “heavv water,” con-
taining deuterium, should make an
even better one. Scientists in France
and England had investigated the use
of heavy water, but it was extremely
costly to produce and was highly vola-
tile. Feeling that heavy hydrogen was
in some ways less efficient as a mod-
erator, Fermi and Szilard turned their
attention to carbon, which was readily
available in the form of graphite.
Proving its feasibility through theoret-
ical investigation and experimentation
would take time, energy, and money,
but the two scientists were confident
they could achieve a chain reaction.!?2

Because such a chain reaction could
provide a tremendous amount of
energy in a form that might be con-
verted into power, this uranium-
graphite system promised to have
ready military application for driving

'2 For the activities of Fermi and Szilard during
1939 see Enrico Fermi, “Physics at Columbia,” pp.
12-16; Ms, Leo Szilard, “‘Documents Relating to
Periad March 1939 to July 1940” (hereafter cited as
Szilard Documents), Incl to Ltr, Compton to
Groves, 13 Nov 42, Admin Files, Gen Corresp, 201
(Szilard), MDR.
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large ships or aircraft but seemed im-
practical for use as a bomb. A bomb
would have to be so large that the
sudden release of energy in an un-
controlled nuclear explosion would
blow 1t apart before more than a
small amount of energy was freed;
that amount was not worth the great
effort necessary to detonate it,

Yet, if it were possible to separate
U-235 from the naturally more preva-
lent U-238 or to enrich natural urani-
um greatly in its U-235 isotope, then
a fast-neutron chain reaction might be
achieved and extremely powerful
bombs, far smaller than any explosive
uranium-graphite system, could prob-
ably be built. Controlled energy from
a fast-neutron chain reaction could, of
course, be used as a power source;
but, uncontrolled, it would provide a
far more powerful explosion than
ever before attained by man. Though
perhaps too heavy for a conventional
bomber, a U-235 bomb could be
brought by ship into an enemy port
and exploded with devastating eftect.

In early 1939, however, the chances
of constructing a bomb of U-235 ap-
peared far less certain than those of
building a power-producing uranium-
graphite system. To use Fermi's
words, there seemed “little likelihood
of an atomic bomb, little proof that
we were not pursuing a chimera.” 13

Nevertheless, possible military ap-
plication of atomic energy was of 1n-
creasing interest to a group of for-
eign-born physicists now living and
working in the United States. These
men—including Enrico Fermn from
Italy; Leo Szilard, Eugene Wigner,
and Edward Teller from Hungary;

13 Laura Fermi, Atoms in the Family, p. 164.
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and Victor Weisskopf from Austria—
knew that government-supported nu-
clear research was under way at the
Kaiser Wilhelm Institute in Berlin,
and the likely military consequences
of a German breakthrough worried
them very much. As most of them had
only recently fled their homelands to
escape fascist tyranny, they had no
wish to see Nazi Germany acquire a
means of dominating the whole
world. Indeed, if any nations were to
exploit atomic energy for military
purposes, they believed the democra-
cies would do well to be first.

These physicists therefore directed
their energies toward two ends: keep-
ing all advances in nuclear research a
secret to discourage an all-out
German effort, and obtaining support
from the American government for
further nuclear research. The group
almost achieved one of its goals in
early 1939, when leading physicists in
the United States and Great Britain
pledged not to publish the results of
their work in the field. However, in
France, Frederic Joliot-Curie refused,
and his determination to publish his
own research led to continued publi-
cation by scientists in other countries.
It was not until late 1940, after a
large number of articles had appeared
in scientific journals and the popular
press, that publication on atomic
energy generally ceased.

Efforts To Enlist Support of the

U.S. Government

The atomic scientists’ first attempt
to gain support from the U.S. govern-
ment for their atomic energy research
came in March of 1939, even as
German troops were completing the
occupation of Czechoslovakia. Sched-
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uled to give a lecture in Washington,
D.C., on the sixteenth, Enrico Fermi
arrived in the national capital with a
letter of introduction from Dean
George B. Pegram of Columbia to
Rear Adm. Stanford C. Hooper, di-
rector of the Technical Division,
Office of the Chief of Naval Oper-
ations. On the morning of the seven-
teenth, Fermi met with Admiral
Hooper and other individuals, includ-
ing Ross Gunn, a physicist and techi-
cal adviser of the Naval Research Lab-
oratory. Pegram, who was also a phys-
icist, had explained in his letter what
Fermi discussed in his lecture,
namely, the importance of atomic
energy and its possible uses for man-
kind, although both men were pru-
dent about making predictions.

Gunn and his associates at the
Naval Research Laboratory already
were aware of the potentialities of
atomic energy; however, they were
more interested in the prospects for
nuclear ship propulsion than in devel-
oping an atomic bomb. Now Fermi’s
visit spurred them on to continue
their own investigations, but it did
not lead to any naval support for the
scientists working at the universi-
ties.1* A second approach to Gunn,
made by Szilard in June, was no more
successful. While the Navy pursued its
own program of research on uranium
isotope separation, Gunn indicated to
Szilard in July that ““it seems almost
impossible, in the light of the restric-

14 1bid., pp. 162-65; Testimony of Gunn in U.S.
Congress, Senate, Special Committee on Atomic
Energy, Atomic Energy: Hearings on S. Res. 179, 79th
Cong., 1st and 2d Sess., 27 Nov 45-15 Feb 46
(Washington, D.C.: Government Printing Office,
1945-46), pp. 365-67. Gunn testified that Army of-
ficers were present at the 17 March conference, but
this does not appear to have been the case.



A HISTORY OF ATOMIC ENERGY TO

tions which are imposed on Govern-
ment contracts for services, to carry
through any sort of agreemem that
would be really helpful to you.”

By mid-July, then, Szilard, Teller,
and Wigner concluded that another
channel had to be found. The results
of ongoing nuclear research indicated
that a chain reaction could very prob-
ably be achieved in a uranium-graph-
ite system, “and that this possibility
had to be considered as an imminent
danger.” 16  There was, moreover,
ominous news from Europe of contin-
ued German interest and progress in
nuclear research. American scientists
returning from visits to Germany re-
ported a growing emphasis on the in-
vestigation of isotope separation, with
the apparent objective of achieving a
fast-neutron chain reaction in U-235,
the basis of an atomic bomb.!7 After
moving into Czechoslovakia, the Ger-
mans closed the door on the coun-
try’s uranium ore exports. Convinced
that the need to keep other uranium
deposits from falling into German
hands required action at the highest
level, Szilard, Teller, and Wigner ap-
proached Einstein. At first, Szilard
thought to have Einstein approach
the Department of State and use his
acquaintance with the royal family in
Belgium as a means for stopping ura-
nium ore shipments to the Germans.
But, after further discussion, he de-
cided a direct approach to the White
House was necessary. Through a ref-
ugee journalist friend, Szilard secured
an introduction to Alexander Sachs, a

'3 Ltr, Gunn to Szilard, 10 Jul 39, Szilard Docu-
ments, MDR.

6 Szilard Documents, p. 7, MDR.

'7 Arthur Holly Compton, Atemic Quest: A Personal
Narrative (New York: Oxford University Press,
1956), p. 118.
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Wall Street economist and student of
international affairs who had long
been an informal adviser of President
Franklin D. Roosevelt. Sachs was fa-
miliar with the subject of atomic
energy, having read avidly Hahn and
Strassmann’s first report and having
followed subsequent publications on
atomic fission. Also, he had become
acutely aware of the possible military
applications of atomic energy during
Niels Bohr’s visit to the Institute of
Advanced Study at Princeton. Indeed,
the growing tensions in Europe and
Germany’s increasing threat to world
peace eventually led him to discuss
the Hahn-Strassmann report and its
possible effect on the international
situation in a brief session with
Roosevelt early in March.

Sachs agreed to help, and he and
Szilard concluded that a letter from
Einstein to Roosevelt would empha-
size the importance of their message.
The letter, primarily the work of Szi-
lard, was drafted in Sachs’s office. Szi-
lard and Teller took it to Einstein,
who was vacationing on Long Island,
on 2 August. Sources disagree over
whether Einstein rewrote the Sachs-
Szilard draft or merely put his name
to it; but, in any event, Szlard re-
turned to Sachs with a signed letter
from Einstein to the President.1®

18 Account of approach to President Roosevelt
through Sachs based on Interv, Stanley L. Falk with
Sachs, 18 Jul 60, CMH; Ms, Alexander Sachs, “Early
History [of] Atomic Project in Relation to President
Roosevelt, 1939-40"" (hereafter cited as Sachs Histo-
ry), 8-9 Aug 45, pp. 1-6, Admin Files, Gen Corresp,
201 (Sachs), MDR; Testimony of Sachs in Atomic
Energy Hearings on S. Res. 179, pp. 2-11 and 553-59;
Szilard Documents, p. 7, MDR; Otto Nathan and
Heinz Norden, eds., Einstein on Peace (New York:
Simon and Schuster, 1960), pp. 291-97; Nat S.
Finney, “How F.D.R. Planned To Use the A-Bomb,”

Continued
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This letter, a milestone in the Ameri-
can atomic energy program, states
that ““it is almost certain that this [a
chain reaction in a large mass of
uranium] could be achieved in the im-
mediate future” and that this phe-
nomenon could possibly lead to the
construction of a new type of an ex-
tremely powerful bomb.1?

To this letter, Szilard himself added
a careful memorandum. In it he ex-
plained in more detail the scope and
effects of research on atomic fission,
the unproved nature of its conclusion,
and the need for financial support for
further investigation. He pointed out
that atomic energy released through a
chain reaction achieved with slow
neutrons could be utilized for ship or
aircraft propulsion, and also raised
the possibility that a fast-neutron
chain reaction would result in a pow-
erful explosive. Szilard also reempha-
sized the need for acquiring large
stocks of uranium ore from the Bel-
gian Congo and suggested that an-
other attempt to arrange for the with-
holding of publications on the subject
of nuclear research might be neces-
sary.?® Included with the letter and
memorandum were reprints of two ar-
ticles from the Physical Review that
provided documentation of the scien-
tific points raised by Einstein and
Szilard.

Look, 14 Mar 50, pp. 25-27; Geoflrey T. Hellman,
“A Reporter at Large: Contemporaneous Memoran-
da of Dr. Sachs,” New Yorker, 1 Dec 45, pp. 73-76;
Edward Shils, “Leo Szilard—A Memoir,” Encounter
23 (Dec 64): 35-41; Eugene Rabinowitch, “1882-
1964” and “1898-1964" (obituaries on James
Franck and Leo Szilard, respectively), Bulletin of the
Alomic Saentists 20 (Oct 64): 16-20.

19 Ltr, Einstein to Roosevelt, 2 Aug 39, repro-
duced in the Appendix to this volume.

2Memo, Szilard to Roosevelt, 15 Aug 39, Szilard
Documents, MDR.
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Despite the agreed upon necessity
for haste, almost two months passed
before Sachs was able to bring Ein-
stein’s letter and its inclosures to the
White House. ‘“Mere delivery of
memoranda was insufficient,”” he
felt.?* In the hectic days of August
and September 1939, with war in
Europe first an imminent danger and
then a frightening actuality, there
seemed little likelihood that Roosevelt
could spare Sachs more than a few
moments. Not until early October did
Sachs find a time he felt was suitable
to approach the President.

The story of Sachs’s visit to the
White House has been told frequently
and with several variations. Suffice it
to say that Sachs met with Roosevelt
for over an hour on 11 October.
Reading aloud, Sachs prefaced Ein-
stein’s letter and Szilard’s memoran-
dum with a letter of his own in which
he summarized and amplified the
other material, emphasizing German
nuclear research, the danger of
German seizure of Belgian uranium,
and the *‘urgent” need to arrange for
American access to the uranium ore
of the Belgian Congo. He stressed the
necessity of enlarging and accelerat-
ing experimental work, which could
not be done on limited university
budgets, and seconded the suggestion
made in Einstein’s letter for liaison
between the government and the
scientists.??

The President’s initial reaction was
one of skeptical interest. He was
doubtful about the availability of
funds to support nuclear research and

A Testimony of Sachs in Atomic Energy Heanngs on
S. Res. 179, p. 556.

22 Ltr, Sachs to Roosevelt, 11 Oct 39, Exhibit 3,
Sachs History, MDR.
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felt, moreover, that there were other
aspects of national defense with a
higher claim for attention. Neverthe-
less, he invited Sachs to breakfast the
next morning and, at this second
meeting, was convinced of the neces-
sity for action.

President Roosevelt’'s 12 October

1939 15
decision to explore the potenualities
of atomic energy eventually led to
complete governmental direction of
nuclear research in the United States.
And, in the early years of its develop-
ment, no single government agency
was to play a more important role
than the United States Army.
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BEGINNINGS OF THE ATOMIC MISSION






Chapter 1

The Army and the Atomic Energy
Program, 1939-1942

At eight o’clock on the evening of
17 June 1942, Col. James C. Marshall
received a teletype message from
Washington, D.C., to report to Maj.
Gen. Eugene Reybold, chief of the
Corps of Engineers, “for temporary
duty,”? thus interrupting his present
assignment as commanding officer of
the Syracuse (New York) District. Ar-
riving at General Reybold’s office the
next day, Marshall received further
instructions to report to Brig. Gen.
Wilhelm D. Styer, chief of staff to the
commanding general of the War De-
partment’s Services of Supply, a
major division newly created to over-
see Army logistics. Late in the after-
noon, Colonel Marshall learned from
General Styer the precise nature of
his new assignment: General Reybold
had chosen him to form a new engi-
neer district “for construction of a
new manufacturing plant.” 2 The lo-

! Col James C. Marshall, Chronology of District X
(hereafter cited as Marshall Diary), 17 Jun 42-31
Oct 42, OCG Files, Gen Corresp, Groves Files, Misc
Recs Sec, behind Fldr 5, MDR. On Marshall’s earlier
career see George W. Cullum, Biographical Register of
the Officers and Graduates of the U.S. Military Academy, 9
vols. (1-3, 3d rev. ed. and enl., Boston: Houghton,
Mifflin and Co., 1891; 4-9, aegis of Association of
Graduates, U.S. Military Academy, 1901-50),
6B:1978, 7:1298, 8:366, 9:258.

2 Marshall Diary, 18 Jun 42, MDR.

cation had not been selected but,
Styer explained, the plant would be
part of a project already in progress
to develop atomic energy for military
purposes. Thus the Army became di-
rectly involved in a project in which it
had been playing a minor and some-
what intermittent role since the fall of
1939.

Onigins of the Army’s Role

The Army’s expanded role in the
American atomic energy program in
mid-1942 grew out of developments
that had occurred as a result of the
outbreak of World War II and the
subsequent involvement of the United
States in that conflict. On the morn-
ing of 12 October 1939, persuaded by
Alexander Sachs’s urgent arguments,
President Roosevelt agreed to investi-
gate the desirability of providing
some preliminary support for inde-
pendent and  private  research.
Roosevelt’s military aide, Maj. Gen.
Edwin M. Watson, immediately re-
quested that the Army and the Navy
send officers to the White House to
talk to an “inventor” about a new ex-
plosive. At two o’clock that same
afternoon, the Army sent Lt. Col



20 MANHATTAN:

Keith F. Adamson, chief of the Am-
munition Division, Ordnance Depart-
ment, and his chief civilian assistant,
Arthur Adelman; the Navy sent
Comdr. Gilbert C. Hoover, also an
ordnance specialist. In General Wat-
son’s office, Sachs repeated much of
his earlier presentation to the Presi-
dent. After some discussion, the
group broke up with the understand-
ing that Watson would advise them
what specific action the President
desired.?

The Army’s Chemical Warfare
Service (CWS) also received Sachs’s
material on atomic energy. Lt. Col.
Haig Shekerjian, the CWS executive
officer, and another chemical warfare
officer may have been present at the
meeting in the White House, or they
may have been briefed later in the
afternoon. General Watson’s objective
was to test Sachs’s information
against the knowledge and experience
of the technical services most likely to
be concerned with development of
nuclear research and bombs. Ironical-
ly, the technical service that eventual-
ly had the most to do with develop-
ment of the atomic bomb, the Corps
of Engineers, was not consulted.*

The first reaction of the Army
representatives to the military poten-
tialities of atomic energy was not gen-
erally enthusiastic. Colonel Adamson
displayed a cool skepticism, although

3 Intervs, Stanley L. Falk with Adamson, 22 Apr
60, and with Sachs, 18 Jul 60; Ltr, Adamson to Maj
Gen Levin H. Campbell, Jr. (Chief of Ord), 26 Jun
44; Memo, Arthur Adelman, sub: Fission Explosives
(hereafter cited as Adelman Fission Memo), 30 Jun
44, p. 4. All in CMH.

4+ Adamson and Sachs Intervs, 22 Apr 60 and
18 Jul 60; Interv, Falk with Shekerjian, 27 Oct 59;
Ltr, Adamson to Campbell, 26 Jun 44; Adelman Fis-
sion Memo, pp. 4-5; Ltr, Shekerjian to Falk, 11 Sep
59. All in CMH.
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he later warmed to the subject. He
apparently questioned whether nucle-
ar research had advanced far enough
for the government to support it with
any reasonable hope of success.
Moreover, with an eye to Sachs’s Wall
Street background, he was suspicious
of the financier’s motives in urging
purchase of Belgian Congo uranium.3

A similar response came from the
Chemical Warfare Service. Despite
Colonel Shekerjian’s favorable reac-
tion, Maj. Maurice E. Barker, chief of
the CWS Technical Division, ex-
pressed a decidedly negative view.
After studying Einstein's letter and
Szilard’s memorandum, Major Barker
concluded that there was “no basis”
for believing that the bombardment
of uranium by neutrons would
produce an explosion. While conced-
ing that the proposed nuclear
research “would be extremely inter-
esting, and might have considerable
scientific value,” he thought that “the
chance of anything of military value
being developed . . . so slight that it
would not justify the expenditure of
funds available for research for that
purpose.” &

The Army’s initial skepticism may
be attributed to a number of factors.
For all of Alexander Sachs’s enthusi-
asm, even the group of American and
foreign-born physicists still regarded
the potentialities of atomic energy as
only a ‘‘reasonable possibility,” 7 as

5 Adamson and Sachs Intervs, 22 Apr 60 and
18 Jul 60, CMH; Ltr, Adamson to Campbell, 26 Jun
44, CMH; Washington Post, 26 Mar 46.

¢ Quotation from Memo for File, Barker, sub:
Uranium Activated by Neutrons as an Explosive and
Source of Power (Proj A 10), 13 Oct 49, Incl G 10
Adelman Fission Memo. Shekerjian Interv, 27 Oct
59. Ltr, Shekerjian to Falk, 11 Sep 59. All in CMH.

7 Louis A. Turner, “Nuclear Physics,” Reviews of
Modern Physics 12 (Jan 40): 21.
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the tentative tone of Einstein’s letter
and Szilard’s memorandum readily
showed. Unlike the Navy, in 1939 the
Army had no central research organi-
zation that might have seized upon
the abstract possibilities of atomic
energy. Consequently, budget-minded
Army ofhicers, who had served
through a period of extremely re-
stricted military expenditures in the
1930’s, were not likely to lose their
restraint over new and possibly far-
fetched ideas. They had witnessed
drastic cuts in funds, especially for
Army research and development,
which was allotted only 1.1 percent of
military expenditures 1in fiscal year
1939. Army policy called for immedi-
ate development of critical items
rather than eventual production of
better weapons and equipment
through prolonged research. Ord-
nance and chemical officers were, of
course, particularly aware of this situ-
ation. Thus, it was hardly surprising
that Sachs’s proposals failed to trans-
late their scientific conservatism into
military enthusiasm.® Not until civil-
ian research and development had
buttressed the theoretical predictions
of the physicists with undisputable
scientific evidence and the nation was
involved in war would the Army
assume a principal role in developing
the military potentialities of atomic
energy.

8 Mark S. Watson, Chief of Staff: Prewar Plans and
Preparations (Washington, D.C.: Government Print-
ing Office, 1950), pp. 31-32 and 42-44; Constance
McLaughlin Green, Harry C. Thomson, and Peter
C. Roots, The Ordnance Department: Planning Munitions
for War (Washington, D.C.: Government Printing
Office, 1955), pp. 204-08; Leo Brophy and George
J. B. Fisher, The Chemical Warfare Service: Organizing
for War (Washington, D.C.: Government Printing
Office, 1959), pp. 37-38. All in the series U.S. Army
in World War 11.

Decision To Develop Atomic Weapons

Through the President’s Advisory
Committee on Uranium, established
on 12 October 1939, the Army had
an opportunity to express its general-
ly negative reaction to the military
potentialities of atomic energy. This
small group, charged with making
recommedations on the ideas and ma-
terials submitted by Sachs, was com-
prised of Colonel Adamson, Com-
mander Hoover, and, as chairman,
Lyman J. Briggs. Briggs was director
of the National Bureau of Standards,
which was one of the principal gov-
ernment agencies of the pre-World
War II period concerned with re-
search in the physical sciences.®

The first meeting of the Uranium
Committee, as it came to be called,
took place on the morning of 21 Oc-
tober at the Bureau of Standards.The
committee had invited Alexander
Sachs and, at his suggestion, also Leo
Szilard, Edward Teller, Eugene
Wigner, and Albert Einstein to attend
its session. Einstein was unable to be
present but two other physicists, Fred
L. Mohler of the Bureau of Standards
and Richard B. Roberts of the Carne-
gie Institution, attended to provide
the committee with technical guid-
ance. Szilard, Teller, and Wigner out-
lined the steps they believed neces-
sary to attain a chain reaction in the
uranium-graphite system proposed by
Fermi and Szilard. During their pre-

® Smyth Report, p. 32; Lir, Sachs to Wigner, 17
Oct 39, Exhibit 4, Sachs History, MDR; Ltr, Roose-
velt to Einstein, 19 Oct 39, President’s Secy’s Files,
Sachs Fldr, FDR; Sachs Interv, 18 Jul 60, CMH;
Rexmond C. Cochrane, Measures for Progress: A Histo-
ry of the National Bureau of Standards (Washington,
D.C.: National Bureau of Standards, U.S. Depart-
ment of Commerce, 1966), p. 362.
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sentation, the three scientists request-
ed $6,000 to purchase the graphite
and emphasized the need for secrecy
about all activities relating to nuclear
research.

In the discussion that followed,
three schools of thought became ap-
parent. Colonel Adamson and Com-
mander Hoover, generally skeptical,
stated their belief that several years of
further research would be needed
even to determine whether the mili-
tary possibilities of atomic energy
were sufficient to justify government
support. In contrast, Sachs, Briggs,
and Teller were almost enthusiastic
about the chances of success. Main-
taining a more conservative approach,
Szilard and Wigner portrayed the
great possibilities of their work but
also stressed the as yet tentative
nature of their conclusions.!®

In spite of the cautious attitude of
Adamson and Hoover, the Uranium
Committee’s report to the White
House on 1 November gave the scien-
tists in effect what they wanted. While
conceding that the harnessing of
atomic energy for power or bombs
was still only a theoretical possibility,
the committee nevertheless recom-
mended that “in view of the funda-
mental importance” and ‘“potential
military value” of nuclear research,
“adequate support for a thorough in-
vestigation of the subject should be
provided.” This support should in-
clude funds for immediate purchase
of 4 metric tons of pure graphite and,

10 Sachs History, pp. 6-7, Admin Files, Gen Cor-
resp, 201 (Sachs), MDR; Adamson and Sachs In-
tervs, 22 Apr 60 and 18 Jul 60, CMH; Washington
Post, 26 Mar 46; Memo, Szilard, sub: Mtg of 21 Oct
39 in Washington, D.C., 26 Oct 39, Incl H to Adel-
man Fission Memo, CMH; Szilard Documents, p. 7,
Admin Files, Gen Corresp, 201 (Szilard), MDR.
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if the results of initial experiments
warranted continuing the program,
additional funds to obtain 50 tons of
uranium oxide.!?

The Uranium Committee submitted
its report and recommendations to
President Roosevelt through General
Watson. Apparently viewing the
report as preliminary, Watson asked
Chairman Briggs for a special recom-
mendation before he advised the
President. Until then, no executive
action could be expected.

Consequently, the members of the
Uranium Committee kept in touch
with the nuclear research program at
Columbia University, awaiting word
of progress from the scientists. In the
interim, the Naval Research Laborato-
ry continued its interest in university
research that pertained to its own in-
vestigations into isotopic separation.
At this stage, however, neither the
Navy nor the Uranium Committee
made any effort to coordinate or link
the various nuclear research programs
in progress. Such attempts as were
made came from the scienufic com-
munity and from Sachs rather than
from any governmental agency.!?

Then, in January 1940, Briggs took
the first concrete step to obtain gov-
ernment funds for the university sci-
entists. From the Navy, up to now
more interested in nuclear research
than the Army, Briggs obtained a

11 Quoted words from Memo, Briggs, Adamson,
and Hoover to President, sub: Possible Use of Ura-
nium for Submarine Power and High Destructive
Bombs, 1 Nov 39, Exhibit 5, Sachs History, MDR
(also in Adelman Fission Memo, following p. 5,
CMH). Testimony of Sachs in Atomic Energy Hearings
on S. Res. 179, p. 560.

2Sachs History, pp. 10-11, MDR; Lir, Adamson
to Campbell, 26 Jun 44, CMH; Adamson Interv,
22 Apr 60, CMH; Testimony of Gunn in Atomic
Energy Hearings on S. Res 179, p. 367.
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promise of $3,000. On 15 January, he
called on Maj. Gen. Charles M.
Wesson, the chief of Army Ordnance,
and asked him to match this sum.
Briggs outlined the potentialities of
atomic fission. “It appears,” reads the
account of the conversation in Gener-
al Wesson’s office diary, “that this de-
velopment has possibilities from an
explosive viewpoint.” These “possi-
bilities”” and Briggs’s reference to the
fact that the President was “interested
in this project” were enough to make
the Ordnance chief agree to advance
$3,000 out of Picatinny Arsenal funds
for the development of explosives.?

The Army and Navy funds went to
the Bureau of Standards, which allot-
ted them to Columbia University in
mid-February. Fermi and his col-
leagues used the money to purchase
graphite in quantities that, at the
time, seemed huge. They needed a
sufficient amount of the highly pun-
fied carbon substance to determine its
capture cross section, that is, its ca-
pacity to absorb neutrons. With this
information they could then ascertain
the practicability of achieving a slow-
neutron chain reaction in a uranium-
graphite system.'*

Meanwhile, Alexander Sachs and
the scientists exerted increasing pres-
sure on the President and the Army
and Navy. Einstein wrote to Sachs on
7 March, summarizing the situation
and suggesting that the information
concerning new evidence of German
interest in atomic energy be passed

¥ Min, Wesson Confs: Jan-Jun 40, 15 Jan 40, Ord
Historical Files, Hist Br, OCO.

*Memo, Briggs to Watson, sub: Your Memo of
Feb 8th, 20 Feb 40, Exhibit 6b, Sachs History,
MDR; Min, Wesson Conlfs, 15 Jan 40, OCQO; Enrico
Fermi, “Physics at Columbia,” Physies Today 8 (Nov
55): 15.
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on to President Roosevelt. This Sachs
did, including also Einstein’s recom-
mendations that steps be taken to halt
publication of articles on atomic sub-
jects and that a ‘“‘general policy . . .
[be] adopted by the Administration
with respect to uranium.” But Ein-
stein’s views brought no immediate
response from the White House. In
fact, after discussion with Colonel Ad-
amson and Commander Hoover in
late March, General Watson accepted
Adamson’s suggestion that no further
action be taken until an official report
on the research at Columbia was
available.!®

The official report was not ready,
however, when the Uranium Commit-
tee held its second meeting on 27
April 1940. The meeting took place
as a result of several factors, includ-
ing Sachs’s continued urgings for
greater support, the reports of prom-
ising progress in the nuclear experi-
ments at Columbia and elsewhere,
and an ominous turn of events in the
war of Europe. Since the first meeting
in October 1939, the atomic scientists
had proven definitely that fission oc-
curred only in the U-235 1sotope and,
in experiments with the centrifuge
system of isotopic separation at the
University of Virgima, had been suc-
cessful in enriching a gram of urani-
um to 10 percent U-235. In Europe,
the Germans had successfully invaded
Norway in early April and, as a result,
secured control of the Norsk Hydro
plant, the only large facility in the
world producing heavy water. Thus

*Sachs History, pp. 11-12; Ltrs, Einstein to
Sachs (source of quotation), 7 Mar 40, Exhibit 7a,
Sachs to President, 15 Mar 40, Exhibit 7b, Watson
to Sachs, 27 Mar 40, Exhibit 7c¢, ibid.; Szilard Docu-
ments, pp. 8-9, MDR.
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they had obtained a ready source of
the substance they were suspected of
using as a moderator to achieve a
slow-neutron chain reaction.

Chairman Briggs, Colonel Adam-
son, and Commander Hoover now lis-
tened more sympathetically to the ar-
guments presented by Alexander
Sachs, Enrico Fermi, George Pegram,
Leo Szilard, Eugene Wigner, and
Rear Adm. Harold G. Bowen, director
of the Naval Research Laboratory.
While the committee still did not
make any formal recommendations, it
reached general agreement that nu-
clear research should be vigorously
pursued, even if this required large
sums of money, and that steps should
be taken, as Szilard strongly urged, to
halt further publications on atomic
matters. 6

Developments in May 1940 in the
laboratory and on the war front
brought further justification for pro-
viding additional funds for nuclear re-
search. Promising results at Columbia
led scientists there to propose a plan
to study methods of uranium isotope
separation, hopefully with Navy sup-
port, and to establish a large-scale ex-
perimental program that would dem-
onstrate beyond any doubt that a
chain reaction could be maintained in
a uranium-graphite system. The Ger-
mans’ successful invasion of Belgium
and Holland in mid-May and new re-
ports on their interest in uranium re-

8Smyth Report, p. 33, errs in giving the date
of the Uranium Committee’s second meeting as
28 April. Sachs History, pp. 12-20, MDR; Szilard
Documents, pp. 9-10, MDR; Testimony of Gunn in
Atomic Energy Hearings on S. Res. 179, pp. 367 and
370; Lir, Pegram to Bowen, 7 Apr 40, Incl I to
Adelman Fission Memo, CMH; William L. Laurence,
Men and Atoms: The Discovery, the Uses, and the Future of
Atomic Energy (New York: Simon and Schuster,
1959), pp. 73-74.
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search underlined Sachs’s efforts to
secure action on control of Belgian
uranium and to obtain financial and
administrative support for atomic re-
search in the United States.”

New funds came from a variety of
sources. On 23 May, the Carnegie In-
stitution of Washington allotted
$30,000 for research on uranium by
members of its own staff. A short
time later, Colonel Adamson fur-
nished $20,000 from Army Ordnance
funds to combine with a substantially
larger contribution from the Navy and
some money from the Bureau of
Standards, making a total of more
than $100,000. This amount was
more than sufficient to underwrite
contracts at Columbia and the Univer-
sity of Virginia and to increase sup-
port of the work at the Naval Re-
search Laboratory.18

German occupation of Belgium
gave urgency to the question of how
the United States could control and
acquire the rich uranium ore in the
Congo. Seeking a solution, Alexander
Sachs met with President Roosevelt at
the end of May and, a few days later,
also with Uranium Committee Chair-
man Briggs, Professor Harold C.
Urey, a chemist on the staff at Colum-
bia Umiversity, and Admiral Bowen of
the Naval Research Laboratory. At

17 Sachs History, pp. 20-25, MDR; Szilard Docu-
ments, p. 10, MDR; Ltr, Pegram to Briggs, 6 May
40, Incl K to Adelman Fission Memo, CMH; Lau-
rence, Men and Atoms, p. 41.

18 James Phinney Baxter 3rd, Scientists
Time, Science in World War II (Boston: Lictle,
Brown and Co., 1946), p. 423; Adelman Fission
Memo, p. 6 and Incls A-E, CMH; MDH, Bk. I, Vol.
4, “Auxilhiary Activities,” pp. 12.2-12.3, DASA; Ad-
amson Interv, 22 Apr 60, CMH; Ltr, Adamson to
Campbell, 26 Jun 44, CMH; Testimony of Gunn in
Atomic Energy Hearings on S. Res. 179, pp. 367-71;
Smyth Report, p. 33; Compton, Atomic Quest, p. 29.

Against
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Briggs’s suggestion, Sachs began
looking into the possibility of getting
uranium directly from the Congo.

For some time Sachs had been
aware that Edgar Sengier was in New
York. Managing director of Union
Miniere du Haut Katanga, the Belgian
firm that controlled the Shinkolobwe
mine in Katanga Province of the
Congo, Sengier had come to New
York from Brussels in the fall of
1939, aware of the rising importance
of uranium from conversations with
French and Briush scientists. He had
ordered shipped to America all
radium held by his firm in Belgium—
some 120 grams worth nearly $2 mil-
lion. At the same time, he had direct-
ed that uranium ores stocked by
Union Miniere at Oolen, Belgium,
also be shipped to the United States,
but hittle or none was sent before the
German invasion made it impossible.

Sachs and Urey went to see Sengier
in New York 1n early June 1940. Sen-
gier gave them considerable informa-
tion on the status of Congo uranium
but would not agree to Sachs’s pro-
posal that Union Miniere ship ore to
the United States, even with the stipu-
lation that U.S. officials would not re-
export the ore without special
permission. 19

Failure to achieve an agreement
with Sengier left the uranium re-
search program dependent upon Ca-

1% Sachs History, pp. 25-26, MDR; Ltrs, Sachs to
Watson, 23 May 40, Exhibit 1la, and Briggs 1o
Sachs, 5 Jun 40, Exhibit 18, ibid.; Leslie R. Groves,
Now {t Can Be Told: The Story of the Manhattan Project
(New York: Harper and Brothers, 1962), pp. 33-34;
Compton, Atomic Quest, p. 96; Smyth Report, p. 33;
Richard G. Hewlett and Oscar E. Anderson, Jr., The
New World, 1939-1946. A History of the United
States Atomic Energy Commission, Vol. 1 (Universi-
ty Park, Pa.: Pennsylvania State University Press,
1962), p. 26.

25

nadian sources. Fortunately, by the
end of 1940, small amounts of Cana-
dian uranium were available as a
result of arrangements based on earhi-
er conversations between Dean
George B. Pegram of Columbia Uni-
versity and a representative of Eldora-
do Gold Mines, Ltd.,, owner of the
Canadian deposits.2°

Funds contributed in the summer
of 1940 began a two-year period of
rapid growth in the program to ex-
ploit atomic energy for military pur-
poses. During this time, American
governmental leaders left develop-
ment of the new energy source to ci-
vilian organizations, in spite of its ob-
vious application to military objec-
tives and its close relationship to the
expanding conflict in Europe and
Asia. Army participation ceased
almost completely, and the Navy con-
tinued only a relatively small isotope
separation project. Under civilian
guidance, the work on atomic energy
became a major component in the
federal government’s greatly broad-
ened program to apply the achieve-
ments of American science to the re-
quirements of modern warfare. Thus,
by early 1942, when the Army
renewed its participation in the devel-
opment of atomic energy, the pro-
gram had evolved into a large
research and development enterprise,
with civilian scientists carrying on

20 Memo, Szilard 1o Briggs, sub: Possibility of
Large-scale Experiment in Immediate Future, 26
Oct 39, Incl to Szilard Documents, MDR; Supreme
Court of the Siate of New York, Eldorado Mining and
Refining (formerly Eldorado Gold Mines) vs. Bons
Pregel et al., Statement to Pregel, 18 Oct 46, Investi-
gation Files, Gen Corresp (Boris Pregel), MDR;
MDH, Bk. 7, Vol. 1, “Feed Materials and Special
Procurement,” pp. 3.1-3.3, DASA.
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program activities at a number of
sites across the country.

Establishment of the NDRC and OSRD

The organizational framework of
the American atomic energy program
first began to take shape in the
summer of 1940. In June, a number
of the scientific leaders took the initi-
ative in providing a more effective ad-
ministrative organization. At Leo Szi-
lard’s suggestion and with the backing
and approval of Admiral Bowen and
Lyman Briggs, Harold Urey organized
a committee of scientists to advise
Briggs on atomic energy and to study
the question of security. This group,
the Advisory Committtee on Nuclear
Research, met for the first time on
the thirteenth under Urey’s chairman-
ship. One of its first actions was to
formulate, with support of American
scientific journals, a policy on secrecy
that eventually halted publication of
scientific papers on atomic energy in
the United States. Thus, a beginning
was made in solving what was to
become another major and persistent
problem—how to maintain a level of
secrecy hitherto never attempted
so large and diverse a project.?

Even as the Advisory Committee on
Nuclear Research was meeting, events
were taking place that would increase
effective leadership and direction for
the entire American scientific war
effort, including the atomic energy
program. Since the invasion of Bel-

gium, Sachs had been urging
Roosevelt to establish a “‘Scientific
Council of National Defense” to ad-

minister ‘‘the testing and execution of

21 Szilard Documents, pp. 10-11, MDR; Ltr, Urey
to Szilard, 7 Jun 40, Incl wo ibid.
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technical projects of utility for nation-
al defense.” Another strong advocate
for such a council was Vannevar
Bush, president of the Carnegie Insti-
tution of Washington since 1939.22
For some time he had discussed his
ideas with several of the nation’s fore-
most scientists and had gained their
support for the project. In addition,
the country’s military leaders, includ-
ing both Army Chief of Staff General
George C. Marshall and Chief of
Naval Operations Admiral Harold R.
Stark, strongly favored the proposal.
Consequently on 15 June 1940, the
President established the National De-
fense Research Committee (NDROQ),
with Bush as chairman, to direct, co-
ordinate, and carry out a national
program of military research and de-
velopment. Membership was drawn
from the National Academy of Sci-
ences, with Brig. Gen. George V.
Strong, chief of the War Plans Divi-
sion, representing the Army and Rear
Adm. Harold G. Bowen, director of
the Naval Research Laboratory, repre-
senting the Navy.

With establishment of the NDRC,
the President made provision for con-
tinuation of the atomic energy pro-
gram. He asked Vannevar Bush to
reconstitute the original Uranium
Committee as a subcommittee of the
NDRC. The new Committee on Ura-
nium, reporting to Bush and with
Briggs continuing as its chairman, in-
cluded six other scientists but lacked
the service representation that the

22 Sachs History, p. 24, MDR; Ltr, Sachs to
Watson (source of quotation), 15 May 40, Exhibit
153, ibid. Bush enjoyed a distinguished career in ap-
plied mathematics and electrical engineering at MIT
in the two decades following WW 1 and achieved a
reputation as a scientific administrator of great skill.
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original committee had. Briggs was
authorized ‘“to maintain close and
direct contact with those officers of
the Army and Navy most directly in-
terested,” but only Ross Gunn of the
Naval Research Laboratory continued
to serve on the new committee.??

On 1 July, Briggs reviewed for
Bush the earlier activities of the Com-
mittee on Uranium. At the same time,
he requested the $140,000 that he
and Urey’s Advisory Committee had
agreed was necessary for purchasing
uranium metal and pure graphite and
for making further measurements of
the fundamental nuclear constants. At
its first formal meeting the next day,
the NDRC considered Briggs’'s re-
quest, but its members found them-
selves in a dilemma. The basic NDRC
mission was research and develop-
ment of weapons and equipment with
direct application to the war. NDRC
scientists still regarded the chances of
an atomic weapon as ‘‘very remote,”
in Bush’s words, and even the possi-
bility of nuclear power for battleships
or submarine propulsion seemed a
distant eventuality at best. Given the
need for funds and trained scientists
in other areas, there was grave doubt
as to the wisdom of allocating money
and energy to “what might eventually
appear to have been wild research.”
Yet, there was a danger that German
nuclear research might prove success-
ful. Committee members concluded,
therefore, that prudence demanded
acquisition of knowledge of the fun-
damental physics of atomic energy.
Accordingly, the NDRC approved

2 Quoted words from Ltr, Roosevelt to Briggs,
15 Jun 40, Exhibit 19, Sachs History, MDR. Baxter,
Scientists Against Time, pp. 12-16; Ltr, Roosevelt to
Bush, 15 Jun 40, HLH; Watson, Chief of Staff, pp.
49-59; Smyth Report, p. 34.
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Briggs’s request in principle and
asked him for further definite propos-
als for “a careful, but not elaborate or
expensive program.” 24

Promise of NDRC funds opened
the way for the future rapid expan-
sion on atomic research in the United
States. But until these new funds
became available, the atomic program
had to continue to draw upon money
supplied earlier by the Army and the
Navy. Even the $40,000 for the first
NDRC contract for atomic research,
an agreement signed with Columbia
University in early November, came
out of the remaining Army-Navy
funds.

Beginning with the NDRC’s allot-
ment on 25 October of the $140,000
requested by Briggs on 1 July, there
followed a series of contracts and
transfer agreements arranging for nu-
clear research by various institutions.
By the spring of 1941, the NDRC had
committed nearly $500,000 for work
at Columbia, Harvard, Princeton, the
University of Minnesota, the Standard
Oil Development Company, Iowa
State College, Cornell, the University
of Chicago, Johns Hopkins, the Car-
negie Institution of Washington, the
University of California (Berkeley),
the University of Virginia, the Bureau
of Standards, and the Department of
Agriculture. While the NDRC’s ex-
penditure for atomic energy was small
compared with amounts allotted to

2*Quoted words from National Defense Research
Committee Report for First Year of Operation, 27
Jun 40-28 Jun 41 (hereafter cited as NDRC Rpt,
1940-41) pp. 34-35, Incl to Ltr, Bush to President,
16 July 41, FDR. Szilard Documents, pp. 10-11,
MDR; Irvin Stewart, Organizing Scientific Research for
War, Science in World War II (Boston: Little, Brown
and Co., 1948), pp. 120-21 and 230; Baxter, Scien-
tists Against Time, pp. 423-24,
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other wartime scientific research, it
represented a significant financial
boost for the American program. As
Alexander Sachs observed a few years
later, the program had become “in-
vested with the importance, the re-
sources and the secrecy available to
the Government of the United States

for the translation of the idea
into a reality. . . .” %

While the NDRC was able to focus
the energy and capabilities of civilian
scientists on many aspects of military
technology, it left certain gaps in the
program to mobilize American sci-
ence for war. Hence, at the end of
June 1941, President Roosevelt estab-
lished the Office of Scientific Re-
search and Development (OSRD),
with the NDRC as one of its subordi-
nate agencies. Bush became OSRD
director and James B. Conant, presi-
dent of Harvard University, succeed-
ed Bush as NDRC chairman. In this
reorganization the Committee on
Uranium under Briggs remained
within the NDRC, but it was some-
what enlarged and was renamed the
Section on Uranium. Again it includ-
ed no Army or Navy representatives,
and even Ross Gunn of the Naval Re-
search Laboratory was no longer a
member. %

New Advances in Atomic Research,
1940-1941

In mid-July 1941, enthusiastic over
reports that atomic scientists in Amer-
ica and Great Britain were making

2 Quoted words from Sachs History, p. 27, MDR.
Smyth Report, pp. 34-35; Stewart, Organizing Saentific
Research for War, pp. 121 and 123; Baxter, Scientists
Against Time, p. 424; Testimony of Gunn in Atomic
Energy Hearings on S. Res. 179, pp. 367 and 371.

26 Stewart, Organizing Scientific Research for War, pp.
34-40 and 121; Smyth Repors, p. 35.
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significant progress in atomic re-
search, Vannevar Bush reported to
the President that “new knowledge”
made “it probable that the produc-
tion of a super-explosive may not be
as remote a matter as previously ap-
peared.” 27 At Columbia, supported
by investigations at Princeton and the
Universities of Chicago and California
(Berkeley), researchers produced suf-
ficient favorable data on the capture
cross sections for the neutrons of
U-235 and U-238 and on the ab-
sorption qualities of graphite to justi-
ty construction in July 1941 of the
first lattice pile—a large graphite cube
in which containers of uranium oxide
were distributed at equal intervals.
The research results also convinced
many more scientists that a chain re-
action in a uranium-graphite system
eventually would be achieved.

At Berkeley, physicists working with
Ernest O. Lawrence on the bombard-
ment of wuranium with neutrons
discovered that the capture of fast
neutrons by U-238 transmuted that
isotope first into element 93 and then
into element 94, which they named
neptunium and plutonium, respective-
ly. After further investigation of these
transuranium elements, neither of
which was then known to exist in
nature, Lawrence’s group concluded
that plutonium had the same fission
characteristics as U-235; it could be
split by neutrons and would, in turn,
release more neutrons. U-238, hither-
to regarded as worthless for energy
purposes, was in fact a prime source.

27 NDRC Rpt. 1940-41, p. 35, Incl to Ltr, Bush
to President, 16 Jul 41, FDR. Except as indicated,
following section on progress of atomic research in
the United States during 1940-41 based on Smyth
Report, pp. 26, 36, 38-41, 47-49.
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ERNEST O. LAWRENCE, ARTHUR H. CoMPTON, VANNEVAR BusH, AND JaMEs B.
CONANT (left to right), four of the Manhattan Project’s scientific leaders (1940 photograph)

Furthermore, as there was reason to
believe that chemical separation of
plutonium from uranium might prove
more practicable than isotopic separa-
tion of U-235 from U-238, chances
that an atomic bomb based on a fast-
neutron chain reaction could be built
were tremendously increased.
American atomic scientists learned
of encouraging British developments
on isotopic separation by gaseous dif-
fusion and on heavy water as a mod-
erator in a slow-neutron chain reac-
tion system through a scientific infor-
mation exchange program, begun in
the fall of 1940. With the support of
the War and Navy Departments,

NDRC members conferred informally
with British scientific representatives,
both in the United States and in Eng-
land, achieving a limited exchange of
data about the progress of nuclear re-
search in each country.2®

28[See Ch. X|for discussion of a formal program
of information interchange with Great Britain on
nuclear matters. Margaret Gowing, Britain and Atomic
Energy, 1939-1945 (London: Macmillan and Co., St.
Martin’s Press, 1946), pp. 115-26; ]J. G. Crowther
and R. Whiddington, Science at War (London: His
Majesty’s Stationery Office, 1947), pp. 143-46; H.
Duncan Hall and C. C. Wrigley, Studies of Overseas
Supply, History of the Second World War (London:
His Majesty’s Stationery Office, 1956), pp. 358-85
and 405-13; Sir George Thomson, “Anglo-U.S. Co-
operation on Atomic Energy,” American Scientist 41
(Jan 53): 78.
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In the summer of 1941, a special
reviewing committee of the National
Academy of Sciences supported
Bush’s optimism. The committee, es-
tablished at Briggs’s suggestion that
an impartial evaluation of the atomic
program was needed, first met in May
under the chairmanship of Arthur H.
Compton, head of the physics depart-
ment and dean of the Division of
Physical Sciences at the University of
Chicago. The committee’s initial
report was buttressed by supporting
remarks from Briggs, and on 18 July
the NDRC approved contracts and
transfers amounting to  nearly
$400,000 for chain reaction, nuclear
power, and isotope separation re-
search. While the NDRC remained
cautious in its estimate of whether
atomic energy could be harnessed in
time to affect the outcome of the war,
it recognized that continued progress
in nuclear research would eventually
require establishment of a long-range
program so vast and expensive that in
wartime only the Army or Navy could
carry it out.2?

The pressure of an all-out attack on
the problem of atomic energy grew
rapidly. At the University of Califor-
nia, Lawrence was more and more
convinced of the feasibility of using
plutonium to make an atomic bomb
and he communicated his enthusiasm
to both Compton and Conant. Comp-
ton was especially interested and he,
in turn, talked with other nuclear re-
searchers. From Urey and physicist
John Dunning, who also was on the staff
at Columbia, he learned of progress on

29 Baxter, Scientists Against Time, pp. 424-26;
Compton, Atomic Quest, pp. 45-49; Smyth Report, pp.
35 and 49; Stewart, Organizing Scientific Research for
War, p. 121; Hewlett and Anderson, New World, pp.
36-43.
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isotope separation, and from Fermi
he received encouraging news of the
results of experiments with the lattice
pile. Most of the scientists now in-
volved felt that the atomic energy
program should be pushed, and in
mid-October, at Conant’s suggestion,
Compton reconvened his reviewing
committee, now somewhat enlarged,
to prepare another report.3°

On 3 October, Bush received the
first official copy of a British review of
atomic energy that had been complet-
ed in mid-July, but he was not yet at
liberty to disclose its contents to the
NDRC. The British scientists had op-
timistically concluded that a uranium
bomb could be built with an explosive
power of 1,800 tons of TNT. They in-
dicated a rough idea of its critical
mass and possible methods of assem-
bly and fusing. They thought the gas-
eous diffusion method offered the
best answer to the problem of separat-
ing a sufficient amount of U-235 and
the uranium-heavy water system gave
promise as a means for producing
power and plutonium.31

Top Policy Group: Preparing for
Army Take Over

Increasing conviction that atomic
bombs were feasible prompted Bush
to take immediate steps to obtain the
high-level policy decisions he had
foreseen would be necessary to assure
aggressive pursuit of the uranium
program. On 9 October 1941, almost

30 Compton, Atomic Quest, pp. 6-9 and 53-56;
Smyth Report, p. 36; Hewlett and Anderson, New
World, pp. 45-49.

31 Smyth Report, p. 36; Crowther and Whidding-
ton, Science at War, pp. 144-45; Thomson, “Anglo-
U.S. Cooperation,” pp. 78-79; Gowing, Britain and
Atomic Energy, pp- 83-86 and 116-17.
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two years to the day on which Alexan-
der Sachs first informed the President
about atomic energy, Bush had a long
conversation with Roosevelt and Vice
President Henry A. Wallace. In late
July, Bush and Wallace had discussed
the progress of the American pro-
gram; now, supported with more con-
crete evidence of possible success at
hand, they were considering what the
President could do to further develop
the program. The OSRD director out-
lined the current status of research in
both the United States and Great
Britain, pointing up the general opti-
mism of the scientists in both coun-
tries but, at the same time, emphasiz-
ing that their predictions could not be
guaranteed. He indicated, too, that
much work would be required before
success could be anticipated.
President Roosevelt agreed that the
atomic energy program must be pro-
vided with a better organization and
more funds and that arrangements
should be made for a complete inter-
change of information with the Brit-
ish. He directed formation of what
was informally designated the Top
Policy Group, to be headed by him-
self—although he never actually par-
ticipated in its proceedings—and to
consist of Vice President Henry A.
Wallace, Secretary of War Henry L.
Stimson, Army Chief of Staff General
George C. Marshall, Vannevar Bush,
and James B. Conant.?2 Thus the
President took the first step in imple-
menting a maximum effort to develop
an atomic bomb as soon as possible.
He also decided that the Army, and
not the Navy, would be given the pri-

32 Baxter, Scientists Against Time, p. 427, Smyth
Report, p. 37; Lu, Bush to President, 9 Mar 42, HB
Files, Fldr 58, MDR.

mary responsibility for attaining this
goal.

The NDRC had concluded that no
private institution or relevant govern-
ment agency had the means or per-
sonnel to carry out the extraordinarily
large tasks of plant construction and
administering development of a nu-
clear weapon. The choice, then, was
the Army or the Navy. When
Roosevelt appointed Secretary Stim-
son and General Marshall to the Top
Policy Group that had no naval rep-
resentation, he decided in effect that
the Army was to manage the job.
Why had the President selected the
Army when the Navy had exhibited
much greater interest in nuclear re-
search? Indications are that Bush and
his associates had decided that the
Army was the more appropriate
choice for the project. The end prod-
uct was to be a bomb, presumably de-
livered by an Army bomber. Also the
Army, judged on the basis of its past
experience and its organization, ap-
peared better fitted to undertake the
vast construction program.33

The President also had agreed to
establish an effective exchange of in-
formation with the British. On 11 Oc-
tober he communicated with Prime
Minister Winston S. Churchill, sug-
gesting that they correspond or talk
about atomic developments, inaugu-

33 Col. James C. Marshall, who would head the
new Army engineer district that would administer
the atomic bomb program, reported that Bush, in
the fall of 1942, told him and other Army officers
that the Navy “had been left out of the present
project at the explicit direction of the President.”
See Marshall Diary, 21 Sep 42, MDR. The Navy,
nevertheless, would continue to support research al-
ready under way on liquid thermal diffusion. See
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SECRETARY OF WAR HENRY L. STIMSON

rating a period of regular interchange
between the two countries.?*

The President’s efforts to strength-
en the American atomic energy pro-
gram were reinforced a few weeks
later by Compton’s National Academy
reviewing committee. On 6 Novem-
ber, the committee issued another re-
port that, while not as optimistic as the
earlier British study, nevertheless con-
stituted a strong endorsement of an
expanded atomic bomb program. Be-
cause Compton’s group had prepared
its report without access to the British
conclusions—Bush up to now had

31, Roosevelt to Churchill, 11 Oct 41, FDR;
Churchill’s reply quoted in Msg, Prime Minister to
Harry L. Hopkins, 27 Feb 43, HLH; Crowther and
Whiddington, Science at War, p. 146; Smyth Report, p.
37. For detailed discussion of efforts to establish ef-

fective interchange in late 1941[see Ch. X]

been bound not to disclose them—its
findings consisted of both a further
verification of the British views and an
independent recommendation.

The committee report stated that
“within a few years . . . military supe-
riority’”  might be determined by
U-235 bombs and that building these
bombs seemed ‘‘as sure as any un-
tried prediction based upon theory
and experiment can be.” The amount
of U-235 needed for each bomb
would be between 2 and 100 kilo-
grams, producing an explosive energy
per kilogram of U-235 equal to that
of about 300 tons of TNT and a de-
structive effect equivalent to about 30
tons of TNT. Atomic bombs could
thus be of ‘“‘decisive importance” in
defeating Germany and, based on an
estimate that military and industrial
targets in Germany could be devastat-
ed with 500,000 tons of TNT bombs,
from 1 to 10 tons of U-235 would be
needed to do the same job. This
much U-235 could be obtained, con-
tinued the report, by one or more
methods of isotope separation, of
which the gaseous diffusion and cen-
trifuge methods appeared to be fur-
thest along in development. In ac-
cordance with instructions from Bush,
the committee did not discuss pluto-
nium and it purposely played down
the expense of producing U-235
bombs to avoid arousing government
fears of excessive costs. “If all possi-
ble eftort is spent on the program,”
the report concluded, “fission
bombs” might “‘be available in signifi-
cant quantity within three or four
years.” 3%
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This prediction came at a time
when only infinitesimal amounts of
plutonium had been produced and
when no appreciable quantity of
U-235 had been separated from
U-238, no large amounts of uranium
metal or moderators produced, and,
as yet, no chain reaction achieved.
Nevertheless, the committee report,
as had its British counterpart, reflect-
ed the substantial progress that had
been made in research. Although
some scientists were still no more
convinced that atomic weapons were
imminently possible than they had
been a year earlier, the threat of
American involvement in war now
seemed far stronger, with the result
that large expenditures of money and
effort were no longer seen as ex-
travagances but rather as necessary
precautions.

Bush’s first action after receiving
Compton’s committee report was to
show it to Secretary of War Stimson.
Whether the 6 November meeting
was Stimson’s first word of his ap-
pointment to the Top Policy Group is
not clear, but there is no doubt about
his reaction to the awesome possibili-
ties of an atomic bomb. “A most ter-
rible thing,” he called it, sensing the
grave responsibility falling upon those
who would unleash the power of such

% Both quotations from Rpt, Academy Committee
on Uranium, sub: Rpt to President of the Natl Acad-
emy of Sciences, 6 Nov 41, OSRD. Portions of the
report are reproduced in the following sources:
Smyth Report, pp. 49-52; Smyth Ms (containing
some material not included in final version), Admin
Files, Gen Corresp, 319.1 (Smyth Rpt), MDR;
Compton, Atomic Quest, pp. 56-59; Baxter, Scientists
Against Time, pp. 426-28.
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a devastating weapon. 3¢

During the next few weeks, Bush
apparently reviewed the entire Ameri-
can atomic energy program and, in
compliance with the President’s in-
structions, devised a plan for an ad-
ministrative reorganization designed
to expedite efforts “in every possible
way.” 37 Finally, on 27 November,
Bush forwarded the report of Comp-
tion’s reviewing committee to Roose-
velt and, presumably, his own rec-
ommendations for the new organi-
zation. The NDRC endorsed these
recommendations on the twenty-
eighth. Then on 6 December 1941,
the day before the Japanese attack on
Pearl Harbor, Conant—speaking for
Bush—announced the details of the
new organization to those persons
who would now join together in a
maximum effort to develop an atomic
bomb.

Under the new organization, the
atomic energy program was divorced
from the NDRC and placed under the
immediate supervision of Bush as the
OSRD director. Bush reported direct-
ly to the President, at the same time
keeping Vice President Wallace and
Secretary Stimson fully informed. The
scientific group under Bush was now
called the OSRD S-1 Section, drop-
ping the word wuranium for security
reasons. Its function was to recom-
mend and coordinate action on nucle-
ar research, ensure that authorized as-
signments were carried out, and,
within six months, prepare a final

3¢Diary of Henry L. Stimson (hereafter cited as
Stimson Diary), 6 Nov 41, HLS; Henry L. Stumson,
“The Decision To Use the Bomb,” Harper’s 194
(Feb 47): 98-99; Compton, Atomic Quest, p. 59.

37Ltr, Bush to President, 9 Mar 42, MDR.,
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report on the feasibility of building
atomic bombs.

Conant, acting as Bush’s represent-
ative, had oversight of the whole pro-
gram. Briggs stayed on as chairman
of the S-1 Section, with Dean Pegram
of Columbia as vice chairman and a
number of outstanding scientists serv-
ing as consultants. In addition, three
program chiefs, each a Nobel Prize
winner, were in charge of three dis-
tinct programs in physics. Arthur H.
Compton of the University of Chicago
headed the program of basic physics
studies and measurements of nuclear
properties pertinent to the chain reac-
tion. His program also included ex-
ploring the problem of plutonium
production by means of the con-
trolled fissioning of uranium. Ernest
O. Lawrence of the University of Cali-
fornia, Berkeley, had responsibility
for producing the first small samples
of fissionable elements, isotope sepa-
ration by the electromagnetic method,
and experimental work on the prop-
erties of plutonium. Finally, Harold
C. Urey of Columbia University had
charge of isotope separation by the
diffusion and centrifuge methods, as
well as research on heavy water
production.

To supervise engineering procure-
ment and production plant construc-
tion—activities that Bush and his as-
sociates knew must shortly be turned
over to the Army—the OSRD director
set up a planning board, headed by
Eger V. Murphree, vice president of
the Standard Oil Development Com-
pany, an affiliate of Standard Oil
Company (New Jersey). The OSRD
would enter into and finance all con-
tracts negotiated in support of the re-
organized atomic energy program.
The board would make recommenda-

THE ARMY AND THE ATOMIC BOMB

tions to Bush concerning those con-
tracts for engineering, for develop-
ment of the diffusion and centrifuge
processes, and for the heavy water
program. Briggs and Conant, with the
interested program chiefs, would rec-
ommend all other contracts. When
the Army took over administration of
much of the atomic energy program,
many OSRD contracts had to be
renegotiated.?®

America’s entry into World War II
hastened the move for the Army to
take over the primary direction and
control of the bomb development
project. Concrete steps to bring about
this change came up for discussion at
a meeting of the Top Policy Group
called by Vice President Wallace on
16 December. In attendance were
Secretary Stimson, Bush, Wallace,
and, in addition, Harold D. Smith, di-
rector of the Budget Bureau. Conant
and General Marshall were unable to
attend. According to Secretary Stim-
son, that meeting was significant. The
group discussed, he recorded, ‘‘some
of the new inventions, many of them
diabolical, that are coming out of the
Scientific  Research  Commission”
[NDRC] and ‘“‘decided to go ahead
with certain experiments.” Bush him-
self noted the group’s strong opinion
“that ‘'OSRD should press as fast as
possible on the construction of pilot
plants.” 3 He estimated this aspect of

38]bid. and Incl; Smyth Report, pp. 53-55; Baxter,
Scientists Against Time, p. 428; Compton, Atomic Quest,
pp- 62-63 and 68-78; Stewart, Organizing Scentific
Research for War, pp. 121-22; Hewlett and Anderson,
New Werld, pp. 40-51; Charles Sterling Popple,
Standard Oil Company (New Jersey) in World War II
{New York: Standard Oil Co., 1952), p. 295.

89 Stimson Diary, 16 Dec 41, HLS; Bush quoted in
Smyth Report, p. 55.
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the work would cost $4 to $5 million
and stated that the Army should take
over when full-scale construction
began, presumably when the pilot
plants were ready. He recommended
that a suitably trained Army officer
should familiarize himself with the
general nature of the program.

The Top Policy Group then ap-
proved Bush’s reorganization of the
atomic energy program and his plans
and recommendations for action.
They also agreed that the internation-
al aspects were clearly a presidential
responsibility, with Bush’s function
limited to laison solely on technical
matters.*°

Progress in Research and Development:
The Nuclear Steeplechase

Two days later, on 18 December,
the new OSRD S-1 Section held its
first meeting, a session ‘‘pervaded by
an atmosphere of enthusiasm and ur-
gency.” *1 Conant explained again
the decision to proceed with the de-
velopment of the bomb and stressed
the necessity of a maximum effort.
His words were seconded by Urey
and Pegram, recently returned from
England, who described British
progress on the gaseous diffusion
method of isotope separation and in
experiments with heavy water. They
also emphasized that Britain greatly
feared Germany might produce
atomic bombs before the Allies. Prob-
ably the most enthusiastic presenta-
tion was Lawrence’s description of his
success in testing the electromagnetic
method as a possible process for sep-

40 Smyth Report, p. 55; Lir, Bush to President,
9 Mar 42, MDR; Hewlett and Anderson, New Horld,
pp- 51-52.

41 Smyth Report, p. 55.

arating uranium isotopes. As a
member of Compton’s reviewing
committee the previous summer, Law-
rence had become convinced of the
great potentialities of this method in
spite of the widely prevailing belief
among scientists that the so-called
space charge limitation—mutual re-
pulsion of ions, making sharp focus of
a beam of particles impossible—made
it impractical for large-scale separa-
tion. Lawrence asserted that experi-
ments at his Berkeley-based Radiation
Laboratory with the mass spectro-
graph proved that the technical diffi-
culties that tended to reduce the effi-
ciency of the electromagnetic process
could be overcome.*2

A 184-inch cyclotron magnet,
nearly five times wider than the 37-
inch magnet used for previous experi-
ments, had been under construction
at the University of California, Berke-
ley, funded by the Rockefeller Foun-
dation. Work had stopped because of
the war, but now an extra appropria-
tion from the foundation permitted
Lawrence to complete the project by
the end of May 1942, providing a
means, as Lawrence wrote later, that
“made it seem possible that we might
be able to get somewhere . . . In ime
to be of value in this war.” 43

With the Radiation Laboratory re-
searchers concentrating increasingly
on electromagnetic separation, most

42 Rpt, W. M. Brobeck and W. B. Revnolds, sub:
On Future Development of Electromagnetic System
of Tube Alloys Isotope Separation, 15 jan 45, OCG
Files, Gen Corresp, Groves Files, Fldr 10, MDR;
Compton, Atwmic Quest, pp. 76-77; Hewlett and An-
derson, New World, pp. 56-57.

43 Ltr, Lawrence to Warren Weaver (Natural Sci-
ences Div Dir, Rockefeller Foundation), 20 Aug 45,
Admin Files, Gen Corresp, 201 (W), MDR; Smyth
Report, pp. 46, 49, 55, 136-40; Compton, dtomic
Quest, pp. 73-74.
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of the work on plutonium was left to
Compton’s  University of Chicago
group that was investigating the feasi-
bility of achieving a chain reaction. In
January 1941, Compton decided to
move the scientists working under his
supervision at Columbia and Prince-
ton to the University of Chicago. By
early February, he concentrated the
various research and development ac-
tivities under what was called, for se-
curity reasons, the Metallurgical Lab-
oratory. Compton’s group devoted
itself henceforth to three main tasks:
achievement of a chain reaction; study
of the chemistry of plutonium, includ-
ing development of a means for sepa-
rating 1t from wuranium; and the
design of plutonium-producing piles.
Because these tasks depended upon
an adequate supply of uranium and
graphite, representatives of the Metal-
lurgical Laboratory also actively sup-
ported the S-1 Secuon’s planning
board in the procurement program,
contributing much to its success.**

At the same time, research on the
gaseous diffusion process and on the
production of heavy water went for-
ward under Harold Urey’s direction
at Columbia, and investigations on
the centrifuge method of separation
progressed under the general supervi-
sion of Eger Murphree at the Univer-
sity of Virginia, where physicist Jesse
W. Beams directed the program, and
at the Standard Oil Development
Company in New Jersey, where re-
search begun earlier at Columbia was
continued.

Work was also proceeding on still
another separation method, liquid
thermal diffusion, based on the tend-

44 Smvth Report, pp. 56 and 63-65; Compton,
Atomic Quest. pp. 80-98.
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ency of one of two isotopes in a fluid
to concentrate near the hotter of two
opposing surfaces. Philip H. Abelson
had started research on this process
at the Carnegie Institution but later
moved to facilities at the Naval Re-
search Laboratory. While develop-
ment of the thermal diffusion process
was not a part of the OSRD program,
it would prove highly useful to the
atomic project at a later date.45

Thus the OSRD was at work simul-
taneously on five methods of pro-
ducing fissionable materials—three
isotope separation processes (electro-
magnetic, gaseous diffusion, and
centrifuge) for producing U-235 and
two pile processes (uranium-graphite
and uranium-heavy water) for manu-
facturing plutonium—projects Conant
referred to as five “horses” in a
race.*® Choosing a favorite and pre-
dicting an outcome, however, were
almost impossible because any one of
the horses might encounter insur-
mountable obstacles. Although con-
centrating all resources on the most
promising horse would have been
more efficient and economic, playing
this odd just might have enabled Ger-
many to be the first to build an
atomic bomb.

In support of this nuclear steeple-
chase, the OSRD, by early February
1942, had entered into ten contracts
with twelve institutions totaling more
than $1 million, figures that roughly
doubled in the next month. On the

45 Smyth Report, pp. 47 and 56; Testimony of

Gunn in Atomic Energy Hearings on S. Res. 179, pp.
367-68.

46 In his account of the development of alternate
methods for producing fissionable matenals in early
1942, Compton counted only four “horses™ in the
race, perceiving the two pile processes as a single
method. See dtomic Quest, pp. 77-78.
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twentieth, Conant recommended that
all five methods “be pushed vigorous-
ly” unul 1 July, by which time he
hoped many of the contracts could be
dropped or revised in accordance
with whatever progress had been
made. Indeed, Conant continued, if
by then the electromagnetic method
of separation demonstrated a clear ca-
pability “of producing grams per
day,” work on other methods of pro-
ducing fissionable materials might be
dropped or at least continued at a
slower pace. Furthermore, even if all
five horses had to be kept running “at
full speed down the course” until the
beginning of 1943, the OSRD re-
search program might still be com-
pleted for between $10 and $17
million.*7?

The “intense scientific research and
engineering planning now underway”
was the subject of a guardedly opu-
mustic progress report that Bush sub-
mitted to the President on 9 March.
“The possibility of actual production
appears more certain,” he wrote, but
“the way to full accomplishment is
still exceedingly difficult.” A full-scale
effort might achieve completion of
the project in 1944, or possibly six
months sooner, and success for either
the Allies or the enemy could “be de-
termining in the war effort.” Bush
pointed out that the work was “rapid-
ly approaching the pilot plant stage,”
with selection of the best methods of
production not too far off. The
summer of 1942, he believed, would
“find the matter ready to turn over to
Army control, for actual production

%7 Conant’s words as quoted in Baxter, Scientists
Against Time, p. 433; Smyth Report, p. 56; Rpt to
President, sub: Status of Tube Alloys Development,
9 Mar 42, Incl to Ltr, Bush to President, same date,
MDR.
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plant construction.” A further reason
for transferring ‘‘the whole matter . . .
to the War Department,” Bush
added, was the necessity for institut-
ing tight security measures once
actual production began.*8

With the Army’s entrance into the
atomic energy program only a few
months off, it was time to assign a
suitable officer to follow nuclear de-
velopments. For this mission, General
Marshall personally chose Brig. Gen.
Wilhelm D. Styer, chief of staff of the
Services of Supply (SOS). A graduate
of the U.S. Military Academy, with an
additional degree in civil engineering
from Massachusetts Institute of Tech-
nology and two decades of experience
as a Corps of Engineers officer super-
vising various kinds of construction
projects, Styer was well qualfied to
lay the groundwork for Army partic-
pation in the atomic energy program.
He immediately began an intensive
study of the project, in close coordi-
nation with Bush and the S-1 Section.
Despite the demands of his SOS
duties, from this point until his depar-
ture for an overseas assignment late
in the war, General Styer would play
an important part in the Army’s effort
to produce an atomic bomb.4?

48 1 tr, Bush to President, 9 Mar 42, MDR.

49 1st Ind, Styer to Chief of Mil Hist, 15 Aug 61,
to Ltr, Chief of Mil Hist to Styer, 17 Jul 61, CMH;
Memo, Bush and Conant to Wallace, Stimson, and
Marshall, sub: Atomic Fission Bombs, 13 Jun 42,
Incl to Ltr, Bush to President, 17 Jun 42, HB Files,
Fldr 6, MDR (cf. Lir, Bush to President, 9 Mar 42,
and Inc, MDR). On Styer, see John D. Millett, The
Organization and Role of the Army Service Forces, U.S.
Army in World War II (Washington, D.C.: Govern-
ment Printing Office, 1954), pp. 5, 32, 369, and
passim; Cullum, Biographical Register, 6B:1806,
7:1121-22, 8:306, 9:207.
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Meanwhile, the five horses were in
the running, four of them neck and
neck, with a fifth one now bidding to
join the race. This was the alternate
method of producing plutonium by
using heavy water instead of graphite
as the moderator in a chain reaction
pile, a process strongly championed
by Urey. As work approached the
pilot plant stage, the need to concen-
trate on one or more of these horses
was becoming increasingly apparent.
To conserve time, design and con-
struction of actual production plants
should begin even before the pilot
plants were finished. However,
Conant believed there was “‘a desper-
ate need for speed” to build the
bombs before the Germans could and
he only solution was to go ahead on
all five.59

On 23 May, S- 1 Section Chairman
Lyman Briggs met with Compton,
Lawrence, Urey, and Murphree to
make final recommendations on the
program. In a report submitted to
Bush two days later, the group con-
cluded that practical atomic bombs of
either U-235 or plutonium, with an
energy release equal to that of several
thousand tons of TNT, were definite-
ly feasible. Underestimating the
amount of fissionable material later
found necessary for each bomb, as
well as the time required for develop-
ment and construction, they believed
the bombs would be available in small
quantities by about July 1944. They
recommended funding of all five
methods, although, for reasons ad-
vanced primarily by Compton, they
gave the uranium-graphite pile a defi-
nite priority over the heavy water pile.
They also proposed a pilot diffusion

50 Quoted in Baxter, Scientists Against Time, p. 434.
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plant and preparation of complete en-
gineering designs for a full-scale dif-
fusion installation. They advised con-
structing a centrifuge plant by Janu-
ary 1944, an electromagnetic plant by
late 1943, a plutonium-producing
atomic power installation by early
1944, and, as an auxiliary to the
latter, heavy water plants by May
1943.

Bush, Conant, and General Styer
approved these recommendations
and, on 13 June, Bush and Conant
submitted them to the Top Policy
Group with detailed plans to expand
the atomic energy program. They un-
derlined the danger of German suc-
cess in building an atomic bomb and
endorsed the proposal to continue
work on all major methods of produc-
tion. At the same time, they warned
that such a course would interfere
with other military research and
called for careful judgment, when fur-
ther study made it possible, to
achieve a better balance.>!

Importantly, Bush and Conant rec-
ommended that construction of the
separation plants and development of
the power project be turned over to
the Army, specifically “to be in [the]
charge of a qualified officer designat-
ed by the Chief of Engineers and re-
porting to him. . . .”” They also sug-
gested that this officer be assisted on
a full-time basis by leading civilian
scientists and engineers, ‘‘preferably
in the status of officers.” ®2 Funds for

51 1bid., pp. 434-35; Memo, Bush and Conant to
Wallace, Sumson, and Marshall, 13 Jun 42, Incl to
Ltr, Bush to President, 17 Jun 42, MDR; Smyth
Report, pp. 56-57; Compton, Atomic Quest, pp. 98-
108.

52 Memo, Bush and Conant to Wallace, Stimson,
and Marshall, 13 Jun 42, Incl to Ltr, Bush to Presi-
dent, 17 Jun 42, MDR.
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this work—$54 million in fiscal year
1943—should be made available to
the Engineers chief who, to avoid
delay, should be authorized to spend
or overobligate any money under his
control with the understanding that
he would be reimbursed later. After
consulting with the S-1 Section’s
planning board, the Engineers chief
should also begin immediately to let
contracts for the detailed design of all
plants.

Under the Bush-Conant proposals,
the OSRD would continue to direct
and control research and develop-
ment, with $31 million directly
available for this purpose and an ad-
ditional $5 million held in reserve for
contingencies in the next fiscal year.
There would be frequent meetings
between representatives of the OSRD
and the Corps of Engineers in order
to coordinate and report on research,
development, and construction. Re-
search and development on the actual
military uses of atomic energy would
be under the Joint Committee on
New Weapons and Equipment of the
Joint Chiefs of Staff. In addition,
Bush and Conant suggested that sites
be selected, priorities established, and
close security regulations imposed on
the entire project.

With the approval of Vice President
Wallace, Secretary Stimson, and Gen-
eral Marshall, Bush forwarded the
proposed program to the President
on 17 June 1942. “If you also ap-
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prove,” he wrote, “we will proceed
along these lines immediately.” The
President’s  initials—"OK FDR”—
were affixed that day, signaling the
decision to go ahead.®3

The United States was now firmly
and fully committed to an all-out
effort to build an atomic bomb. From
mitial skepticism and only casual in-
terest, the attitude of the government
had changed gradually to one of
active support. The ultimate decision
to build the bomb was a presidential
one and, as such, had been made at
the meeting with Wallace and Bush
on 9 October 1941. But laying the
groundwork for that far-reaching de-
cision were the intermediate steps
taken by Bush and his scientific asso-
ciates in early December 1941, rein-
forced by Stimson and Wallace later
that month, and confirmed by mem-
bers of the S-1 Section and the Top
Policy Group in the spring of 1942.
As for the Army, the President’s deci-
sion on 17 June brought it back into
the atomic bomb program, this time
to participate on a far broader scale.
Within hours of that decision, the
Army designated Col. James C. Mar-
shall, who had nearly twenty-five
years as a regular in the Corps of
Engineers, to begin the task of orga-
nizing and carrying out its vast new
assignment as administrator of all
construction work for that program.

53 Ltr, Bush to President, 17 Jun 42, MDR.



CHAPTER 11

Establishing the Manhattan District

Undeterred bv the unusual nature
of the atomic energy program, the
Armyv Corps of Engineers in June
1942 prepared to carry out its new
wartime  construction  assignment.
After his inital conference with Bng.
Gen. Wilhelm D. Styver late in the
afternoon of the eighteenth, Col.
James C. Marshall experienced a cer-
tain restlessness as he tried to com-
prehend the scope of the new task at
hand. The next dav, he received some
of the answers to his manv questions
when Styer took him to the Office of
Scientific Research and Development
to call on Vannevar Bush. The OSRD
director gave the two officers several
documents, among them a copy of
the program for continued develop-
ment of atomic energy that President
Roosevelt had approved on the seven-
teenth. From these papers Marshall
learned that

the Army was now
charged with “all large-scale as-
pects,” 1 as Bush put it, of the atomic

energy program, with the OSRD re-
taining responsibility for scientific re-
search and pilot plant experimenta-
tion. The Army’s mission included
building both pilot and full-scale
plants for producing fissionable mate-
rials to be used in the manufacture of

!'Memo, Bush 10 Conant, sub: Tubcallov [Tube
Allovs| Prgm, 19 Jun 42, HB Files, Fldr 6. MDR.

atomic bombs, letting contracts for
these plants and others to be under
OSRD direction, and extensive site
selection, acquisition, and develop-
ment—all to be carrnied out in close
coordination with the OSRD.

That afternoon, again in General
Stver’s office, Colonel Marshall re-
ceived formal orders on the Army’s
phase of the atomic energv project.
On the covering letter of the ap-
proved program, Stver wrote the fol-
lowing endorsement to Marshall:
“This 1s referred to vou for informa-
tion and appropriate action in accord-
ance with our discussion of this sub-
ject with Dr. Bush this morning.” 2
This simple statement constituted the
basic directive to the Corps of Engi-
neers for its work on development of
the atomic bomb. Styer also empha-
sized that the orders had come direct-
ly from the War Deparment’s Services
of Supply (SOS) and that Colonel
Marshall would furnish all details of
the new project to the Engineers
chief, Maj. Gen. Eugene Revbold.

In the weeks that followed the hur-
ried orientation of the past two days,
Colonel Marshall became more famil-
iar with the current status of the pro-

2 Ist Ind, Stver to Marshall, 19 Jun 42, to Ltr,
Bush to Stver. same date, HB Files, Fldr 6, MDR.
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Bri1G. GEN. WiLHELM D. STYER
(1941 photograph)

gram and what the Armv’s role was to
be in the months ahead. He was (o
have broad authority to use engineer
facilities, choose personnel, and take
whatever steps were necessary to
carry out his assignment. Marshall
soon realized, however, that he was
going to need all the assistance he
could muster in order to have any
hope of success in achieving his
mission.3

Organizing the District

The Engineers chief normally over-
saw construction projects through an
engineer district, the basic unit of the

8 Marshall Diary, 19 Jun 42, OCG Files. Gen Cor-
resp, Groves Files, Misc Recs Scc. behind Fldr 5,
MDR.

enginecr field organization for super-
vising construction work. The district
engineer customarily was responsible
to a division enginecer, who headed
one of the eleven geographical divi-
sions in the United States (which, in
1942, constituted regional administra-
tive headquarters of the Engineer De-
partment of the Corps). Because of
the special character, scope, and im-
portance of Colonel Marshall’s mis-
sion, however, the new district to
oversee atomic energy construction
would be directly subordinate to the
Engineers chief and, unrestricted by
geographical limitations, its field of
operations would extend into other
districts and divisions. Furthermore,
although designated a district engi-
neer, Marshall was to have all the au-
thority, responsibility, and independ-
ence regularly granted to a division
engineer. Indeed, in many respects,
he was to have far more.*

While Marshall’s responsibility was
to the Engineers chief, in practice he
worked with Reybold’s assistant, Brig.
Gen. Thomas M. Robins, who was 1n
charge of construction, and particu-
larly with his deputy, Col. Leslie R.
Groves. During the summer of 1942,
Robins and Groves reviewed Mar-
shall’s plans and furnished him with
the support and assistance necessary
to get the project started. Appropri-
ate agencies of the chief’s staff also
cooperated fully with Marshall, who
was able to make good use of other
engineer facilittes and War Depart-
ment assistance. On all important de-

4+ AR 100-20, 18 Sep 42: Paul W. Thompson,
IWhat You Showld Know About the Army Engueers (New
York: W. W. Norton and Co., 1942), pp. 194-96.
Subsecuon based primarily on Marshall Diary, MDR,
and Groves, Now It Can Be Told, pp. 11-18.
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cisions, Marshall consulted with Gen-
erals Reybold and Styer; the latter, in
addition to his many duties as SOS
chief of staff, kept well abreast of cur-
rent nuclear developments. To en-
force strict secrecy, Army Chief of
Staff General George C. Marshall
originally had forbidden Styer to
reveal to the SOS commander, Lit.
Gen. Brehon B. Somervell, anything
about the atomic energy program. In
June, however, with the entrance of
the Army into an active role in the
project, General Marshall directed
Styer to brief Somervell and to enlist
his support.®

5 Stver’s recollection is that he was not authorized
to bring in Somervell until September, but contem-
porary evidence indicates Somervell was participat-
ing in late June. Ist Ind, Stver to Chicf of Mil Hist,
15 Aug 61, to Ltr, Chief of Mil Hist to Styer, 17 Jul
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In late June, Colonel Marshall
opened a liaison office in Washing-
ton, D.C., in the New War Depart-
ment Building at 21st Street and Vir-
ginia Avenue, NW. At the same time,
he set up temporary district head-
quarters at 270 Broadway in New
York, where he had ready access not
only to the colocated administrative
faaliies of the Engineer Depart-
ment’'s North Atlantic Division but
also to the Manhattan office of the
Stone and Webster Engineering Cor-
poration, soon to become a major
contractor for the atomic project. To
stafl’ the district, Colonel Marshall re-
ceived authorization from the Engi-
neers chief to draw on officers and ci-
vilians who had served under him in
the Syracuse District, among them Lt.
Col. Kenneth D. Nichols, whom he
appointed assistant district engineer.
The Syracuse District recently had
completed the major part of its war-
time construction program and, as the
volume of work decreased during the
summer, Marshall was able to draw
more and more personnel from his
former command. Soon over a dozen
men had transferred to the new dis-
trict. Several who were civilians at the
time subsequently received reserve
commissions and went on active duty.
To provide still more officers, Gener-
al Robins directed other districts to
give Marshall a priority on any sur-
plus personnel they might have.®

61, CMH (cf. Marshall Diary, 26 Jun and 10 Jul 42,
MDR). On the Engineers organization in early 1942
see Blanche D. Coll, Jean E. Keith, and Herbert H.
Rosenthal, The Corps of Engineers: Troops and Equip-
ment, U.S. Armv in World War II (Washington, D.C.:
Government Printing Office, 1958), pp. 132-36.

6 Details on the engagement of Stone and Web-
ster as a major contractor for the atomic project are

Continued
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Engineer districts normally took
their names from the city where they
were located, but Colonecl Marshall’s
new district lacked a permanent head-
quarters. Some convenient designa-
tion was needed, however, that would
conceal the real nature of the project.
On 26 June, Generals Somervell,
Styer, and Revbold agreed on the
claborate cover name of Laboratory
for the Development of Substitute
Materials, or DSM. Within the next

discussed later on in this chapter. Interv, Stanley L.
Falk and Author with Charles Vanden Bulck (former
Syracuse District civihan emplovee before serving as
Chief, Admin Div, MD) and his assistant Capt W. R.
McCauley, 22 Jun 60, CMH; MDH, Bk. 1, Vol. I,
“General,” p. 3.13, DASA. See also Ltr, Marshall to
Robins, 16 Nov 42, Admin Files, Gen Corresp,
231.2, MDR, in which Marshall’s procurement prior-
itv was extended to supplies and equipment as well
as personnel, and the word surplus was dropped.

two weeks Marshall’s plans and orga-
nization for a new district were ap-
proved and he submitted to Colonel
Groves the draft of a general order
establishing a DSM District. To
Groves, the term DSM seemed likely
to arouse attention and cunosity. Ac-
cordingly, the two officers reached
agreement that the name Manhattan,
where Marshall had established his
temporary headquarters, would be a
better name. On 13 August, General
Reybold issued a general order (eftec-
tive on the sixteenth) officially estab-
lishing “‘a new cngineer district, with-
out territorial limits, to be known as
the Manhattan District, . . . with
headquarters at New York, N.Y., to
supervise projects assigned to it by
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the Chief of Engineers.” 7 The term
DSM continued in use as an official
code name for the entire project, but
the word Manhattan—symbolically
representing the Army’s contribution
in the development of the atomic
bomb—gradually superseded it.®

Meanwhile, Vannevar Bush carried
out the necessary changes in the
OSRD organization. Under the provi-
sions of the newly approved program,
the OSRD retained responsibility for
pilot plants for the centrifuge, diffu-
sion, and electromagnetic separation
processes, as well as for further re-
search and development on the latter
method, for the heavy water project,
and for additional miscellaneous re-
search. Acting upon a suggestion of
James B. Conant, based upon his
review of past operating procedures
of the uranium project, Bush abol-
ished the S-1 Section and its planning
board and, in their place, established
the S-1 Executive Committee. Mem-
bership of the new committee includ-
ed most of the individuals who had
previously served in the S-1 Section:
Conant, as chairman; Lyman ]J.
Briggs; Ernest O. Lawrence; Arthur
H. Compton; Harold C. Urey; and
Eger V. Murphree, with the addition
of Irvin Stewart, the OSRD executive
secretary. H. T. Wensel, formerly of
the planning board, became technical
aide. Only Dean George B. Pegram of
Columbia dropped out.

Bush charged the new S-1 Execu-
tive Committee with recommending
contracts and supervising contract op-
erations and enjoined its members to

WD, OCE, GO 33, 13 Aug 42. Whilc the legal
designation of the new district was Manhattan Dis-
trict, it was often referred (o as the Manhattan Engi-
ncer District.

8Smyth Report, p. 59.
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begin work immediately, in close co-
ordination with the Army Corps of
Engineers. Bush particularly cau-
tioned them on the importance of
maintaining the ‘‘greatest secrecy’” on
all phases of the project, and stated
that “we will continue . . . to adhere
to the principle that confidential in-
formation will be made available to an
individual only insofar as it i1s neces-
sary for his proper functioning in
connection  with  his  assigned
duties.” ?

An additional, though temporary,
responsibility of the S-1 Executive
Committee was overseeing experi-
mentation on the military applications
of atomic energy. As outlined in the
atomic energy program approved by
the President, the Joint Committee on
New Weapons and Equipment of the
Joint Chiefs of Staff had primary re-
sponsibility for this administrative
mission. Vannevar Bush also headed
this committee. Serving with him
were Brig. Gen. Ravmond G. Moses,
chief of the Supply Division (G-4) of
the Army General Staff, and Rear
Adm. Willis A. Lee, Jr., who held a
similar position as Assistant Chief of
Staff (Readiness), U.S. Fleet. With
these officers Bush raised the ques-
tion of establishing a subcommittee to
consider military uses of atomic
energv—formed, not hastily, but with
“great care.” Pending organization of
this new group, Bush directed the S-1
Executive Committee to continue its
work on military applications. '°

®Quoted words from Memo. Bush to Conant,
19 Jun 42, MDR. Sce also Stewart, Organizing Scien-
tific Research for War, p. 122; Smvth Report, p. 59.

Y Lir, Bush to Styer, 19 Jun 42, and Memo, Bush
to Conant, 19 Jun 42, MDR; Min, 6th Mtg of JNW,
16 Jun 42, 334, JCS: Ms, Vernon E. Davis, "Organi-

Continued



ESTABLISHING THE MANHATTAN DISTRICT

The relationship between the Man-
hattan District and the OSRD S-1
Committee during the summer of
1942 can best be described as a coop-
erative one. While each agency had its
assigned functions within the overall
atomic energy program, they coordi-
nated either formally or informally on
all major decisions. But they did not
act together as a joint directorate, for
each organization was free to proceed
as it wished to carry out decisions, or
other activities, strictly within its own
area of competence.

Periodic meetings of the S-1 Com-
mittee with Colonel Marshall and one
or more other officers of the Manhat-
tan District provided the formal link
between the two organizations. Rep-
resentatives of the principal engineer-
ing or industrial firms connected with
the project also attended frequently.
During this period, the S-1 Commit-
tee met at least once a month, usually
in executive session in the morning—
while Marshall was conferring with his
military superiors—and then opened
the meeting to the Manhattan repre-
sentatives. These joint meetings en-
couraged a free exchange of views,
provided scientific briefings for Mar-
shall and his colleagues, enabled the
scientists to seek Army assistance
where necessary, and generally en-
hanced coordination. !

zational Development: Development of the JCS
Committee Structure,” The History of the Joint
Chiefs of Staff in World War II, Vol. 2 (Washington,
D.C.: Historical Division, Joint Chiefs of Staff,
1972), pp. 308-12, NARS.

*In addition to material from the Marshall Diary,
MDR, detailed summaries of the $-1 Committee
meetings are included in the DSM Chronology,
OROO. The latter is a rough first-draft summary of
events relating to the Manhattan District, covering
most developments in some detail through April
1943 and for the single month of July 1944, leaving
a gap from May 1943 through June 1944. The chro-
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Army-OSRD links were further
strengthened by cooperation between
Manhattan officers and civilian scien-
tists working together on specific
projects. In the beginning these ties
were kept inconspicuous, especially to
conceal the Army’s interest. In their
visits to university or industrial lab-
oratories, Army officers usually wore
civilian clothing, and every effort was
made to hide the relationship be-
tween the Corps of Engineers and
OSRD-directed projects. This effort
was sometimes frustrated when a few
scientists, unaccustomed to working
under rigid security conditions, talked
more freely than they should have
about the Army’s interest in their
work. And despite Bush’s warnings,
even the S-1 Committee was careless
on occasion. In mid-August, for ex-
ample, Colonel Marshall had to point
out that highly classified material
should not be sent to him through
the regular mail. In general, however,
the good relationship between the
Manhattan District and the S-1 Com-
mittee helped to keep such occur-
rences to a minimum.

Details of the Army-OSRD meet-
ings reached the Top Policy Group
through twin channels: scientific and
military. Conant reported to Bush
and Colonel Marshall to his superiors
in General Reybold’s office, or some-
times directly to General Styer. The
latter then passed on information
about the atomic project to Generals
Somervell and Marshall. Secretary of
War Henry L. Stimson appéars to

nology, apparently prepared in late 1944 by Maj.
Harry S. Traynor, a Manhattan staff officer, is based
not only on sources cited in this volume but also on
certain other materials not available to the present
author.
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have received only limited data on de-
velopments during the summer of
1942; Vannevar Bush submitted only
one formal report to Harvey Bundy,
the Secretary’s special assistant for
scientific affairs. To what extent Vice
President Henry A. Wallace received
information on atomic developments
is unclear; the Top Policy Group did
not meet during this period and there
1s no other indication that reports
were sent to Wallace. Even the Presi-
dent’s information and activities were
evidently limited to the question of
nuclear collaboration with Great Brit-
ain, and he seems to have discussed
that only with Bush. In effect, then,
the S-1 Executive Committee and
Manhattan District were {ree to act on
any mutually approved decision.
Their scientific or military superiors
could always exercise the right of
veto, but in the summer of 1942 they
apparently did not do so. Only later,
when major changes were to be made
in the atomic energy program, would
they once more actively enter the
picture.'?

Army-OSRD Planning Meeting,
25 June 1942

On the occasion of the first meet-
ing of the S-1 Executive Committee,
convened at the Carnegie Institution
in  Washington, D.C., on 25 June
1942, General Styer, Colonels Mar-
shall and Nichols, Vannevar Bush,
and the regular members of the com-
mittee reached several important de-
cisions regarding site selection, con-

2Smyth Report, pp. 58-60; Stimson Diary for
summer of 1942, HLS; Memo, Bush to Bundy, 29
Aug 42, HB Files, Fldr 58, MDR; 1st Ind, Styer to
Chiel of Mil Hist, 15 Aug 61, to Ltr, Chief of Mil
Hist 10 Styer, 17 Jul 61, CMH.
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tracting with engineering firms, and
obtaining government priorities for
needed materials and equipment.?

War Department policy normally
required location of new munitions
plants out of range of enemy carrier-
based planes, in a great inland zone
between the Appalachian and Rocky
Mountains and approximately 200
miles from the nation’s borders with
Canada and Mexico.'* General Styer
stated that the main atomic energy in-
stallations should be placed within
this zone and that, to ensure secrecy,
all manufacturing plants should be
built at a single site. The group gen-
erally agreed with Styer on plant con-
centration, which would enable rapid
and economical construction and fa-
cilitate control over the work. To sup-
port the extensive facilities, a continu-
ous supply of approximately 150,000
kilowatts of electricity would be
needed by the end of 1943 and hun-
dreds of thousands of gallons of
water per minute. There would have
to be a climate suitable for construc-
tion in winter, a ready supply of
labor, an accessibility to transporta-
tion, a relative immunity from enemy
attack, and a terrain cut up by ridges
that would limit the effects of any ac-
cidental explosion.

Some steps for finding a satisfac-
tory site already had been taken. An
OSRD-directed study group in early
April had picked out an area near
Knoxville, close to the region under
mtensive development by the Tennes-

13 Subsection based primarily on Marshall Diary,
25 Jun 42, MDR, and DSM Chronology, 25 jun 42,
Sec. 2(e), OROO.

14 | .enore Fine and Jesse A. Remington, The Corps
of Engineers: Construction in the United States, 1).S. Army
in World War II (Washington, D.C.: Government
Printing Office, 1972), pp. 134-35.
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see Valley Authority, as suitable for
the full-scale centrifuge and diffusion
separation plants. (See Map 1) About
the same time, members ol Arthur
Compton’s team at the Metallurgical
Laboratory in Chicago had been seek-
ing a site for the full-scale plutonium
production plant. They seriously
weighed the possibilities of two loca-
tions near Chicago, but finally con-
cluded that the Tennessee Valley was
also the best area for their purposes.
In mid-June, Bush expressed his liking
for the Tennessee site to General
Styer, and Colonel Marshall, in one of
his first moves as district engineer,
also discussed its merits with Colonel
Groves. Groves made a quick survey of
the electric power situation and indi-
cated his approval of the Knoxville
area. Thus, Army representatives rec-
ommended the Tennessee Valley loca-
tion for all the large-scale production
plants.®

All scientific leaders at the 25 June
planning meeting accepted this rec-
ommendation save Lawrence, who
maintained that the electromagnetic
separation plant ought to be located
closer to his research operations in
California. Bowing to his objections,
the conferees agreed to postpone a
decision on location of the electro-
magnetic  plant, pending further
progress in basic resecarch on this
process. Even though research for the
centrifuge and diffusion methods was
sull at a stage where firm planning
for production installations was im-
practical, the group decided that the

15>MDH, Bk. 1, Vol. 12, “Clinton Engineer
Works,” pp. 2.1-2.6 and Apps. A140-A142, DASA;
Compton, Atomic Quest, pp. 154-55; Lur, Bush to
Styer, 15 Jun 42, Admin Files, Gen Corresp, 600.5,
MDR; Marshall Diary, 19 Jun 42, MDR; Groves, Now
It Can Be Told, pp. 13-14.
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plants for these processes as well as
for the plutonium process would be
located on a 200-square-mile site in
the Tennessee Valley. The Army, the
planning group agreed, should begin
steps at once to select and acquire
this site.

The planners also considered sites
for two other operations. The first
was a pilot plutonium plant required
by the Metallurgical Laboratory. This
plant needed to be within commuting
distance of the laboratory; but, for
reasons of safety and security, it could
not be built in heavily populated Chi-
cago. Consequently, Compton and his
colleagues selected an isolated area
known as the Argonne Forest, a part
of the Cook County Forest Preserve
about 20 miles southwest of the city.
This selection was tentatively ap-
proved on 25 June and the next day
Compton and Colonel Nichols
reached final agreement on the gen-
eral plan for the Argonne site.1®

In 1941, the OSRD had sponsored
laboratory tests at Princeton Univer-
sity, under the direction of British
chemist Hugh S. Taylor, to develop a
technique for large-scale production
of heavy water by a hydrogen-water
exchange process. Taylor had found
that this process operated most effi-
ciently when using the electrolytic
method to produce hydrogen. The
Consolidated Mining and Smelting
Company, a Canadian firm, operated
an ammonia plant at Trail on the Co-
lumbia River, situated a few miles

16 Ms, Arthur Compton, “‘Mr. Fermi, the Argonne
Laboratory and the University of Chicago,” 28 Jul
44, p. 1, Admin Files, Gen Corresp, 080 (Argonnc-
Univ of Chicago), MDR; Marshall Diary, 26 Jul 42,
MDR; Compton, Atomic Quest, pp. 110-11; MDH,
Bk. I, Vol. 12, p. 2.5, DASA.
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north of the Canadian-U.S. border,
that was the largest producer of hy-
drogen by the electrolytic method in
North America. In an effort to tap
this resource for heavy water, Taylor
met with company officials to discuss
the possibility of Consolidated Mining
allowing its plant to be altered so that
heavy water could be extracted from
the hydrogen supply without using up
any appreciable quantities of the hy-
drogen. The reaction was favorable.
The OSRD therefore made the final
arrangements and, in May of 1942,
engaged the Boston construction firm
of E. B. Badger and Sons to proceed
with the engineering and design work
on plant alterations. During the 25
June meeting, Army-OSRD represent-
atives approved the plan for Trail
and, on the twenty-sixth, shifted re-
sponsibility for construction to the
Army but left the financing and direc-
tion of research with the OSRD.17

A few days before the meeting,
Colonel Marshall had talked with
Groves about his urgent need for
competent engineering advice in or-
ganizing the atomic project and
Groves had recommended Stone and
Webster. The well-known Boston firm
already was involved in an OSRD
project on the diffusion method and
was currently maintaining a good
record on several contracts for the
Corps of Engineers. Marshall pro-
posed to the Army-OSRD group that
it engage Stone and Webster as archi-
tect-engineer-manager for the atomic

17 Hewlett and Anderson, New World, pp. 66-67,
MDH, Bk. 3, “The P-9 Project,” Secs. 1-2, passim,
DASA; Marshall Diary, 26 Jun 42, MDR; DSM Chro-
nology, 25 Jun 42, Sec. 2(e), OROO.
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project, to monitor site development
and major construction.18

The Army-OSRD conferees ap-
proved Marshall’'s proposal and
agreed that Stone and Webster would
be primarily concerned with site de-
velopment and housing construction
in Tennessee and with engineering
and building the centrifuge and elec-
tromagnetic plants. In addition, the
firm would build the Argonne pilot
plant and, eventually, the full-scale
plutonium production plant. The
group also decided to engage the
M. W. Kellogg Company of New
Jersey. This firm had extensive expe-
rience in the design and construction
of petroleum refineries and chemical
installations and was already assisting
the scientific team at Columbia on
diffusion research under an OSRD
contract. Kellogg would take respon-
sibility for the diffusion plant and
Badger and Sons would continue on
the job at Trail.1®

The Army-OSRD group decided
that a substantial number of OSRD
research contracts already in oper-
ation should be extended at the dis-
cretion of the S-1 Executive Commit-
tee. To continue these contracts
beyond the end of the fiscal year—
less than a week away—the atomic
program urgently needed $15 million.
Marshall promised to obtain the
money immediately from engineer
funds. This sum represented slightly
less than half of the $31 million in-
cluded for the OSRD in the program

18 Groves, Now It Can Be Told, pp. 12-13; Marshall
Diary, 25, 27, and 29 junc 42, MDR.

19 DSM Chronology, 25 Jun 42, Sec. 2(a), OROO;
Stephane Grouefl, Manhatian Project: The Untold Story
of the Making of the Atomuc Bomb (Boston: Little,
Brown and Co., 1967), pp. 22-23.
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approved by President Roosevelt on
17 June. Yet it sufficed, for the Army
gradually took over most OSRD func-
tions in the field of atomic energy
and the $15 million proved to be
more than enough to finance all fur-
ther OSRD expenditures for the
atomic program.2°

The final subject at the Army-
OSRD meeting was the urgent need
to obtain government priorities sufh-
ciently high to ensure a ready supply
of critical materials and equipment.
Some required items were in ex-
tremely short supply and the OSRD
was having little success obtaining
them. What was needed, OSRD rep-
resentatives told Colonel Marshall,
was some means of coordinating their
requirements and gaining the neces-
sary priorities to satisfy them. They
requested that the Army designate a
priorities officer to meet with them
and to establish an office in Washing-
- ton, D.C. Marshall agreed and indi-
cated that, as a first step, he would
eliminate obvious competition by co-
ordinating Army and OSRD procure-
ment on the atomic project.

The decisions of the Army and
OSRD representatives had served to
inaugurate officially a new phase in
the atomic energy program, a period
of Army-OSRD cooperation that
would last unul late spring of 1943.

Progress in Research and Development

For Colonel Marshall and his Man-
hattan District associates, the summer
of 1942 was a period of organization
and planning to lay groundwork
for developing an unprecedented

20 Marshall Diary, 29-30 Jun 42, MDR; Stewart,
Organizing Scientific Research for War, p. 123.
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weapon. The scope of the problem
was broad. To the normal administra-
tive headaches of setting up a very
large construction and manufacturing
project were added the problems of
expediting and coordinating research,
experimentation, industrial applica-
tion, and design of a weapon based
on materials that in all probability
would not be available for testing
until the weapon itself had been built.
Of all the problems to be dealt with—
the execution of engineering, con-
struction, and operating contracts; the
selection and acquisition of sites; the
obtaining of large sums of money and
of adequate priorities; the procure-
ment of materials; the maintenance of
security—the first and most basic to
the success of the whole project was
that of continued progress in scien-
tific development. On this rested the
outcome of the entire atomic enter-
prise. And, in mid-1942, Marshall
found that nearly all problems he
faced were connected in one way or
another with the vital task of research
and experimentation.

The program adopted on 17 June
‘called for backing all five methods of
producing fissionable materials—until
one or more proved most certain of
success. Thus, each process was sub-
ject to intensive research efforts that
summer. Objectives for the centrifuge
process were a pilot plant and, by
January 1944, a full-scale plant pro-
ducing 100 grams of U-235-enriched
uranium per day. A low-yield pilot
plant and a l-kilogram-per-day pro-
duction plant were planned for the
diffusion process and a bH-gram-per-
day pilot plant and, by late 1943, a
100-gram-per-day production plant
for the electromagnetic process. The
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plutonium project needed a 100-
gram-per-day production plant, as
well as heavy water plants producing
0.5 tons per month by May 1943 21!
The diffusion and centrifuge meth-
ods, which had seemed most promis-
ing the previous autumn, now ap-
peared less certain than the others.
And of the pile and electromagnetic
processes, the latter appeared to offer
the best immediate hope.

Although the feasibility of the gase-
ous diffusion method had been dem-
onstrated, two major problems stood
in the way of achieving large-scale
separation of uranium isotopes. First
was development of a matenal that
would be sufficiently porous to permit
passage of wuranium hexafluoride
through thousands of stages, as well
as be resistant to the exceptional cor-
rosiveness of this gas and suitable for
fabrication by mass production meth-
ods. The second was to design and
manufacture corrosion-resistant me-

chanical equipment—a variety of
pumps, valves, seals, and instru-
ments—to move the gas through

miles of pipe, maintaining required
vacuum conditions, temperatures, and
pressures.

These problems were being studied
mainly at Columbia University under
John Dunning and Harold Urey, but
also by the M. W. Kellogg Company,
whose chief concern was major pro-
duction of diffusion equipment and,
eventually, construction of a full-scale
plant. At a meeting of the OSRD S-1
Executive Committee on 30 July
1942, Urey reported his hope that the
diffusion method would be producing
enough enriched uranium by the fall

21 Ltr, Bush to President, 17 Jun 42, and Incl, HB
Files, Fldr 6, MDR.

of 1944 to begin using that material
In an atomic weapon.22

Work on the centrifuge process was
going equally slow. Under the general
direction of Eger Murphree, theoreti-
cal and experimental research contin-
ued at Columbia University and the
University of Virginia, respectively;
design and development at the Wes-
tinghouse Research Laboratories, a
subsidiary of the Westinghouse Elec-
tric and Manufacturing Company; and
engineering studies at the Standard
Oil Development Company. Feasibili-
ty of the method had long been dem-
onstrated, but major technical and
mechanical  difficulties  prevented
rapid progress. Nevertheless, a pilot
plant had been designed at Standard
Oil and actual production of parts
and models for the pilot plant was
under way at Westinghouse. Like the
diffusion process, the centrifuge proc-
ess would require many hundreds of
stages to achieve large-scale separa-
tion. Also by Murphree’s estimate, the
centrifuge method could not produce
a sufficient amount of enriched urani-
um for use in atomic weapons before
autumn of 1944.23

Of all the programs in progress
that summer, perhaps the most exten-
sive was the pile process for manufac-
turing plutonium under the leader-
ship of Arthur Compton at the
University of Chicago. The objectives
of the Chicago program were to
prove experimentally that a chain re-

22 Smyth Report, pp. 125-35; MDH, Bk. 2, Vol. 3,

“Design,” pp. 2.1-2.2, DASA; DSM Chronology,
30 Jul 42, Sec. 2(e), OROO; Compton, Altomic Quest,
p. 152.

23 MDH, Bk. 1, Vol. 4, “Auxiliary Activities,” pp.
14.1-14.24, DASA; DSM Chronology, 30 Jul and
26 Aug 42, each Sec. 2(e), OROQ; Marshall Diary,
24-26 and 28 Aug 42, MDR.
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action was actually possible, then to
devise a means to produce plutonium
on a large scale and extract it chemi-
cally from uranium, to work out the
necessary data for bringing about an
explosive chain reaction with either
plutonium or U-235, and, finally, to
design the atomic bomb itself. Investi-
gations into all of these problems
were being conducted simultaneously
by large research staffs at the Univer-
sity of Chicago and other institu-
tions.?* One particularly important
group at the University of California
(Berkeley) had been organized in
June by J. Robert Oppenheimer, then
widely regarded as ‘“‘the leader of the-
oretical aspects of atomistics and
similar subjects of physics.”” 2 Under
Oppenheimer’s direction a number of
the nation’s ablest theoretical physi-
cists undertook a study that, in Op-
penheimer’s words, “for the first time
really came to grips with the physical
problems of atomic bombs, atomic
explosions to initiate thermonuclear
reactions.” By the latter he meant the
possibility of a hydrogen bomb, a
matter that he raised with Compton
and Bush that summer and that was
to lie heavy on his mind for many
years to come.?8

The University of Chicago’s Metal-
lurgical Laboratory staff also devoted
most of its energies to theoretical

24 Account of work carried out at Chicago based
on Compton’s book Atomic Quest, pp. 80-98; Smyth
Report, pp. 63-74; Testimony of Oppenheimer in
Atomic Energy Commission, fn the Maiter of J. Robert
Oppenheimer: Transeripi of Hearing Before Personnel Secu-
rity Board (Washington, D.C.: Government Printing
Office, 1954), pp. 11-12 and 27-28.

% Testimony of Bush in Oppenheimer Hearing, p.
563.

%6 Quotation from Ltr, Oppenheimer to Nichols,
4 Mar 54, Oppenheimer Hearing, p. 11. See also
Memo, Bush to Bundy, 29 Aug 42, HB Files, Fldr
58, MDR.
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studies. Lack of basic materials—ura-
nium, plutonium, highly purified
graphite, and heavy water—made any
extensive experimentation program
impossible. Nevertheless, at the
30 July meeting of the S-1 Commit-
tee, Compton estimated that plutoni-
um would be ready for use in an
atomic weapon by fall of 1944.%27 The
process that appeared to offer the
best hope for producing fissionable
materials was the electromagnetic
method under study at Princeton and
at the University of California (Berke-
ley), where Lawrence’s work with the
giant 184-inch magnet attracted the
most attention. As with other ap-
proaches, this method had been faced
with major technical difficulties, but
as the months passed Lawrence en-
thusiastically reported success in
meeting and overcoming these prob-
lems. Most important, he had actual-
ly achieved the separation of small
amounts of U-235, even though only
in milligram quantities.?®

A visit in late July to Berkeley by
Colonel Marshall and Stone and
Webster representatives convinced
them that, in Marshall’s words, “Law-
rence’s method is ahead of the
other[s] . . . and should be exploited
to the fullest without delay.” The
colonel was anxious that work on “a
sizeable pilot plant,” as well as a full-
scale production plant, begin as soon
as possible.?® The S-1 Committee ap-

¥ Smyth Repors, p. 67; DSM Chronology, 30 Jul
42, Sec. 2(e) OROO.

2 Discussion of electromagnetic process based on
Marshall Diary, 9, 20, 30-31 Jul and 5, 17-19, 22
Aug 42, MDR; Smyth Repert, pp. 13641 and 143-
45; DSM Chronology, 9 and 30 Jul 42, each Sec.
2(e), OROO.

20 Marshall Diary, 20 Jul 42, MDR.
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proved Colonel Marshall’s recommen-
dation on 30 July and decided that
the Army, rather than the OSRD,
would be responsible for building the
pilot plant on land rented from the
University of California. Lawrence es-
timated that material from the elec-
tromagnetic process would be ready
to go into an atomic weapon by the
spring of 1944.

In mid-August, Colonel Nichols vis-
ited Berkeley and gave his tentative
approval to plans for the pilot plant.
With him was Maj. Thomas T. Cren-
shaw, whose job it was to set up the
new California Area Engineers Oftice
of the Manhattan District, to support
and assist Lawrence, and to represent
Colonel Marshall during construction
and operation of the pilot plant. Nich-
ols felt that Lawrence was ‘“‘making
great progress and that the whole
project should be pushed into full-
scale production as fast as possible,”
an opmion with which Lawrence
agreed wholeheartedly. Indeed, be-
cause Lawrence’s only question con-
cerned the actual efficiency of the
separation units, he felt that construc-
tion of the full-scale production plant
should be started concurrently with
that of the pilot installation.?°

At the 26 August meeting of the
S-1 Committee, both August C.
Klein, Stone and Webster’s chief me-
chanical engineer, and Colonel Mar-
shall supported Lawrence’s proposal,
and there was general agreement,
based upon Lawrence’s optimistic
report, that the electromagnetic
method would probably be first to

% Quotation from Marshall Diary, 17-18 Aug 42,
MDR. See also Memo, Crenshaw to Dist Engr, sub:
Weekly Progress Rpt, 22 Aug 42, Admin Files, Gen
Corresp, 001 (Mtgs), MDR.

yield material in substantial amounts.
The plutonium process, though pro-
gressing  satisfactorily, was  still
months away from even the pilot
plant stage and the other methods
lagged even further behind. Had a
decision been made at this time to
back a single horse in the nuclear
race and to scratch the others, Law-
rence very likely would have been the
one rider left on the course.

Yet no one was certain that the
electromagnetic method would prove
to be the best process in the long
run. In fact, the group conjectured
that the ulumate full-scale plant
would probably have several times the
capacity of the contemplated electro-
magnetic production plant and was
likely to be comprised of a combina-
tion of methods, with one process
producing enriched uranium and the
electromagnetic method providing the
final stage of separation. They
thought a decision to proceed with an
electromagnetic production plant was
unrealistic and might be interpreted
as a final decision in favor of the elec-
tromagnetic process, causing the de-
velopment of the other methods to be
slowed down—or even eliminated.

At last the conferees at the 26 Au-
gust meeting agreed to continue work
as rapidly as possible on the four
pilot plants and on the production of
heavy water at Trail. A start on a full-
scale plutonium production plant
would be delayed, pending the out-
come of experiments at the Argonne
pilot plant. Design and construction
of an electromagnetic production
plant would be postponed untl mid-
September, when the S-1 Committee
was to visit the Berkeley project and
make further recommendations. Van-
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nevar Bush approved these conclu-
sions and passed them on to Secreta-
ry Sumson with the warning that the
time would soon be at hand for a
major décision on the extent of the
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effort the United States should make
on the atomic energy program.*!

%1 Marshall Diary, 26 Aug 42, MDR; DSM Chro-
nology, 26 Aug 42, Sec. 2(e), OROO; Memo, Bush
to Bundy, 29 Aug 42, HB Files, Fldr 58, MDR.



CHAPTER III

First Steps for Weapon
Development

In those incredibly busy two
months following the planning meet-
ing of 25 June 1942, the military lead-
ers—working closely with project sci-
entists and technicians—energetically
set about not only to organize the
operational requirements for the
Army’s administration of the project
but also to carry out the specific steps
for development of an atomic
weapon. On the twenty-sixth Maj.
Gen. Eugene Reybold, chief of the
Corps of Engineers, held a briefing
with Brig. Gen. Thomas M. Robins,
the assistant chief; Col. Leslie R.
Groves, the deputy assistant; Col.
James C. Marshall, the new district
engineer; and Lt. Col. Kenneth D.
Nichols, the deputy district engineer.
During the session Reybold reviewed
some of the immediate problems of
the atomic project, placing special
emphasis on two that required
prompt action: selection and acquisi-
tion of a site for atomic production
facilities in the Tennessee Valley, and
securing a contract with the Stone
and Webster Engineering Corpora-
tion to serve as architect-engineer-
manager (AEM).

Securing an Architect-Engineer-Manager

Consistent with Army policy that
the industrial operator of a proposed
installation should have a strong voice
in selection of the specific site, the
district engineer gave his first atten-
tion to securing a working agreement
with Stone and Webster, which was
slated to have the chief responsibility
for the Tennessee plants.! Following
Colonel Marshall’s orders, Colonel
Nichols went to New York on Satur-
day, 27 June, to visit Stone and Web-
ster President John R. Lotz. Nichols
outlined the role projected for the
firm and Lotz responded enthusiasti-
cally. The following Monday, Lotz
and other company officials met with
Robins, Groves, Marshall, and Nichols
in Washington, D.C. Lotz assured
them the AEM job would not serious-
ly interfere with the firm’s work on
other important Corps of Engineers
contracts and that the firm could
meet the strict security requirements
of the atomic project. The group then
drew up a letter of intent, which Lotz

! Marshall Diary, 26 Jun 42, OCG Files, Gen Cor-
resp, Groves Files, Misc Recs Sec, behind Fldr 5,
MDR; Fine and Remington, Corps of Engineers: Con-
struction, p. 135.
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and Marshall signed, authorizing
Stone and Webster to begin work im-
mediately on preliminary investiga-
tions and surveys, procurement of
supplies, and initiation of design. The
following afternoon, Vannevar Bush,
director of the Office of Scientific Re-
search and Development (OSRD),
gave the Stone and Webster repre-
sentatives a thorough explanation of
the technical processes involved in
the atomic project. This completed
the preliminary discussions.

Stone and Webster now became the
Army’s agent for managing the
atomic energy project, charged with
overseeing and subcontracting all re-
search and development, procure-
ment, engineering, and construction
that fell within the Army’s sphere of
responsibility. Company officials es-
tablished a separate engineering
group to operate with the utmost se-
crecy under the direct control of the
firm’s senior engineers. Project lead-
ers had hoped that a single company
could perform all AEM tasks; howev-
er, by the time Stone and Webster
signed the formal contract (backdated
to 29 June) several months later, the
Army had to seek the assistance of
other major firms to share with Stone
and Webster the vast and complex
job.2

Obtaining Funds

The Stone and Webster agreement
required immediate funds. The ap-
proved program had allotted $85 mil-

2 Marshall Diary, 27, 29-30 Jun and 1 Jul-23 Oct
42, MDR; Completion Rpt, Stone and Webster, sub:
Clinton Engr Works, Contract W-7401-eng-13,
1946, pp. 6 and 143, OROOQ; Stone and Webster, A4
Report to the People: Stone and Webster Engineering Corpo-
ration in World War Il ([Boston]: Stone and Webster,
1946), pp. 9-13; Smyth Repori, p. 28.
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lion—$54 million for the Army Corps
of Engineers and $31 million for the
OSRD—but had not indicated the
source of this money.? An effort in
early June to obtain this sum from the
President’s Emergency Fund was un-
successful. Marshall’s pressing finan-
cial obligations totaled $38 million:
$10 million to cover the letter of
intent issued to Stone and Webster,
$15 million to repay the sum ad-
vanced to the OSRD, $6 million for
site acquisition, $2 million for the
projected Argonne pilot plant, and $5
million for the purchase of materials.
He also required “practically unlimit-
ed authority,” as he put it, to spend
it.4

By 16 July, Marshall was able to ar-
range for an allotment from the
Office of the Chief of Engineers, spe-
cifically from the Engineer Service-
Army category of available funds. The
$15 million for the OSRD had already
been provided, $5 million was fur-
nished 1immediately, and the remain-
der became available a few weeks
later at the time of the formal alloca-
tion of the total sum. Marshall also
received assurances from the War De-
partment’s budget officer that all re-
strictions on the use of these funds
that could legally be removed had
been set aside. These included regu-
lations on establishing title to proper-
ty, the placing of government con-
tracts, employment in the United
States and abroad, rentals and im-

3 Ltr, Bush to President, 17 Jun 42, and Incl, HB
Files, Fldr 6, MDR.

% Marshall Diary, 10 Jul 42, MDR. Section on
funds based on entries in ibid. for 29-30 Jun, 9-11
and 16 Jul 42; Memo, Marshall to Groves, sub: Al-
lotment of Additional Funds to MD, 29 Sep 42,
Admin Files, Gen Corresp, 110 (Appropriations),
MDR; Groves, Now It Can Be Told, pp. 15-16.



FIRST STEPS FOR WEAPON DEVELOPMENT

provements of property, and several
other controls. Colonel Marshall ap-
peared to be well on the way to at-
taining the fiscal means and inde-
pendence that the atomic project
required.

Securing a Prionily Rating

Even as fiscal problems eased, the
atomic project encountered serious
difficulties on the matter of priorities.
In the summer of 1942, competition
for critical materials was strong and
unremitting as America prepared to
halt the worldwide Axis offensive.
With these conditions prevailing,
Colonel Marshall soon realized that
access to the scarce supplies and
equipment needed for atomic re-
search, construction, and production
might be blocked unless he could
secure a high-priority rating for the
project.

In the wartime economy, the estab-
lishment of priorities for military and
civilian demands was the responsibil-
ity of the War Production Board
(WPB), succinctly characterized by
one World War II historian as “‘the
supreme industrial mobihization con-
trol agency.” ® The Army and Navy
Munitions Board (ANMB) adminis-
tered the priority system for military
and - related agencies, theoretically
subject to WPB approval, but in 1942
the War Department’s Services of
Supply (SOS) gradually began to take
over the ANMB’s responsibilities re-

5 R. Elberton Smith, The Army and Economic Mobili-
zation, U.S. Army in World War II (Washington,
D.C.: Government Printing Office, 1959), p. 517.
Discussion of DSM priority problems based primari-
ly on Marshall Diary, 25 Jun-16 Sep 42, MDR; DSM
Chronology, Jun-Sep 42, Sec. 18, OROO; Memo,
Bush to Bundy, 29 Aug 42, HB Files, Fldr 58, MDR;
Groves, Now It Can Be Told, pp. 16 and 22-23.
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lating to the Army. The SOS, particu-
larly through its staff divisions for re-
quirements and resources that formed
the ANMB’s Army Section, controlled
and coordinated all War Department
procurement activities. SOS officers,
moreover, served on WPB commit-
tees. For example, Brig. Gen. Lucius
D. Clay, the SOS deputy chief of staff
for requirements and resources, had
an important voice in the establish-
ment of policy and would play a key
role in the matter of assigning prior-
ities to the atomic project.

Major programs received ratings of
AA-1 through AA-4, in decreasing
order of precedence, whereas lesser
projects received ratings in a more
extensive category, the highest desig-
nation of which was A-1-a. A special
top rating of AAA, reserved for emer-
gencies, could not be assigned to an
entire program but was limited to
expediting delivery of small quanti-
ties of critical items. Although the
program approved by President
Roosevelt did not mention a specific
priority designation for the new
project, it did imply that the program
should be given a relatively high
rating, which was to be balanced
against the needs of other critical
projects.® When Colonels Marshall
and Nichols met with General Clay on
30 June, they requested only an AA
rating—without, apparently, asking
for a specific classification within that
category. Marshall assured Clay that
the project “would issue such lower
ratings as were possible whenever we
did not need the A.” 7 General Clay,

8 Ltr, Bush to President, 17 Jun 42, and Indl,
MDR.
7 Marshall Diary, 30 Jun 42, MDR.
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who had known Marshall since their
days as West Point classmates, told
Marshall and Nichols that all DSM re-
quests would be given prompt atten-
tion and the highest preference in

processing, and that he personally

would take immediate steps to obtain
an AA rating for the project and
would be available at any time for any
specific request.

Despite Clay’s assurances, nearly
two weeks passed with no priority
rating forthcoming. Finally, on 13
July, following some persistent prod-
ding by Colonel Nichols, the ANMB
approved a rating of AA-3 for the
atomic project.® This rating, with
which Clay concurred, came as a
grave disappointment. It was based,
however, on an ANMB directive that
limited AA-1 and AA-2 ratings to the
most essential and urgently needed
weapons and equipment—airplanes,
ships, guns, and tanks scheduled for
production in 1942. Even AA-3 rat-
ings were reserved for those items of
military equipment and construction
that constituted an essential part of
the 1942 program or were required in
1942 for the 1943 program. Under
the circumstances, a rating of AA-3
was the highest the atomic project
could have received. Indeed, given
the as yet unproved nature of the
project, the cautious estimates of how
long it might take to produce atomic
weapons, and the absence of a specif-
ic presidential directive assigning it a
high priority, the wonder is that the

8 Written confirmation came ten days later. lst
Ind, Col Joseph L. Phillips (Priorities Br chief, Re-
sources Div, SOS) to Chief of Engrs, 23 Jul 42, to
Lir, Nichols to Priorities Div, ANMB, Attn: Col Phil-
lips, sub: Preference Rating {for] DSM Proj, 23 Jul
42, in MDH, Bk. 1, Vol. 9, “Priorities Program,”
App. A3, DASA.
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atomic program fared as well as it
did. Because the ANMB was limiting
AA-1 and AA-2 ratings, Clay told the
protesting Nichols that an AA-3
should be adequate for the atomic
project. If difficulties did arise, he
promised the project could obtain an
AAA priority to pry loose certain
critical items. With this assurance,
the atomic project leaders had to be
satisfied.

The anticipated problems were not
long in appearing. Badger and Sons
soon reported that the heavy water
reconversion work on the Trail plant
was coming into competition with its
commitments in the synthetic rubber
program. Both projects had an AA-3
rating, with the rubber program
having first choice on materials and
skilled workmen because of its earlier
start. By mid-August 1942, Badger of-
ficials estimated the Trail plant would
probably not go into operation until
August 1943, although an AA-1
rating might better this date by at
least two or three months. This, how-
ever, would cause a delay in the
rubber program and, as S-1 Commit-
tee Chairman James B. Conant point-
ed out to Colonel Nichols, it would
be bad politics to push for a higher
priority at Trail at the expense of
such a critical project as synthetic
rubber. As a matter of fact, General
Clay had already indicated his opposi-
tion to such a move. Thus, for the
moment, the best policy seemed to be
to go ahead at Trail under the AA-3
rating.

Procurement was generally an S-1
Executive Committee responsibility,
and only when the OSRD was unable
to secure the necessary priorities did
it turn to the Army for help. During
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July, difficulties in obtaining small but
essential quantities of scarce materials
held back progress on important ex-
perimental work. Two much-needed
nickel shipments totaling less than 85
pounds, for example, were threatened
with a delay of several months and
were only cleared for delivery after
two weeks of effort by OSRD mem-
bers, General Clay, and Maj. Gen.
Wilhelm D. Styer, the SOS chief of
staff.®

On 30 July, the S-1 Committee
raised this problem with Colonels
Marshall and Nichols, and the group
decided to urge OSRD Director Van-
nevar Bush to ask WPB Chairman
Donald Nelson for a blanket AA-I
priority for all atomic project orders
below a value of $1,500 or $2,000, to
eliminate bottlenecks without interfer-
ing unduly with other wartime pro-
grams. The next day Marshall, accom-
panied by Nichols, went again to see
General Clay, making one last at-
tempt to secure the desired rating
before going over his head. Clay re-
peated that the atomic project was en-
titled to no higher rating than AA-3,
except In very few specific instances,
and said he would oppose any effort
to secure a blanket AA-1 rating. That
afternoon, Marshall, Nichols, Conant,
and others met with Bush, emerging
with an agreement that the OSRD di-
rector would confer with the WPB
chairman. Receptive to Bush’s pro-
posal, Nelson promised to discuss the
matter further with Army Chief of
Staff General George C. Marshall, but
whether or not he actually did is un-
clear. In the end, the matter was re-

? Correspondence relating to this incident, begin-
ning with Ltr, Styer to Dr. H. T. Wensel (Natl Bur
of Standards), 26 Jun 42, filed in AG 313.3 (22 Aug
47).
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ferred back to the ANMB, which still
refused to grant a higher rating but
worked out a procedure that eliminat-
ed the bottleneck on small orders.

Meanwhile, the priorities situation
worsened. Securing materials became
progressively more difficult. Steel, for
example, would soon be virtually un-
obtainable with less than an AA-2
rating. Without access to this basic
material, the atomic project would
come to a standstill. Marshall was al-
ready receiving reports of delays in
plant construction and, in mid-
August, the ANMB questioned con-
tinued assignment of even an AA-3
priority to the Trail project. Prompt
action by General Clay ended that
threat, however.

On 26 August, Marshall, Nichols,
and Stone and Webster representa-
tives met with the S-1 Executive
Committee, and again priorities were
a major topic. Most small orders were
now being handled without undue
delay, but there was serious general
concern about the large-scale pro-
curement soon to be required for the
production plants. A limited number
of firms had the organization and ex-
perience needed to build and operate
the major facilities, and they were all
heavily engaged on other AA-3 pro-
grams for which orders had been
placed before atomic project orders.
The only way to push ahead of other
programs was to get a higher priority.
With an AA-1 priority, the electro-
magnetic separation pilot plant would
probably be ready by April instead of
August 1943 and earlier completion
dates for other plants would also be
assured. The effect of achieving this
end, however, would be that of delay-
ing the progress of other vital
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projects. Clearly a decision was
needed, perhaps from the President
himself, on the relative importance of
the atomic project and other war pro-
grams. Either atomic energy should
be pushed with a higher priority, or it
should remain an experimental
project for postwar application, with a
lower priority.

As a result of these conclusions, on
29 August Colonel Nichols again
called on General Clay. With concur-
rence from General Styer, Nichols
now outlined the status of the atomic
energy program and presented the
unanimous opinion of its Army and
OSRD leaders that a higher priority
was necessary. If Clay would indicate
exactly what procedure must be taken
to secure an AA-1 priority from the
ANMB and WPB, Bush would obtain
a letter signed by the President and
addressed to whomever Clay thought
necessary. Clay suggested that a letter
go from the Joint Chiefs of Staff to
the ANMB and that it simply state
that the atomic project should be
granted a higher priority. But he him-
self opposed this course. He did not
believe that the presidential approval
of 17 June ever implied the granting
of an overall AA-1 rating and he was
convinced that the project was less
important than “‘tanks and other mu-
nitions of war.”” Clay would support
the AA-3 priority, but nothing higher.
In Nichols’s presence, he telephoned
Brig. Gen. Theron D. Weaver—direc-
tor of the SOS Resources Division
and, thus, the ANMB’s senior Army
representative—and directed that the
AA-3 rating assigned to the atomic
~ project should not be questioned.®
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On the same day, Vannevar Bush
wrote to Harvey Bundy, Stimson’s
special assistant who served as the
Secretary’s personal agent in scientific
affairs. Bush knew that his memoran-
dum would come to Stimson’s atten-
tion. He summarized the current
status of the atomic energy project
and its plans and hopes for the future
in relation to the problem of prior-
ities. He emphasized that if the
ANMB persisted in its view that Man-
hattan did not need a higher priority
rating, the entire atomic bomb pro-
gram would be delayed. The time had
come, he continued, for weighing the
relative importance of the atomic pro-
gram against other wartime programs
with which 1t might interfere and, on
that basis, deciding the best way to
expedite its development. “From my
own point of view,” he concluded,
“faced as I am with the unanimous
opinion of a group of men that I con-
sider to be among the greatest scien-
tists in the world, joined by highly
competent engineers, I am prepared
to recommend that nothing should
stand in the way of putting this whole
affair through to conclusion, on a rea-
sonable scale, but at the maximum
speed possible, even if it does cause
moderate interference with other war
efforts.” 11

Bundy showed Bush’s memoran-
dum to the Secretary a few days later,

®Marshall Diary, 29 Aug 42, MDR. Quoted
phrase in Nichols’s recollection, recorded in the
diary, of what Clay told him.

11 Memo, Bush to Bundy, 29 Aug 42, MDR. On
Harvey Bundy’s position in Stimson’s office see
Henry L. Stimson and McGeorge Bundy, On Active
Service in Peace and War (New York: Harper and
Brothers, 1947), pp. 343-44. Harvey Bundy, a
Boston lawyer, served as Assistant Secretary of State
under Stimson, from 1929 to 1933.
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but there is no indication that Stim-
son took any immediate action.!Z
Meanwhile, Stone and Webster repre-
sentatives reported that steel compa-
nies had reacted negatively to their
attempts to place orders and the
ANMB warned Manhattan officers
that the rating was scarcely sufficient
to secure the steel needed for the
projected electromagnetic pilot plant.

Stone and Webster experienced a
similar response to its efforts to
obtain copper required for the Trail
project. Capt. Allan C. Johnson, as-
signed in August to head the project’s
liaison office in Washington, D.C.,
found that WPB and ANMB officials
viewed the AA-3 rating as indicating
that the atomic bomb program was,
as he phrased it, ‘“an unmimportant
miscellaneous type.” '3 On 12 Sep-
tember, Marshall asked the ANMB for
an AAA rating for the Trail copper.
Three days later, backed by Colonel
Groves, the district engineer went to
see General Weaver of the ANMB
and the following day the board as-
signed the rating, but only with the
understanding that the metal would
be drawn from the normal quota of
the Corps of Engineers. Unfortunate-
ly this delayed other engineer
projects, but Marshall had no alterna-
tive. His action opened the way for
the work at Traill to proceed on
schedule.

Despite the victory on copper pro-
curement for Trail, there was univer-
sal agreement among those con-
cerned with the atomic energy pro-
gram that improvement in the whole
priorities picture was an absolute ne-

12 Stimson Diary, 1 Sep 42, HLS.
13 Marshall Diary, 2 Sep 42, MDR.

cessity if the entire project was not to
founder. Groves felt that DSM leaders
would be able to justify a higher pri-
ority rating only after sites were defi-
nitely selected, plans were firmly
adopted, and actual construction was
under way. He urged Marshall to
move ahead on these matters with all
possible speed. As chairman of the
S-1 Executive Committee, Conant
had concluded that nuclear develop-
ments had become more important
than the highly rated synthetic rubber
program and now believed that they
should be given preference. Bush,
too, saw the immediate need and
called for assignment of a higher pri-
ority. The problem in mid-September
1942, as Groves later recalled it, was
“quite simple.”” If atomic energy *‘was
really the most urgent project, it
should have the top priority.” '* The
solution to this problem was not far
off, but it would not come before the
atomic project itself had undergone
major organizational changes.

Procuring Essential Materials

Certain materials essential to the
program had never been in sufficient
demand for industrial or commercial
use to have been produced in quanti-
ties. At the time the Army entered the
atomic project, three such materials
were urgently required: processed
uranium feed material (chemical com-
pounds and metal), highly purified
graphite, and heavy water. The Man-
hattan District had to develop its own
sources of supply for these essential
materials.

14 Groves, Now It Can Be Told, p. 22.
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Uranium

In early 1942, the OSRD S-1 Sec-
tion’s planning board had located suf-
ficlent raw uranium ore in North
America to satisfy the anticipated re-
quirements of the project for many
months to come. But the means for
converting this uranium into the vari-
ous kinds of feed materials needed
for the different methods of produc-
ing fissionable materials were almost
wholly lacking. While the OSRD had
taken some steps to secure these ma-
terials, the major task of procurement
remained to be carried out by the
Army.

The most immediate demand was
for processed uranium in the form of
metal for the Metallurgical Laborato-
ry. Raw uranium ore is customarily
refined either as uranium oxide, com-
monly termed black oxide, or as ura-
nium salts. The oxide or the salts can
be converted into metal by additional
processing; however, at the beginning
of 1942, this was still complicated and
expensive and only a limited quantity
was available in the United States—
several grams of good quality pro-
duced experimentally by the Wes-
tinghouse Electric and Manufacturing
Company and a few pounds in the
form of pyrophoric powder manufac-
tured by Metal Hydrides, Inc., of Bev-
erly, Massachusetts. Both Westing-
house and Metal Hydrides had ob-
tained the black oxide from the Cana-
dian Radium and Uranium Corpora-
tion of New York.

Canadian Radium’s source was the
mine owned by Eldorado Gold Mines,
Ltd., at Great Bear Lake in Northwest
Canada (Map 2]. Eldorado processed
the ore in its refinery at Port Hope,
Ontario, and then marketed it in the
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United States through Canadian
Radium. The mine itself had been
closed and allowed to fill with water
in the summer of 1940, because suffi-
cient ore had been stockpiled to satis-
fy anticipated demand for five years.
The uranium for early atomic re-
search in the United States had come
from these stockpiles. When the
OSRD placed a sizable order in 1941,
it obtained additional equipment and
supplies for getting the mine back
into operation and, meanwhile, Cana-
dian Radium continued to supply
amounts of black oxide refined from
the stockpiled ores.15

As deliveries increased during the
spring of 1942, project scientists 1in-
tensified their efforts to develop
better methods of purifying the mate-
rial and transforming it into metal.
Experiments at the National Bureau
of Standards demonstrated that an
ether process, long known, could
remove all impurities by a single ex-
traction method, greatly simplifying
the conversion of black oxide into
uranium dioxide, or brown oxide, the
starting point for uranium metal pro-
duction. Arthur Compton arranged
with Edward Mallinckrode, an old
friend who owned the Mallinckrodt
Chemical Works in St. Louis, to de-
velop large-scale production of brown
oxide, using the ether process. To
ensure an adequate supply of urani-
um oxide, Colonel Nichols directed
Stone and Webster to buy 350 tons
from Canadian Radium to cover the
project’s needs for the year ahead.®

15 Smyth Repor!, pp. 65-66; Hewlett and Ander-
son, New World, p. 65; MDH, Bk. 7, Vol. 1, “Feed
Materials and Special Procurement,” p. 3.1, DASA.

18 MDH, Bk. 7, Vol. 1, App. F2, DASA; Marshall
Diary, 7 Jul 42; MDR; DSM Chronology, 7 Jul 42,
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Thanks to these measures, by the fall
of 1942 Mallinckrodt’s production of
brown oxide from Eldorado’s ore had
increased sufficiently to supply the
project’s requirements. Mallinckrodt
and other chemical firms converted
the brown oxide into uranium tetra-
fluoride, or green salt, the feed mate-
rial employed in most uranium metal-
making processes. Westinghouse had
abandoned a photochemical method
in favor of a faster process using
green salt and soon was producing at
a satisfactory rate. At first Metal Hy-
drides was less successful, failing to
provide a metal of sufficient purity
with pyrophoric powder.

Intensive research during the
summer at Massachusetts Institute of
Technology, Iowa State College, and
the Bureau of Standards had devel-
oped new and improved metal-
making techniques. Most important
was a steel-bomb process for reduc-
ing green salt to metal, employing
highly purified calcium—and later
magnesium—as a reduction agent. By
early 1943, using this method, Iowa
State had developed a manufacturing
program and Metal Hydrides had sig-
nificantly increased its output. New
Army contracts with the Electro Met-
allurgical Company of Niagara Falls,
New York, a subsidiary of Union Car-
bide and Carbon Corporation, and
with E. I. du Pont de Nemours and
Company further increased produc-
tion, and the acute metal shortage
was largely relieved by 1944.17

Sec. 20, OROO; Memo, [Ruhoff] to Groves, sub:
Summary of Ore Contracts, 15 Feb 44, Admin Files,
Gen Corresp, 161 (African Metals), MDR; Compton,
Atomic Quest, pp. 93-95.

17MDH, Bk. 7, Vol. 1, pp. 10.1-10.9, DASA;
Hewlett and Anderson, New World, pp. 87-88 and
293-94; Memo, Nichols to Groves, 21 Dec 44,
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In September 1942, Colonel Mar-
shall placed Capt. John R. Ruhoff in
charge of all uranium metal produc-
tion. Ruhoff had been a chemical en-
gineer at Mallinckrodt, assisting in the
uranium oxide program, and when he
was inducted into the Army that
summer, Manhattan officials had ar-
ranged his assignment to the District
as its area engineer in St. Louis, with
headquarters at the Mallinckrodt firm.
Then in October, Marshall formed a
Materials Section in the District office
to administer the whole feed materi-
als program. He selected Lt. Col.
Thomas T. Crenshaw of the Califor-
nia Area Engineers Office to head the
section and had Ruhoft transferred to
New York to serve as Crenshaw’s
assistant.!8

Meanwhile, project leaders knew
the reopened Eldorado mine would
probably not be able to produce and
ship ore for at least another year and
that stockpiles at the Port Hope refin-
ery were insufficient for the 350 tons
of oxide ordered for the project in
July. They urgently needed a source
that could provide high-grade urani-
um on short notice. Such a source, in
fact, had long been close at hand.
Late in 1940, when German seizure of
much of Africa appeared likely, Edgar
Sengier—head of Union Miniere with
whom Alexander Sachs of Wall Street
and Harold Urey of Columbia had
earlier conferred—had ordered ship-
ment of approximately 1,200 tons of
high-grade ore from the Shinkolobwe
stockpile in the Congo via Portuguese
West Africa to New York. Storing the

Admin Files, Gen Corresp, 319.1, MDR; DSM Chro-
nology, 4 Sep 42, Sec. 20, OROO.
18 MDH, Bk. 7, Vol. 1, pp.
Compton, Alomic Quest, pp. 95-96.

1.16-1.17, DASA;
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ore in a warehouse in Port Richmond
on Staten Island, Sengier apparently
made no effort to call it to the atten-
tion of American government officials
until after the United States entered
the war. Attending a meeting in
Washington, D.C., in March 1942, he
mentioned his Staten Island cache to
Thomas K. Finletter and Herbert
Feis, State Department officials con-
cerned with international economic
affairs, but neither state nor defense
officials indicated any immediate in-
terest in the ore—why is not entirely
clear. Nevertheless, it was soon
common knowledge in trade circles
that Sengier was interested in selling
the ore.1®

It was early September 1942, how-
ever, before word of the Congo ore
reached Manhattan District officials.
The Standard Oil Development Com-
pany, working on the centrifuge proc-
ess, had opened negotiations with
Sengier for procurement of the ura-
nium oxide it needed. Through
Standard Oil, Metallurgical Laborato-
ry staff members learned of the
Staten Island ore and sought to pur-
chase additional quantities. Through
his Union Miniere outlet in New
York, the African Metals Corporation,
Sengier had submitted a request to
the State Department for a license to
ship ore from Port Richmond to El-
dorado’s refinery in Ontario, for
processing into black oxide. On 7
September, Colonel Nichols received
a query from Finletter concerning the
request from African Metals—his first
inkling of the existence of the Congo
ore. Nichols acted promptly; he met

19 Groves, Now It Can Be Told, pp. 33-35; Hewlett
and Anderson, New orld, pp. 85-86; Lewis L.
Strauss, Men and Decisions (Garden City, N.Y.: Dou-
bleday and Co.. 1962), pp. 181-82.

with Finletter and Feis at the State
Department on 12 September and
then dispatched Captain Ruhoff to
consult with Stone and Webster in
Boston and Sengier in New York,
while he himself hurried to California
for the meeting of the OSRD S-1 Ex-
ecutive Committee on the thirteenth
and fourteenth. The committee rec-
ommended that all Sengier’s ore be
acquired.2® Thus, at just the time
when an acute shortage of uranium
threatened to seriously delay the
atomic project, the store of rich
Congo ore became available to pro-
vide most of its wartime
requirements.

Graphite, Heavy Water, and Silver

Either highly purified graphite or
heavy water to use as a moderator in
the atomic pile was essential for the
plutonium program and the other
work under way at the Metallurgical
Laboratory. Ample graphite was al-
ready being produced commercially
in the United States; the question was
one of “purity and priority.” The
main quality required in the graphite
was low-neutron absorption, which
was directly dependent on its purity.
Unfortunately, the standard product
had too many impurities, particularly
boron. Scientists at the National
Bureau of Standards traced the boron
in commercial graphite to the coke
used for i1ts production. By substitut-
ing petroleum for coke and altering
certain manufacturing techniques,
both National Carbon Company and
Speer Carbon Company were soon

20 Groves, Now It Can Be Told, p. 36; Marshall
Diary, 7 and 12-13 Sep 42, MDR; DSM Chronology,
13 Sep 42, Secs. 2(e) and 20, OROO.
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producing highly purified graphite
that absorbed 20 percent fewer neu-
trons and satisfied the stringent re-
quirements of the Metallurgical Labo-
ratory. With the WPB’s cooperation
in arranging the necessary priorities,
the OSRD was able to place large
orders with these firms, essentially
solving the atomic energy program’s
graphite problem.2?

Heavy water was another matter.
Scientific leaders knew that heavy
water could not be available in large
quantities for many months or even
years. Researchers at the Metallurgi-
cal Laboratory had directed their pri-
mary interest toward developing a
uranium-graphite pile, viewing heavy
water as an alternate solution should
the problems with graphite prove
insuperable. Meanwhile, the OSRD
moved ahead with its plans for a
heavy water plant at Trail (sezMap2),
but priority difficulties delayed con-
struction and the plant did not begin
operating until June 1943.22

A store of approximately 400
pounds—almost all the heavy water in
the world outside of that being pro-
duced by the German-controlled
Norsk Hydro plant in southern
Norway—was in the hands of British
scientists. This heavy water had an in-
teresting history. Nuclear research in
France by Frederic Joliot-Curie and
his collaborators, Hans von Halban
and Lew Kowarski, had concentrated
on using heavy water as a moderator
to achieve a slow-neutron reaction. In

21 Smyth Report, pp. 65-68 (quotation from p.
68); Compton, A4tomic Quest, pp. 97-98; MDH, Bk. 1,
Vol. 4, “Auxiliary Activities,” pp. 12.7-12.9, DASA.

22 Smyth Report, p. 65; Compton, Atomic Quest, pp.
79 and 98-99; Marshall Diary, MDR, and DSM
Chronology, OROO, for the summer of 1942,
passim; MDH, Bk. 3, “The P-9 Project,” pp. 4.1-4.7
and 5.4, DASA.
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March 1940, just before the German
attack on Norway, Joliot-Curie had se-
cured about 160 to 165 liters {169 to
174 quarts) of heavy water from
Norsk Hydro. Shortly before the fall
of Paris in mid-June, he sent von
Halban and Kowarski with most of
this precious store to England, where,
after a hazardous trip, the two men
joined the growing team of British
and refugee scientists doing atomic
research. Work with this stock of
heavy water had contributed to the
optimistic British reports on a urani-
um-heavy water system. When the
group relocated to Canada at the end
of 1942, the heavy water went
along.23

The need for large quantities of
silver had not been anticipated. At
the Army-OSRD meeting on 9 July,
Ernest Lawrence of the University of
California, Berkeley, pointed out that
he needed several thousand tons of
copper for magnet coils. Because
copper was high on the hst of critical
materials and might be impossible to
obtain, he thought that silver, a good
electrical conductor and not on the
critical materials list, would do as
well.  Accordingly, Colonel Nichols

23H. D. Smyth, “British Information Service
Statement, ‘Britain and and the Atomic Bomb,’
August 12, 1945, in Atomic Energy for Military Pur-
poses, 8th ed. (Princeton, N J.: Princeton University
Press, 1948), p. 276; Gowing, Bnitain and Atomic
Energy, pp. 49-51; Crowther and Whiddington, Sa-
ence at War, pp. 144-45 and 148; Sir George Thom-
son, “Anglo-U.S. Cooperation on Atomic Energy,”
American Scientist, 41 (Jan 53); 77-78 and 80; Glas-
stone, Sourcebaok on Atomic Energy, 3d ed. (Princeton,
NJ.: D. Van Nostrand Co., 1967), n. on p. 513. The
figure given for the amount of heavy water that the
French secured from Norsk Hydro varies somewhat
in the different accounts. Most state that there were
about 160 to 165 liters, an amount that would have
weighed about 176 to 182 kilograms (388 to 410
pounds).
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visited Under Secretary of the Treas-
ury Daniel W. Bell to find out if silver
would be available. Although Nichols
did not provide specific details of the
DSM project, Bell appeared receptive.
“How much silver do you want?”’ he
asked. “About fifteen thousand tons,”
answered Nichols. Visibly startled,
Bell exclaimed: “Young man, . .. 1
would have you know that when we
talk of silver we speak in terms of
ounces.”

Ounces or tons, that the DSM
project would get what it wanted was
soon clear. With relatively good
speed, considering the need for secre-
¢y and the number of clearances re-
quired, the Department of the Treas-
ury, the ANMB, and the WPB ap-
proved the necessary arrangements.
On 29 August, in a letter to Secretary
of the Treasury Henry Morgenthau,
drafted jointly by Manhattan and
Treasury representatives, Secretary of
War Stimson requested the transfer
of 175 million fine troy ounces (about
6,000 tons of silver) “to the War De-
partment to be used as a substitute
for copper” for an ‘“‘important
project” that was “highly secret.” “At
this time,” read Stimson’s letter, ‘““the
interests of the Government do not
permit my disclosing the nature of
the use.”

2 As related by Compton, Atomic Quest, p. 157.
Subsection based on Marshall Diary, 9 Jul-29 Aug
42, MDR; MDH, Bk. 5, Vol. 4, “Silver Program,”
DASA; Groves, Now It Can Be Told, pp. 107-09.
Groves gives the impression that Marshall himself
visited Under Secretary Bell, but Marshall’s 3 Aug
42 entry in his diary indicates that he sent Nichols
to confer with Bell on the question of securing
silver for the Manhattan Project.

B Ltr, Stimson to Secy Treas, 29 Aug 42, in
MDH, Bk. 5, Vol. 4, App. B-1, DASA.
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The endorsement of the Treasury
Department on a second letter that
day constituted an agreement be-
tween the two agencies for the trans-
fer. It provided that the silver would
remain in the United States; would be
returned to the Treasury in five years,
or sooner if required; would be uti-
lized in government-owned plants es-
sential to the war effort; and would
be protected against loss. Subsequent
agreements in 1943 and 1944 would
raise the quantity involved to roughly
14,700 tons, worth about $304 mil-
lion.?® Under constant heavy guard,
the bars of silver were transferred—
after being melted, cast in cylindrical
billets, rolled into strips, and finally
fabricated into magnet coils. Because
the electromagnetic process seemed
the most promising in the summer of
1942, this turn of events was indeed
encouraging.

Site Selection

Project leaders in the summer of
1942 were well aware that acquisition
of suitable sites was as important to
the success of the atomic program as
obtaining adequate priorities. At the
Army-OSRD meeting of 25 June, they
had confirmed an earlier decision to
build a heavy water plant at the Trail
site and approved location of the pro-
posed plutonium pilot plant in the
Argonne Forest near Chicago. The
Army delayed actual acquisition of a
specific area in the Argonne Forest
preserve pending receipt of further

28The Atomic Energy Commission did not return
the last of the 14,700 tons of silver to the U.S.
Treasury until May 1970, a quarter of a century
later. See news item in Washington Post, 29 May 70.
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SILVER-WOUND MAGNET COILS FOR THE ELECTROMAGNETIC PROCESS

information from the Metallurgical
Laboratory concerning the size of site
needed for the plutonium pilot plant.
In early July, Colonel Nichols ob-
tained clarification of the specific Ar-
gonne requirements in discussions
held in Chicago with Stone and Web-
ster officials and Compton and his
staff, opening the way for lease in
August of 1,000 acres from Cook
County. At the same time, the Univer-
sity of Chicago agreed to provide an
additional acre on the campus for
future construction of additional labo-
ratory space. To administer the site
acquisitions and oversee construction
activities, Colonel Marshall estab-
lished the Chicago Area Engineers

Office in August and assigned Capt.
James F. Grafton as area engineer.?’
For the main production plants,
Colonels Marshall and Nichols and
representatives of Stone and Webster
and the Tennessee Valley Authority
(TVA) began a survey of possible
sites in the Knoxville area on 1 July.?®

2?Marshall Diary, 6-7, 10, 13, 17 Jul and 13 Aug
42 MDR; MDH, Bk. 4, Vol. 2, “Research,” Pt. I,
pp- 2.5-2.7 and 7.2, DASA.

2 Paragraphs on Tennessee site based on Mar-
shall Diary, 1-3, 9, 10, 14, 15, 23, 29, 31 Jul and 3,
17-19, 26-27 Aug and 2-5, 10 Sep 42, MDR; MDH,
Bk. 1, Vol. 10, “Land Acqusition CEW,” pp. 2.3-
2.4 and 2.20-2.21, and Vol. 12, “Clinton Engineer
Works,” pp. 2.2-2.4, DASA; DSM Chronology, 9,
30 Jul and 26 Aug 42, each Sec. 2(e), OROO;
Groves, Now It Can Be Told, p. 15; Memo, Crenshaw
to Dist Engr, sub: Weekly Progress Rpt, 22 Aug 42,
Admin Files, Gen Corresp, 001 (Mtgs), MDR.
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(See Map 1)) Requisite conditions for

the site were a nearby source of a
large amount of continuous electric
power, enough for a fair-sized city;
availability of a very large quantity of
water for cooling and processing as
well as construction and operating re-
quirements; and proximity to a main
line railroad and good access roads,
to ensure delivery of heavy construc-
tion materials and supplies. Topogra-
phy, too, was important. An area
bounded by natural barriers, such as
rivers and hills, would be securer and
individual plant sites separated by
ridges far safer in case of an explo-
sion, although the slopes of these
ridges should be gentle enough for
easy construction. The substratum
should provide adequate foundation,
yet not be so full of rocks as to make
excavation unnecessarily difficult and
time-consuming. Finally, there should
be adequate and suitable space for a
town with facilities for housing and
serving thousands of workmen and
technicians and their families.

The survey and subsequent investi-
gations filled nearly three days,
during which Colonel Marshall and
his colleagues examined several possi-
ble sites. None seemed at first glance
exactly right, but one, at least, had

possibilities. TVA officials seemed
certain that the 150,000-kilowatt
power requirement of the plants

could be met if Marshall could hasten
the delivery of some badly needed
heavy-generating  equipment.  As
project priorities were indefinite at
this time, Marshall agreed to look
into the matter; however, he empha-
sized that because an entirely suitable
site had not been found, he would
have to consider an area near Spo-
kane, Washington, where the Bonne-
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ville Power Administration might
more easily meet his requirements.

Site problems were a key issue at
the next Army-OSRD meeting on
9 July. John R. Lotz, head of Stone
and Webster, reported that his firm
had surveyed the Spokane area and
concluded that it lacked sufficient
transmission lines to supply the re-
quired power. The group reaffirmed
in principle its earlier decision for a
site 1n Tennessee. Also, Marshall and
the Stone and Webster engineers
agreed that half of the 200 square
miles previously believed necessary
would be adequate, and even a site of
this size would not be required were
it not for the plutonium plant. The
danger of highly radioactive fission
products escaping, or even of a nucle-
ar explosion, dictated building this
plant 2 to 4 miles from any other in-
stallaton and an equal distance in
from the boundaries of the site.

The 9 July Army-OSRD meeting
ended without a decision on a specific
Tennessee site or any indication of
when one might be made. Nor was
there, for that matter, any clear fore-
cast of scientific developments that
might help determine the choice.
Only a tentative and, as soon became
clear, excessively optimistic construc-
tion schedule emerged. As Colonel
Groves pointed out to Colonel Mar-
shall that afternoon, a general air of
vagueness seemed to pervade the
whole atomic project, with the start-
ing dates for development of many of
its phases still too indefinite. He
urged Marshall first to insist upon the
prompt and complete programming
of all contemplated steps and then to
see that this schedule was adhered to
as far as possible. An obvious neces-
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sity was a swift decision on the major
production site.

Shortly thereafter, Marshall and
Stone and Webster officials agreed to
try to obtain a site in Tennessee by
10 August so that construction on the
project administration building and
some housing facilities could begin,
even if plant construction could not.
Stone and Webster drew up a formal
site report on the most promising
area, about 12 miles west of Knox-
ville, and prepared maps indicating
the exact tracts of land to be ac-
quired. To avoid having a public
highway run through the site, an ob-
vious security hazard, the firm also
studied the possibility of relocating
Tennessee 61, which then crossed the
northern portion of the area. The
Ohio River Division of the Engineer
Department then prepared an ap-
praisal of the cost of acquiring the ap-
proximate 83,000 acres in the area,
comprised of land in the Roane,
Loudon, Knox, and Anderson Coun-
ties of Tennessee. On 30 July, at the
next Army-OSRD meeting, Colonel
Marshall reviewed the steps taken
toward acquisition of the site and the
entire group agreed that the Tennes-
see Valley seemed the best location,
although some of the scientists felt
that a site farther east in the Great
Smoky Mountains, where the climate
was not as warm, might prove more
desirable in the future for a proposed
permanent central laboratory.

Hardly had the way been cleared
for immediate acquisition of the Ten-
nessee site when Colonel Marshall,
with the approval of General Robins,
decided to postpone carrying it out.
He knew that the site and making the
necessary pre-construction changes
and improvements, not including re-
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location of Tennessee 61, would cost
an estimated $4.25 million and
require resettlement of some 400
families living in the area. Marshall
reasoned there could be no harm in
delaying acquisition until more defi-
nite information on the plutonium
process was available. At worst, a
postponement would cause only a few
weeks delay, for the Engineers’ Real
Estate Branch was sure that the land
could be acquired to the point of
right of entry within ten days of his
order to proceed. Meanwhile, he
would try to get the TVA the needed
priorities and, when scientific devel-
opments warranted, order acquisition
of the site.

Although Ernest Lawrence indicat-
ed he was now willing to have the
full-scale electromagnetic separation
plant built in Tennessee, locating the
plants in the Shasta Dam area of Cali-
fornia was seriously studied and the
proposal was not completely aban-
doned until early September. Never-
theless, Colonel Marshall felt he was
“about ready to recommend purchase
of at least part of the Tennessee site”
by 26 August, the next S-1 Executive
Committee meeting. When the com-
mittee, however, delayed a decision
on production facilities, acquisition of
the site was postponed, despite the
urgings of Robins and Groves to the
contrary.?®

Reaching Decisions: The Meeting at
Bohemian Grove

About 10-12 miles northwest of
San Francisco, across the Golden
Gate and amidst the giant redwood

2 Marshall Diary, 26 Aug 42, MDR.
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trees of the Muir Woods National
Monument, there is a beautiful area
known as the Bohemian Grove. In
this impressive setting, not too far
from Lawrence’s laboratory at the
University of California, Berkeley, the
S-1 Executive Committee met on 13
and 14 September 1942 to consider
at length and in detaill the major
problems of the DSM project.?®
Present along with the committee at
this fifth Army-OSRD meeting were
Colonel Nichols and the California
area engineer, Maj. Thomas T. Cren-
shaw—both in civilian clothes to mask
from casual observers the Army’s in-
terest in the work at Berkeley—as well
as J. Robert Oppenheimer and two
other scientific consultants.

The first major decision was to ac-
quire the Tennessee site immediately.
But on which plants could construc-
tion begin? The gaseous diffusion and
centrifuge separation methods still
appeared feasible and promising, but
neither had produced any appreciable
amounts of U-235 and both would re-
quire hundreds or thousands of pro-
cess stages for large-scale separation.
The plutonium process had yet to see
a self-sustaining chain reaction, much
less production and separation of plu-
tonium. Thus far, only the electro-
magnetic method had achieved signif-
icant production. Because one elec-
tromagnetic unit could separate 10
milligrams of U-235 per day, it was
not inconceivable that fifty thousand
units could separate a pound, and, in
the same period, a billion units could
separate a ton. To design and build

% Section on Bohemian Grove meeting based on
Compton, Atomic Quest, pp. 150-54 and photograph
facing p. 140; Marshall Diary, 13 Sep 42, MDR;
DSM Chronology, 13-14 Sep 42, Sec. 2(e), OROO;
Smyth Repori, pp. 140-41.

these units would be difficult and ex-
pensive, and the full-scale plant
would require considerably more re-
search and engineering development
as well as the training of large num-
bers of skilled operators. But the
process appeared sufficiently feasible
to justify starting work on a produc-
tion plant. After a visit to Lawrence’s
laboratory, where the Executive Com-
mittee viewed experimental separa-
tion units in actual operation, the
group agreed to proceed with the
construction of a large-scale electro-
magnetic plant.

This 100-gram-per-day (the output
specified in the 17 June program)
electromagnetic installation would be
erected in Tennessee at an estimated
cost of $30 million. Design and pro-
curement for the plant were to begin
immediately, subject to cancellation at
any time before New Year’s Day of
1943 if further developments so war-
ranted. On that date, the group
hoped, design would be frozen and
construction could begin. At the same
time, a small electromagnetic pilot
plant was projected for Tennessee;
however, at a later date, this plan was
dropped.

The experimental plutonium plant
planned for the Argonne Forest site
was now switched to Tennessee. This
change was necessitated by growing
evidence that operations at this
plant—including chemical studies on
extracting the plutonium, training of
operators, and testing of equipment
and processes—would be on a scale
too large for the Argonne site. Stone
and Webster would arrange a subcon-
tract with a chemical company to
develop and operate the chemical en-
gineering equipment needed for plu-
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tonium separation. Now the experi-
mental pile from the Metallurgical
Laboratory could be relocated from
the heart of south Chicago to the
safer Argonne location. In further
support of the plutonium project,
construction of the heavy water plant
at Trail would be pushed as rapidly as
necessary to complete this work by
1 May 1943.

The meetings on 13 and 14 Sep-
tember brought an end to much of
the indecision that the course of
events had imposed on the atomic
energy program during the summer
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of 1942. The decisions reached at the
Bohemian Grove, in the words of one
participant, “were destined to shape
the entire future development of the
project.” ! Indeed, even as these de-
cisions were taking form, changes
were under way that would have a
profound effect on the organization
and direction of the atomic bomb
program. The early period of Army
participation, marked by a slow and
deliberate entrance into the project,
was coming to an end.

81 Compton, Atomic Quest, p. 150.



CHAPTER 1V

General Groves Takes Command

As the son of an Army chaplain,
Leslie R. Groves spent many of his
boyhood years on different military
posts in the western United States.
During these formative years, young
Groves often listened to the old Indian
fighters who frequented the posts
recount many a stirring tale of how
the West was won. Their tales fired
the boy’s imagination, yet he lament-
ed that those days were past and that
there were no more frontiers left for
him to conquer. He could not know,
of course, that the opportunity to re-
alize his youthful dreams to lead in
the exploration and conquest of a
new frontier—his to be a scientific
and technical one whose develop-
ments would have a decisive impact
on the future and fate of all man-
kind—would come as the result of the
administrative reorganization of the
American atomic energy program in
the summer and fall of 1942 and his
selection as a 46-year-old career Army
officer to be officer in charge of the
project.!

Reorgamization and the Selection
of Groves

On 17 June 1942, President
Roosevelt had approved the propos-

! Groves, Now It Can Be Told, p. 415.

als, made by Vannevar Bush and
James B. Conant to the Top Policy
Group, that the Army assume overall
direction of the atomic program and
that the Joint Committee on New
Weapons and Equipment (JNW) es-
tablish a special subcommittee to con-
sider the military application of
atomic energy. Bush, however, who
served as JNW chairman, did not see
any need for immediate appointment
of the subcommittee and thus waited
until 10 September to propose to
Secretary of War Stimson that a small
group of officers be assigned the task
of considering possible strategic and
tactical uses of atomic energy. When
Stimson informed Army Chief of Staff
General George C. Marshall of Bush’s
request, the general indicated that he
felt it was premature and expressed
grave concern about the increasing
problem of security as more and
more people became aware of the ex-
istence of the atomic energy program.
Despite Marshall’s reservations, it
soon became evident that a special
committee was needed not only to
consider the ultimate uses of atomic
energy but also to determine general
policies and supervise the growing
project. The sequence of events in
September 1942 that led to formation
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of a policymaking committee and to
strengthening the military leadership
of the project seems to have been
about as follows. 2

Early that month—almost certainly
before learning the results of the Bo-
hemian Grove meeting and possibly
even before Bush made his recom-
mendations to  Stimson—General
Styer discussed the status of the
atomic energy program with his com-
mander, Lt. Gen. Brehon B. Somer-
vell, Services of Supply (SOS) com-
manding general, and then with
General Marshall. In outlining devel-
opments In the program, he empha-
sized that the Army’s responsibilities
were now becoming increasingly
large. Then on the sixteenth, or pos-
sibly a day or so earlier, Bush, Styer,
and Somervell met to discuss the top-
level organization of the atomic
project. Under Secretary of War
Robert P. Patterson also may have
been present, or perhaps Somervell
saw him separately. At any rate, two
decisions were reached: A policy com-

2 Description of events through 22 Sep 42 recon-
structed from Memo, Bush and Conant to Wallace,
Stimson, and Marshall, sub: Atomic Fission Bombs,
13 Jun 42, Incl to Lir, Bush to President, 17 Jun 42;
Ltr, Bush to Styer, 19 Jun 42. Both in HB Files, Fldr
6. MDR. Sumson Diary, 10 Sep 42, HLS. Memo,
Bundy to Stimson, 10 Sep 42, HB Files, Fldr 5,
MDR. Ist Ind, Styer to Chief of Mil Hist, 15 Aug
61, to Lur, Chief of Mil Hist to Styer, 17 Jun 61,
CMH. Groves, Now It Can Be Told, pp. 3-b and 21~
23. Marshall Diary, 16-21 Sep 42, OCG Files, Gen
Corresp, Groves Files, Misc Recs Sec, behind Fldr 5,
MDR. Memo (penciled note), VB [Bush] to Bundy,
in envelope marked 9/17, HB Files, Fldr 7, MDR.
Diary of Lt Gen Leslie R. Groves (hereafter cited as
Groves Dairy), 17-22 Sep 42, LRG. The diary was
an office record maintained by Groves’s secretaries
to list wvisits, telephone calls, etc. It covers the
period from 1 Jan 42 to 7 Nov 45. Entries of later
years are more complete than for the early period of
the Manhattan Project. No entry was written by
Groves, nor was each one necessarily seen by him.
It appears to be accurate, although incomplete.
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mittee would be formed to oversee
the program, and an Army officer
would be chosen to carry out the
policies established by this committee.

Anxious to counteract General So-
mervell’s tendency to favor giving the
Army dominant control of the
project, thus relegating the scientists
to a lesser role, Bush proposed that
the committee should be organized
first. Styer and Somervell, however,
wanted to choose an officer immedi-
ately. The obvious choice was Styer
himself, but the job was a full-time
one and Somervell was unwilling to
lose his chief of staff. Styer then,
without hesitation, proposed Colonel
Groves, a recommendation readily ap-
proved by Generals Somervell and
Marshall.

In addition to his impressive gener-
al qualifications,® another factor made

3 Leslie R. Groves entered the U.S. Military Acad-
emy in 1916 following three years as a student at
the University of Washington (1913-14) and the
Massachusetts Institute of Technology (1914-16).
His class at West Point did not graduate until No-
vember 1918, too late for him to see active duty in
World War 1. Assigned to the Corps of Engineers,
for more than a decade after the war he held a vari-
ety of engineer positions in the United States,
Hawaii, and Nicaragua. During the 1930’s, he at-
tended the Command and General Staff School at
Fort Leavenworth, Kansas, and the Army War Col-
lege in Washington, D.C., and also served in the
Office of the Chief of Engineers (OCE), on the Mis-
souri River Division staff, and on the War Depart-
ment General Staff. Beginning in 1940, he held im-
portant administrative posts in the rapidly expand-
ing military construction program, moving quickly
from the rank of captain to full colonel. As chief of
the Operations Branch, Office of the Quartermaster
General (OQMG), he acted as special assistant to
the quartermaster general for Army construction.
When the Construction Division was transferred
from OQMG to OCE at the end of 1941, he became
deputy chief of the division under Bng. Gen.
Thomas M. Robins. Having an excellent background
of experience on a variety of major construction
projects, the best known being the huge Pentagon

Continued
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Groves the logical choice to head the
atomic project: As deputy chief of the
Engineers’ Construction Division, he
had spent considerable time advising
District Engineer Marshall in his
quest for power resources and in his
selection of sites for the Manhattan
District facilities. Furthermore, with
military construction in the United
States past its wartime peak, Groves
was seriously considering taking an-
other assignment, probably overseas.

On the morning of 17 September,
Groves had to testify on a military
housing bill before the House Military
Affairs Committee. When he left the
hearing room, he encountered Gener-
al Somervell and learned of his new
assignment. Groves later recalled that
his first reaction was one of great dis-
appointment at the prospect of miss-
ing overseas duty. Somervell, un-
doubtedly sensing Groves’s lack of
enthusiasm for his new job, expressed
the opinion that a successful conclu-
sion to the atomic energy program
could well have a decisive impact on
winning the war.*

Shortly after leaving Capitol Hill,
Groves, accompanied by Colonel
Nichols (Colonel Marshall was on the
West Coast), reported to General
Styer for orders. Styer explained the

building, Groves earned the reputation among his
professional colleagues as an able, aggressive, and
industrious officer who repeatedly demonstrated su-
perior engineering, administrative, and organiza-
tional abilities. See 1st Ind, Styer to Chief of Mil
Hist, 15 Aug 61, to Ltr, Chief of Mil Hist to Styer,
17 Jul 61, CMH; WD Press Release, Oct 46, CMH;
Groves, Now It Can Be Told, p. 465; Fine and Rem-
ington, Corps of Engineers: Construction, pp. 158-59
and 254-55. A detailed listing of Groves’s military
assignments may be found in Cullum, Biographical
Register, 6B:2010, 7:1338, 8:382, 9:271.

* Groves, Now It Can Be Told, pp. 3-4; Fine and
Remington, Corps of Engineers: Construction, pp. 586-
603.
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new high-level organization of the
project and Groves’s role in it
Groves was to be relieved of his posi-
tion in the Construction Division. He
was, however, to continue to exercise
control over construction of the
nearly completed Pentagon. In this
way he would avoid arousing public
curiosity at his sudden absence from
this project, which was viewed with
great interest by Congress. After the
Pentagon job was finished in a few
months, Groves was to devote himself
entirely to the atomic energy
program,

The directive for Groves’s new as-
signment—Styer had consulted with
him on its wording—ordered the En-
gineers chief, General Reybold, to re-
lieve him “for special duty in connec-
tion with the DSM project.” 3 The di-
recive emphasized, however, that
Groves was to operate closely with
the Construction Division and other
elements of the Corps of Engineers.
He was to have full responsibility for
administering the entire project and
to make immediate arrangements for
priorities, for formation of a commit-
tee to formulate military policy gov-
erning use of the project’s product
output, and for procurement of the
Tennessee site as the location for its
major activities. He was also instruct-
ed to make plans for the organization,
construction, operation, and security
of the project and, after they had
been approved, to undertake the
measures necessary to carry them out.

5 Memo, Somervell to Chief of Engrs, sub: Re-
lease of Groves for Special Assignment, 17 Sep 42,
OCG Files, Gen Corresp, MP Files, Fldr 25, Tab B,
MDR. Directive to Groves reprinted in his book Now
It Can Be Told, App. I, pp. 417-18.
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Styer also informed Groves that
General Marshall had directed that he
be promoted to the grade of brigadier
general. As the list of new promo-
tions would be out in a few days,
Groves suggested (and Styer agreed)
that he should not take over the
project officially unul he had received
his star. “I thought that there might
be some problems in dealing with the
many academic scientists involved in
the project,” he wrote later, “and I
felt that my position would be strong-
er if they thought of me as a general
instead of a promoted colonel.” The
new military chief of the atomic
project, however, seems not to have
considered that for several months
Colonel Marshall and other officers
had been dealing successfully with
project scientists in spite of their rela-
tively low military rank.®

Following the conference with
Styer, Groves delivered the directive
covering his new assignment to Gen-
eral Reybold and also stopped in the
office of his erstwhile chief, General
Robins, to brief him on its contents.
He then sat down with Colonel Nich-
ols to learn from the deputy district
engineer more about the actual status
of the project. He was not very
pleased with what he learned. “In

8 Groves received the grade of brigadier general
on 23 Sep 42 and, subsequently, the grade of major
general on 9 Mar 44, a rank he continued to hold
for the rest of the time he served as commander of
the Manhattan Project. He moved up to the rank of
lieutenant general, effective 24 Jan 48, but shordy
therealter (29 Feb 48) retired from active duty on
his own application. At the time of his retirement,
Congress enacted a special measure giving him the
honorary rank of lieutenant general, effective 16 Jul
45, in recognition of his services in directing the
atomic bomb project. See Cullum, Biographical Regis-
ter, 9:271. Quotation is from Groves, Now It Can Be
Told, p. 5.
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fact,” he recalled subsequently, “I
was horrnfied. It seemed as if the
whole endeavor was founded on pos-
sibilities rather than probabilities.” 7

On the afternoon of the same day
(17 September), Groves and Nichols
called on Bush. Unfortunately, no one
had yet officially informed the OSRD
director of Groves’s assignment to the
project. Furthermore, Bush was dis-
turbed that this action was additional
evidence that Somervell was intent on
having the Army take over control of
the atomic energy program to the
complete exclusion of the scientists.
Consequently, he was most reluctant
to answer Groves’s questions and the
whole " conversation was somewhat
one-sided, relatively bref, and, in
Groves’s words, “‘far from satisfactory
for both of us.” 8

As soon as Groves departed, Bush
hurried over to see Styer. He repeat-
ed his views that the proposed policy
committee should choose its own
agent; "he ‘“doubted whether he
[Groves] had sufficient tact for such a
job.” Bush recollected later that Styer
disagreed with him on the first point
and, while acknowledging that Groves
was “blunt etc., . [he] thought his
other qualities would overbalance.”
Styer went on to explain that Groves’s
assignment already had been approved
by General Marshall. Returning to his
office, Bush wrote to Harvey Bundy,
Stimson’s assistant for scientific mat-
ters: “'I fear we are in the soup.” ?

" Groves, Now It Can Be Told, p. 19.

81bid., p. 20. See also Hewlett and Anderson, New
World, p. 81.

? Paragraph on Bush’s reaction to Groves’s assign-
ment based on Memo. Bush to Bundy, in envelope
marked 9/17, MDR.
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For the next few days, Groves was
busy preparing for his new assign-
ment, including conferences with
Colonel Marshall and Generals Styer
and Robins. Robins made a point that
the Engineer Department of the
Corps of Engineers would have no
further responsibility for the program
and that the Manhattan District would
henceforth report to Groves rather
than to the Engineers chief.

On 21 September, Colonels Groves
and Marshall called on Bush. This
time the OSRD director was cordial
and open. He explained his earlier re-
luctance to talk freely, then briefed
Groves thoroughly on the scientific
and historical background of the
project and cautioned him on the
need for tightening security measures.
Thus, from what Groves himself later
termed an “inauspicious beginning,”
relations between the two leaders of
the atomic project soon grew into a
firm and fruitful friendship, with each
expressing the greatest respect for
the other’s capabilities.

On the afternoon of 23 September,
a few hours after Groves had been
sworn in as a brigadier general and
had taken official charge of the
atomic project, he went to a meeting

*Quoted phrase from Groves, Now It Can be Told,
p- 21. Bush acknowledges in his memorrs that Styer
“was right when he insisted that Groves was the
man for the job” [see Vannevar Bush, Pieces of the
Action (New York: Willliam Morrow, 1970), p. 61].
Groves implies in his account (pp. 21-22) that his
second meeting with Bush occurred on 19 Septem-
ber, whereas the Marshall Diary, 21 Sep 42, MDR,
indicates that the meeting actually took place on the
twentv-first. Groves saw Styver again on the twenty-
second, but he fails to mention this meeting in his
book. Curiously enough, however, the two pages de-
scribing the events of that date are missing from
both copies of the Marshall Diary, and although the
Groves Diarv, 22 Sep 42, LLRG, records the fact that
the meeting took place, no other details are given.
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convened by Secretary Stimson at the
War Department. Present also were
Bush, Conant, Bundy and Generals
Marshall, Somervell, and Styer. The
group agreed to establish a small
Military Policy Committee, responsi-
ble to the Top Policy Group, to for-
mulate project policies on research
and development, construction and
production, and strategic and tactical
matters. Bush was chosen chairman,
with Conant as his alternate; the
other members were General Styer
and Rear Adm. Willam R. Purnell],
who had replaced Rear Adm. Willis
A. Lee, Jr., on the JNW Committee.
General Groves was to sit with the
committee and to act as its executive
officer in carrying out its policies.
The new committee was directed to
report periodically to the Top Policy
Group. The OSRD S-1 Executive
Committee was to continue to advise
on scientific aspects of the program,
with most of the research activities
under OSRD direction.!!

As soon as the Military Policy Com-
mittee had received written approval
from the Top Policy Group and the
JNW Committee, it assumed virtually
complete control of all aspects of the
atomic  energy program, acting
through General Groves as, to use
Stimson’s phrase, “the executive head
of the development of the
enterprise.” 12

1Rpt, Bundy, sub: §-1 Mg at Secy War’s Office,
23 Sep 42; Memo A, signed by all Top Policy Group
(except President) and JNW members, 23 Sep 42;
Ltr, Bush to Pauerson, 13 Oct 45. All in HB Files,
Fldr 6, MDR. DSM Chronology, 26 Sep 42, Secc.
2(e), OROO. Smyth Report, pp. 59-60.

?Sumson Diary, 23 Sep 42, HLS.
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First Measures

Acquiring the Tennesssee Site

Making a hurried departure from
the 23 September meeting at the War
Department, Groves went directly to
Union Station and caught an over-
night train for Knoxville, Tennes-
see. 1 ) The next morning
he met Colonel Marshall, who had
been rechecking the proposed site for
the project. Groves and Marshall
spent the day going over the site as
carefully and thoroughly as was prac-
ticable on existing roads. “It was evi-
dent that it was an even better choice
than [he] had anticipated.” ™
Well satisfied that the site would meet
all requirements, and knowing that
preliminary steps for acquisition were
under way, Groves telephoned Col.
John J. O’Brien of the Engineers’
Real Estate Branch to proceed at
once with formal acquisition.

The roughly rectangular site, about
16 miles long and 7 miles wide, cov-
ered substantial portions of both
Roane and Anderson Counties. It was
located approximately midway be-
tween the two county seats, Kingston
and Clinton, and about 12 miles west
of Knoxville, the nearest city. Bound-

13 Subsection based on Marshall Diary, 29-31 Jul
and 19, 23, 24, 26 Sep 42, MDR; Ltr, Robins (Act
Chief of Engrs) to CG SOS, sub: Acquisition in Fee
of Approx 56,200 Acres of Land for Demolition
Range Near Kingston, Tenn., and Inds, 29 Sep 42,
Incl to Memo, O’Brien to Lt Col Whitney Ashbridge
(CE Mil Constr Br), sub: Land Acquisition in Con-
nection With MD, 17 Apr 43, Admin Files, Gen
Corresp, 601 (Santa Fe), MDR; Groves, Now [t Can
Be Told, pp. 24-26; MDH, Bk. 1, Vol. 10, “Land Ac-
quisition CEW.” p. 2.21 and App. Fl, and Vol. 12,
“Clinton Engineer Works,” pp. 2.6-2.8, DASA;
George O. Robinson, Jr., The Oak Ridge Story (Kings-
port, Tenn.: Southern Publishers, 1950), p. 27.

" Groves, Now It Can Be Told, p. 25.
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ed on three sides by the meandering
Clinch River and on the northwest by
Black Oak Ridge, the terrain of the
site was typical of the region.
Wooded ridges, running more or less
parallel to its long axis, rose generally
about 200 feet above narrow valleys.
Of the approximately one thousand
families, most resided on farms or in
one of several small hamlets.

On 29 September, Under Secretary
of War Patterson authorized the Engi-
neers to acquire the some 56,000
acres at an estimated cost of $3.5 mil-
lion. Subsequent additions brought
the total to about 59,000 acres. On
7 October, a court-approved condem-
nation for the whole area went into
effect, and within a month the first
residents began to leave. Construc-
tion began almost immediately. Ulti-
mate acquisition of the entire site
would not be completed without
many problems, but now, at least, the
first essential step toward building the
great plants for producing fissionable
materials had been taken.!®

For security reasons earliest public
references to the site indicated it was
an artillery and bombing practice
area, and for several weeks 1t was
known as the Kingston Demolition
Range. The official designation, how-
ever, and the name that was released
to the public in late January 1943,
was the Clinton Engineer Works.
Project leaders chose the name of the
town located a few miles northeast of
the site as being least likely to draw
attention to the atomic energy activi-
ties at the site. The Clinton Engineer
Works continued to be the Tennessee

15 Land acquisition problems are dealt with in Ch.

XV
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area’s official designation as long as it
remained under Army control. In
mid-1943, when permanent housing
for the site’s growing population was
erected along Black Oak Ridge, the
townsite became known as QOak
Ridge, and this name was used as the
post office address. ¢

Procunng Uranium

Whether the Manhattan Project had
sufficient uranium ore to fulfill its
mission, Groves felt, was of para-
mount importance.!” Immediately
after his 17 September departure
from the Corps and before he official-
ly assumed his new position as Man-
hattan commander, he took steps to
ascertain the availability of uranium
to the project. Informed by Colonel
Nichols of the contracts already made

18 Knoxville Journal, 31 Jan 43; Groves, Now It Can
Be Told, pp. 25-26. Groves notes that not until es-
tablishment of the AEC in 1947 did the name Oak
Ridge become the official designation of the Tennes-
see project.

"Subsection based on Memo for File, Merritt,
sub: Foreign Sources of Material Which Should Be
Further Investigated, 23 Feb 43; Memo, Merritt to
Nichols, sub: Resume of Production of Uranium
Products for MD in Colorado Plateau Area, 26 Jan
45. Both in Admin Files, Gen Corresp, 410.2 (Ura-
nium), MDR. Rpt, Military Policy Committee to Top
Policy Group, sub: Present Status and Future Prgm
(hereafter cited as MPC Rpt), 15 Dec 42, Incl to Ltr,
Bush (for MPC) 1o President, 16 Dec 42, OCG Files,
Gen Corresp, MP Files, Fldr 25, Tab B (original of
covering letter, with Roosevelt’s approval, filed
herein), MDR. Marshall Diary, 14 Sep-15 Oct 42,
MDR. Ltr, Bush to Styer, 11 Sep 42, OSRD. Memo,
[Rubofl] to Groves, sub: Summary of Ore Contracts,
15 Feb 44, Admin Files, Gen Corresp, 161 (Afnican
Metals), MDR. Contract W-7405-eng-4 (signed by
Nichols and Sengier), 19 Oct 42, OROQO. Kenneth
D. Nichols, Comments on Draft Hist “Manhattan:
The Army and the Atomic Bomb,” Incl to Ltr, Nich-
ols to Chief of Mil Hist, 25 Mar 74, CMH. MDH,
Bk. 7, Vol. 1, “Feed Materials and Special Procure-
ment,” passim, DASA. Smyth Report, p. 66. Comp-
ton, Atomic Quest, pp. 96-97. Groves, Now It Can Be
Told, pp. 33-37.
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with Edgar Sengier of Union Miniere
and of the Bohemian Grove decision
to acquire the company’s reserve of
ore on Staten Island, Groves directed
Nichols to press the negotiations with
the mining executive.

During the previous week Colonel
Nichols, Capt. John R. Ruhoff, assist-
ant chief of the District’s Materials
Section, and officials of the Standard
Oil Development Company and the
Stone and Webster Engineering Cor-
poration had agreed that Ruhoff
should arrange for a test of the Staten
Island ore to determine the percent-
age of recoverable U3;Qs (uranium
oxide) and, on the fifteenth, Ruhoff
had secured Sengier’s release of 100
tons for shipment to Eldorado Gold
Mines’ Port Hope refinery. In the
meantime, Nichols had obtained the
necessary export licenses through the
State Department.

In follow-up negotiations with Sen-
gier on 18, 23 and 25 September,
Nichols arranged for procurement of
the Staten Island ore. The time re-
quired to work out the necessary
arrangements with both FEldorado
Gold Mines and its marketing agent,
the Canadian Radium and Uranium
Corporation, delayed signing of the
contract until 19 October. It called
for purchase by the United States of
the uranium content of 100 tons of
ore, with Union Miniere’s African
Metals retaining ownership of the
radium in the ore. Also, the United
States was to have an option to pur-
chase the remaining 1,100 tons of
uranium ore on Staten Island, assayed
at 65 percent uranium oxide, as well
as about twice that amount of ap-
proximately 20 percent ore in storage
in the Belgian Congo. Except for that
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ore shipped immediately to Port
Hope for processing (the first 100
tons reached there in November), all
Staten Island ore was to be trans-
ferred to Seneca Ordnance Depot at
Romulus, New York, for safekeeping.
Subsequent contracts covered pur-
chase of additional Congo uranium
on terms similar to those set forth in
the 19 October agreement.

Working in close consultation with
Maj. Gen. Charles P. Gross, the
Army’s Transportation chief, Manhat-
tan officials arranged for shipping the
ore from Africa by the safest and
swiftest means available. Based upon
Sengier’s  recommendations,  fast
motor ships traveling out of convoy
were employed to traverse the subma-
rine-infested South Atlantic. Because
the ore arrived at the port of New
York considerably faster than it could
be refined, it was assayed and stored
in a warehouse at Middlesex, New
Jersey, especially leased by the Army
for that purpose.8

In a move to further expedite the
uranium progam and, at the same
time, to relieve overburdened Stone
and Webster of part of its extensive
assignment, the Manhattan District as-
sumed responsibility for procurement
and preliminary refining of the ore.
Capt. Phillip L. Merritt, a trained ge-
ologist who was already on the staff,
was assigned to monitor these activi-
ties. Working under the general guid-
ance of Colonel Nichols, Merritt gave
special attention to the project’s

8 During the war only two shipments of ore, to-
taling 200 tons, failed to reach the United States—
one aboard a vessel 1orpedoed in late 1942 and the
other on a ship that sank as a result of a marine ac-
cident in carly 1943. See MDH, Bk. 7, Vol. 1, p. 2.5,
DASA.

worldwide search for possible addi-
tional sources of uranium.

Toward the end of 1942, the Eldo-
rado mine in Canada resumed oper-
ations. Meanwhile, the District made
arrangements for uranium extraction
from tailings of Colorado Plateau car-
notite ores mined originally for their
radium and vanadium content. In Jan-
uary 1943, the War Production Board
(WBP) i1ssued orders (subsequently
amended in August) that future sale
or purchase of uranium compounds
was limited to the atomic program,
except for essential military and in-
dustrial applications. Even before the
board acted, Manhattan’s Military
Policy Committee had reported opti-
mistically to the President that the
project had “either in hand or on the
way, sufficient uranium for the entire
program up to and including military
use,” 19

Obtaining Priority Ratings

In June 1942, President Roosevelt
had endorsed a recommendation by
the Top Policy Group that the atomic
energy program should be assigned
the highest priorities to facilitate pro-
curement of the tools and materials
required to produce an atomic
bomb.2% Yet, by September, as

19 MPC Rpt, 15 Dec 42, MDR.

26 Except where indicated, discussion of priorities
hased on MDH, Bk. I, Vol. 9, “Priorities Program,”
DASA, with many of the basic documents relating to
the priorities problem reproduced in App. A. Ibid.,
p. 2.5 and App. B1, DASA; Lir, Weaver {(Resources
Div Dir, SOS) to Groves, sub: Special Priorities Au-
thority for Dist Engr, 26 Sep 42, copy in ibid., App.
A5, DASA; Memo, Marshall to All Area Engrs, sub:
Requests for Out-of-line Ratings, 16 Oct 42, copy in
ibid., App. A12, DASA; Marshall Diary, 17, 19, 26
Sep and 1 Oct 42, MDR; Memo, Johnson to Groves,
sub: Current Events, 30 Sep 42, Admin Files, Gen

Continued
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Groves assumed overall administra-
uve leadership of the project, it was
evident that the AA-3 base rating
Colonel Marshall had secured in July
was not going to be adequate to
ensure the uninterrupted develop-
ment of the atomic program. Conse-
quently, following consultation with
General Styer, Groves moved imme-
diately to obtain for the project the
priority rating he believed was essen-
tial for 1ts successful continuation.

Both generals had decided to seek
broad authority for the District to
1ssue an AAA priority whenever there
was a need to break a bottleneck.
When Groves called on WPB Chair-
man Donald Nelson on 19 Septem-
ber, he had with him the draft of a
brief letter—addressed to himself and
to be signed by Nelson—in which he
had incorporated the idea of assign-
ing the desired AAA authority to the
project. As Groves later recalled, Nel-
son’s first reaction was negative; how-
ever, when the general threatened to
take the matter to the President, the
chairman changed his mind. Whether
or not other pressure already had
been brought to bear on Nelson 1is
not known, but he did agree to sign
the letter as Groves had written it.

I am in full accord [it read] with the
prompt delegation of power by the Army

Corresp, 319.1, MDR; DSM Chronology, 26 Sep 42,
Sec. 2(e), OROQO; Groves, Now It Can Be Told, pp.
22-23; MPC Rpt, 15 Dec 42, MDR; Groves, S-1 Ex
Committee Mtg (hereafter cited as MPC Min—actual
summaries of actions required and decisions
reached at MPC meetings), 5 Feb 43, OCG Files,
Gen Corresp, MP Files, Fldr 23, Tab A, MDR;
Memo, Weaver to Chief of Engrs, sub: Priority
Raung ftor MD, 22 Mar 43, Admin Files, Gen Cor-
resp, 322.011 (LC), MDR; Memo, Denton, ASF, 10
Chief of Engrs, Aun: Groves, sub: MD, | Jul 44,
Admin Files, Gen Corresp, 400.1301 (Priority),
MDR.
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and Navy Mumtions Board [ANMB]
through vou to the District Engineer,
Manhattan District, to assign an AAA
rating, or whatever lesser rating will be
sufficient, to those items the delivery of
which, in his opinion, cannot otherwise
be secured in tume for the successful

prosecution of the work under his
charge.2!
On 26 September, the ANMB

issued the District a blank check to
assign the AAA priority. But General
Weaver, senior Army representative
on the ANMB, warned Groves that
use of this AAA authority must not
interfere unnecessarilly with other
high-priority programs and that, with
each use of the rating, a written
report must be submitted within a 24-
hour period. That same day, at his
first meeting with the S-1 Executive
Committee, Groves explained to the
group that the AAA priority would
not be used for the entire project, but
only when progress would be unduly
delayed by employment of any lower
rating. And to ensure retention of
AAA authority, an AA-3 or lesser pri-
ority would be utilized whenever pos-
sible. Before adjourning, the confer-
ces agreed that the OSRD would con-
tinue to deal with its own priority
problems as far as possible, with the
Army lending assistance when neces-
sary, and that the Washington Liaison
Office of the Manhattan District
would handle the general administra-
tion and coordination of priontes for
all future procurement for the atomic
project.

Now that the District had AAA au-
thority as a backup to overcome pro-
curement obstacles, both Groves and

2 Ltr, Nelson to Groves, 19 Sep 42, OCG Files,

Gen Corresp, MP Files, Fldr 25, Tab B, MDR.
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Styer believed that development of
the atomic program could continue
with the AA-3 base rating. By 1943,
however, the project’s unfolding re-
quirements revealed that for even
routine procurement the AA-3 rating
was inadequate and the AAA rating
unnecessarily high. To remedy this
situation, Groves wrote to General
Weaver in early February and re-
quested that the District’s priority
“authority given in [the] letter of Sep-
tember 26, 1942 be amplified to in-
clude use of AA-1 and AA-2 rat-
ings.” 22 Although the Nelson letter
had referred to the use of lesser rat-
ings than AAA whenever these would
suffice, the fact that the Joint Chiefs
of Staff had forbidden use of AA-1 or
AA-2 for construction projects had
ruled out their earlier use by the Dis-
trict. Weaver officially responded on
22 March, upgrading the rating of
AA-3 to AA-2X—a new priority cre-
ated to provide supplies and services
for urgent foreign and domestic in-
dustrial programs.

Groves, however, still was not satis-
fied and, in the months that followed,
continued to press ANMB officials to
assign the maximum AA-1 base
rating. Time passed, but the general
persisted in order to achieve his ob-
jective. Finally, on 1 July 1944, the
District received AA-1 authority.

Following District policy, the Wash-
ington Liaison Office was to use the
lowest rating that would bring about
the required delivery of materials. But
to counter the threat from other
urgent wartime programs during the
District’s massive procurement and

22 Ltr, Groves to Weaver, sub: Out-of-line Ratings,
7 Feb 43, copy in MDH, Bk. 1, Vol. 9, App. 7,
DASA.
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construction phase between 1943 and
early 1945, the officer assigned emer-
gency priorities at the AAA level for
more than $77 million worth of
orders. At times, the Manhattan
Project was using more AAA ratings
than the combined total for all other
Army and non-Army programs. Yet,
through the exercise of discretion,
Groves and his staff were able to
avoid not only strong criticism of
their actions but also attempts to
revoke the District’s AAA authority.
Groves’s success in obtaining the suc-
cessive advances in the priority status
of the Manhattan Project ensured
that, despite occasional problems and
annoyances, procurement needs for
the atomic program were met.

Establishment of Los Alamos

In the late summer of 1942,
J. Robert Oppenheimer, the Univer-
sity of California physicist who was di-
recting the theoretical aspects of de-
signing and building an atomic bomb,
became convinced a change was
needed. Studies under his direction
had been going on in various institu-
tions that were equipped for fast-neu-
tron studies. Now Oppenheimer and
his associates felt that further
progress could be best achieved by
concentrating everything in one cen-
tral laboratory devoted exclusively to
this work. Taking this step would not
only eliminate waste and duplication,
but it would also permit a freer ex-
change of ideas and provide for the
centralized direction of all work, in-
cluding studies of chemical, engineer-
ing, metallurgical, and ordnance
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problems that so far had received
little or no attention.23

Groves first met Oppenheimer in
early October while on his initial trip
to familiarize himself with the atomic
programs at the Universities of Chi-
cago and California (Berkeley). The
general heard a report from Oppen-
heimer on the eighth and the two
men hit it off at once. Groves was in-
terested in Oppenheimer’s proposed
central laboratory and, a week later
when the two met again with Marshall
and Nichols on a Chicago-New York
train, Groves asked Oppenheimer to
come to Washington, D.C., to explore
the idea. There, they talked with
Arthur Compton and Vannevar Bush,
and on 19 October Groves approved
the decision to establish a separate
bomb laboratory. Pleased with what
had been accomplished and confident
that Groves’s support in this step
would “‘bear good fruit in the future,”
Oppenheimer left immediately for
Boston to brief Conant at Harvard,
where the latter held the post of uni-
versity president.2#

Oppenheimer and Compton had
spoken of placing the laboratory at
the Tennessee site, or possibly n
Chicago, but neither they nor General
Groves were satisfied with these
choices. For this most secret part of
the secret Manhattan Project i1solation
and inaccessibility were most essen-
tial, and neither the Clinton Engineer

B Testimony of Oppenheimer in Oppenheimer Hear-
ing, pp. 12 and 28; Smyth Report, p. 74.

“Quotation from Lir, Oppenheimer to Groves,
19 Oct 42, Admin Files, Gen Corresp, 322 (Los
Alamos), MDR. Sce also Testimony of Oppen-
heimer in Oppenheimer Hearing, p. 28; Nichols, Com-
ments on Draft Hist “Manhattan,” Incl to Ltr, Nich-
ols to Chief of Mil Hist, 25 Mar 74, CMH; Marshall
Diary, 15-16 Oct 42, MDR; Groves Diary, Oct 42,
LRG; Groves, Now It Can Be Told, p. 61.
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Works nor Chicago offered these. In
addition to the obvious requirements
of a climate that would permit year-
round construction, safety from
enemy attack, ready transportation,
and access to power, fuel and water,
there were several other important
considerations. The site would have
to provide an adequate testing
ground; it should be in a sparsely
populated area, for reasons of safety
as well as security; the land should be
relatively easy to acquire; and it
should already have suthcent build-
ings to house most of what was antici-
pated would be a comparatively small
staff.2®

Groves briefly considered two other
sites. One near Los Angeles, he re-
jected on security grounds; the other,
near the California-Nevada border, on
the east side of the Sierra Nevada in
the vicinity of Reno, he found unsatis-
factory because 1t was too inaccessible
and heavy snows would interfere with
winter operations. He agreed with
Oppenheimer that the region around
Albuquerque, New Mexico, seemed to
offer the most attractive possibilities.
Oppenhemmer owned a ranch in this
vicinity, and his general knowledge of
the countryside contributed consider-
ably to making an accurate appraisal
of the area. Air and rail service to Al-
buquerque were excellent; the climate
was moderate throughout the year;

25 Paragraphs on selection of bomb laboratory
site based on Groves, Now It Can be Told, pp. 63-67;
MDH, Bk. 8, Vol. 1, “General,”” Sec. 2, DASA; Rpt,
U.S. Engrs Office, Albuquerque Dist, sub: Proposed
Site for Mil Proj at Los Alamos Ranch School,
Otowi, N.Mex., 23 Nov 42, Admin Files, Gen Cor-
resp, 600.03, MDR; Groves Diary, Nov 42, LRG;
Testimony of Oppenheimer in Oppenkeimer Hearing,
pp- 12 and 28; Interv, Author with Edwin M. McMil-
lan (Rad Lab, Univ of Calif at Berkeley), 8 Jul 64,
CMH.
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and the area was not only isolated but
also sufficiently far inland from the
West Coast to be beyond any serious
danger from the by now remote pos-
sibility of Japanese interference.

At the end of October, Maj. John
H. Dudley, one of Colonel Marshall’s
assistants who was familiar with the
general area, made some preliminary
surveys. He recommended a site at
Jemez Springs, about 50 miles north
of Albuquerque. (See Map 2|) Engi-
neers from the Albuquerque Distnict
surveyed the site and, on 16 Novem-
ber, Groves met Oppenheimer and
several others for a personal inspec-
tion of the area. They soon conclud-
ed, however, that the Jemez Springs
site would not do; the land would be
difficult to acquire and the nature of
the terrain would prevent later expan-
sion of the installation.2é

Sull hoping to find a suitable loca-
tion in this general area, Groves and
the others drove east and slightly
north toward the tiny settlement of
Los Alamos. This community, atop a
high, level tableland, actually consist-
ed of little more than the Los Alamos
Ranch School for Boys. Otherwise the
area was virtually uninhabited, with
the nearest town located some 16
miles away. The school buildings and
the complete isolation of the site were

26 Account of inspection of sites in Los Alamos
area based primarily on Groves, Now It Can Be Told,
pp. 65-67, and Testimony of Oppenheimer in Op-
penheimer Hearing, p. 28. Another member of the in-
spection party was Edwin M. McMillan, a physicist
on the faculty at the University of Cabfornia, Berke-
ley, and a long-time associate of Oppenheimer. As
McMillan recalled, he, Oppenheimer, and Dudley
had gone on horseback to the Jemcz Springs area
earlier in the day and then had been joined by
Groves in the afternoon. McMillan had been a guest
at Oppenheimer’s ranch on carlier occasions and
was therefore generally familiar with the Los
Alamos area. See McMillan Interv, 8 Jul 64, CMH.
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arguments in its favor. There ap-
peared to be sufficient water, if the
supply were carefully used, and all
other characteristics seemed satisfac-
tory. The only question was how will-
ing the owners of the school would
be to give it up to the Army. If they
seriously opposed government acqui-
sition, the resultant publicity would
run counter to the secrecy desired by
the project leaders.

While Groves and Oppenheimer
headed back to Washington, D.C,,
Dudley and engineers of the Albu-
querque District began a formal
survey of a proposed site at Los
Alamos. The desired area consisted of
about 54,000 acres in Sandoval
County, somewhat more than 20
miles airline distance northwest of
Santa Fe, of which all but about 8,000
acres was 1n national forest land al-
ready owned by the United States
government. Grazing lands and the
Los Alamos Ranch School comprised
the rest of the area. Because the
school was having some difficulty get-
ting instructors during the war and
was In serious financial trouble, the
owners were willing to sell. As for the
grazing lands, there appeared to be
no problem in acquiring them.

Even before the reports of this
survey came in, General Groves had
called a meeting in Washington to
confer about the site with Oppen-
heimer, as well as with two of his sci-
entific colleagues from California,
Ernest Lawrence and Edwin McMil-
lan, and with Arthur Compton. Then,
on 23 November, with the reports in
hand, Oppenheimer, Lawrence, and
McMillan again inspected the area
with Major Dudley and made recom-
mendations on possible locations for
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laboratories and housing. “Lawrence
was pleased by the site,” Oppen-
heimer reported to Groves, “and so,
again, were we.”’ 27

And so, again, was Groves. Two
days later he approved the Los
Alamos site and began steps to ac-
quire the land. Right of entry to the
heart of the site had already been ob-
tained from the school director and,
although the actual legal acquisition
would take several months, Groves
was able to authorize the Albuquer-
que District to proceed with construc-
tion on 30 November. The whole
business was carried out, to use Op-
penheimer’s words, “with unbeliev-
able dispatch.” 28

27 Ltr, Oppenheimer to Groves, 23 Nov 42,
Admin Files, Gen Corresp, 600.1 (Santa Fe), MDR.
28 Memos, Groves to Albuquerque Dist Engr, sub:
Proj Constr at Los Alamos, N.Mex., 30 Nov 42, and
Groves to SWD Div Engr, sub: Constr in Vic of Al-
buquerque, N.Mex., 30 Nov 42, Admin Files, Gen

As with the Clinton Engineer
Works, the Los Alamos site in the be-
ginning also was referred to, for secu-
rity reasons, as a demolition range—a
somewhat ironic reference for a labo-
ratory where an atomic bomb would
be built. The site also had several
names, the most common being Site
Y, Project Y, Zia Project, Santa Fe, or
simply, Los Alamos, its official title
and the name by which it would be
most widely known in the future.2®

Corresp, 600.1 (Santa Fe), MDR; Ltr, Robins (Act
Chief of Engrs) to CG SOS, sub: Acquisition of
Land for Demolition Range at Los Alamos, N.Mex.,
25 Nov 42, Incl to Memo, O’Brien to Ashbridge,
sub: Land Acquisition in Connection with MD, 17
Apr 43, MDR; MDH, Bk. 8, Vol. 1, Secs. 2-3,
passim, DASA. Quoted words from Testimony of
Oppenheimer in Oppenheimer Hearing, p. 28. For de-
tailed account of land acquisition at Los Alamos see
[Ch—XV]

29 Memo, Groves to CG SOS, sub: Activation and
Administration of Los Alamos, 27 Feb 43, Admin
Files, Gen Corresp, 319.2 (Los Alamos), MDR.
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Once the choice of Los Alamos had
been made, events moved swiftly.
“The last months of 1942 and early
1943,” recalled Oppenheimer later,
“had hardly hours enough to get Los

Alamos established.” 30  Vigorously
supported by Groves, Compton,
Conant, and others, Oppenheimer

launched an extensive recruitment
program. He traveled all over the
country, urging scientists of recog-
nized ability to join the new laborato-
ry. Restricted to revealing only what
was absolutely necessary about the
project, Oppenheimer faced no easy
task trying to arouse the interest of
scientists, technicians, and mechanics
in the program, in indicating its sense
of urgency, and in persuading them
to sign up for work at a military post
in the middle of the New Mexico
desert, where they and their families
might have to remain isolated for the
duration of the war. Nevertheless, he
was highly successful in these efforts.
Recruits from Princeton, Chicago,
California, Minnesota, Wisconsin, and
other universities joined the program,
the first contingent arriving at Los
Alamos with Oppenheimer in March
1943, long before construction at the
site was completed.

With the university scientists came
their equipment: a cyclotron from
Harvard, two more particle accelera-
tors from Wisconsin, another from II-
linois. Locating and securing this es-
sential equipment was difficult
enough; shipping it to New Mexico
was an additional problem. “Every-
body,” Oppenheimer later recalled,
“arrived with truckloads of junk and

30 Testimony of Oppenheimer in Oppenheimer
Hearing, p. 12. This and following paragraph based
on ibid., pp. 12-13 and 28-29; Smyth Report, p. 151;
Compton, Atomic Quest, p. 130.
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equipment.” Under a contract with
the University of California, erection
of the first cyclotron began at Los
Alamos in mid-April, and the first ex-
periment was performed early in July.
Already, Oppenheimer continued,
“we were finding out things that
nobody knew before.” 3!

Los Alamos was officially activated
as a military establishment on 1 April
1943, with Oppenheimer as its scien-
tific chief and Col. John M. Harman
as its military head. It was unique
among Manhattan Project installa-
tions in that it was established as a
separate organization, directly re-
sponsible to General Groves. It came
under the district engineer only for
routine administrative matters. As its
civiian director, Oppenheimer had
broad authority and administrative re-
sponsibility. In charge of all scientific
work as well as “the maintenance of
secrecy by the civilian personnel
under his control,” 32 he was respon-
sible only to Groves and Conant. This
arrangement relieved Compton and
the Metallurgical Laboratory of the
responsibility for bomb design and
construction and left them free to
concentrate on plutonium production.
The relations between Oppenheimer
and Colonel Harman were based on
close cooperation, rather than con-
trol. Harman, who also reported to
Groves, had little or nothing to do
with scientific matters. His primary
responsibility was to oversee Los

31 Quoted words from Testimony of Oppenheimer
in Oppenheimer Hearing, p. 29. See also Memo, Op-
penheimer to Groves, 7 Nov 42, and Styer corre-
spondence with Univs of Ill and Wis, Admin Files,
Gen Corresp, 400.12 (Equipment), MDR.

32Lur, Conant and Groves to Oppenheimer, 25
Feb 43, Admin Files, Gen Corresp, 600.12 (Los
Alamos), MDR.
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Alamos as a military reservation, in-
cluding those housekeeping and
guard functions necessary to support
Oppenheimer’s program.33

The other major element in the ad-
ministration of Los Alamos was the
prime contractor, the University of
California. Under a War Department
contract, its role was largely to
provide business management and
technical procurement. For reasons of
security, the university had no repre-
sentative at Los Alamos with authority
comparable to that of Oppenhemier
or Colonel Harman.

Project leaders wanted to make the
work and the living conditions at Los
Alamos as attractive as possible; how-
ever, for reasons of security and
safety, General Groves wished to
maintain as much control as he could
over the scientists. One idea he fa-
vored was to put key civilians in uni-
form as army officers. This plan
seemed attractive to Oppenheimer
but aroused strong opposition from
many of the other scientists. The Mili-
tary Policy Committee finally agreed
to drop the idea for the period of ini-
tial experimental studies, but insisted
that the scientific and engineering
staff be composed entirely of commis-
sioned officers when final experi-
ments and the construction of the
bomb began. Yet, when this time ar-

3 Except where noted, this and following para-
graphs based on ibid.; Memo, Groves to CG SOS,
sub: Activation and Administration of Los Alamos,
25 Feb 43, MDR; Testimony of Oppenheimer and
Groves in Oppenheimer Heanng, pp. 28 and 171-72;
Compton, Atomic Quest, pp. 129-30; Memo, Marshall
to Groves, sub: Major MD Contracts, 27 Apr 43,
Admin Files, Gen Corresp, 161, MDR (also see
WD-Univ of Calif Contract W-7405-eng-36,
20 Apr 43, LASL); MDH, Bk, 8, Vol. 2, “Techni-
cal,” pp. 1.5-1.6, II1.6, App. 7, DASA; MPC Min, 5
Feb 43, MDR. Seefor further discussion

of the administrative organization at Los Alamos.
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rived, Project Y had grown so large
that the plan was dropped as being
impractical and unnecessary.

The most important personnel
problem at Los Alamos was choice of
a scientific director, and Oppen-
heimer’s appointment was no simple
matter. While he had been the leader
of the group studying the theoretical
aspects of constructing atomic bombs,
the Los Alamos program was to be a
practical operation, and carrying it
out would require considerable ad-
ministrative and organizational abili-
ties. The chiefs of the three other
major  Manhattan  laboratories—
Compton, Lawrence, and Urey—were
all Nobel Prize winners. Oppenheimer
was not, and there was some feeling
among the scientists that this might
disqualify him as head of the Los
Alamos Laboratory. General Groves,
while impressed with Oppenheimer’s
great intellectual capacity, also was
not entirely certain. Bush and Conant
shared his hesitation; Lawrence,
Compton, and Urey all indicated
some reservations.

Nevertheless, a tentative decision in
favor of Oppenheimer appears to
have been made quite early, because
neither Lawrence nor Compton—the
only other candidates—could be
spared from his own vital project. Op-
penheimer’s appointment as “Scien-
tific Director of the special laboratory
in New Mexico’’ was formalized on 25
February in a letter to him from
Groves and Conant; * it did not,

% Quotation from Ltr, Conant and Groves to Op-
penheimer, 25 Feb 43, MDR. See also Groves, Now
It Can Be Told, pp. 60-64; Compton, Atomic Quest, p.
129; Testumony of Bush in Oppenheimer Hearing, pp.
560-61; Ltr, Conant to Groves, 21 Dec 42, Admin
Files, Gen Corresp, 334 (Postwar Policy Committee-

Continued
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however, become final until mid-July
because of security clearance prob-
lems. As was well-known to most of
the project leaders, Oppenheimer had
an extended history of supporting
Communist-front organizations and
causes and of association with Com-
munists and fellow-travelers. Only
through direct action by Groves was
Oppenheimer, who was already at
work in Los Alamos, finally cleared.3

Manhattan Project Organization
and Operation

With the establishment of Los
Alamos on 1 April 1943, the basic
structure of the Army’s organization
for administering the atomic bomb
program was essentially completed. In
the months that followed, detailed
and sometimes substantial changes
were made in that organization.® For
example, in mid-August, the Manhat-
tan District moved from its temporary
location in New York to permanent
quarters at Oak Ridge, and Colonel

Chicago), MDR; Leslie R. Groves, Comments on
Draft Ms “Now It Can Be Told: The Story of the
Manhattan Project,” LRG; Interv, British writer
Hailey with Groves, 13 Dec 57, LRG.

35for full story of the security investi-
gation and clearance of Oppenheimer.

3¢Subsection based on Org Charts, U.S. Engrs
Office, MD, 27 Jan, 1 and 30 Apr 43, OROO; Org
Charts, U.S. Engrs Office, MD, 15 Aug and 1 Nov
43, 15 Feb, 1 Jun, 28 Aug, and 10 Nov 44, and
26 Jan 45, Admin Files, Gen Corresp, 020 (MED-
Org), MDR; Gen Corresp, Dist Engr to MD Subor-
dinates, Sep 42-late 43, OROO [e.g., see Memo, Lt
Col Thomas T. Crenshaw (Mat Sec chief) to Dist
Engr, sub: Org Chart, 13 Nov 42, and Memo, Lt
Col Robert C. Blair (Ex Off, Engr and Opns, MD)
to Dist Engr, sub: Proposed Org for Maint and Opn
of Gen Facilities, 22 Jan 43]; Interv, Fine and Rem-
ington (Hist Div, OCE) with Marshall, 19 Apr 68,
CMH; Interv, Stanley L. Falk and Author with
Charles Vanden Bulck and Capt W. R. McCauley,
22 Jun 60, CMH; MDH, Bk. 1, Vol. 1, “General,”
pp- 3.13-3.21, DASA; Groves, Now It Can Be Told,
pp- 2 and 27-32.
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Nichols, the deputy district engineer,
replaced Colonel Marshall as district
engineer when the Corps of Engi-
neers reassigned Marshall to a post
where he might receive his long over-
due promotion to the rank of briga-
dier general.3” But these subsequent
changes in key personnel and in the
location of certain elements would
not significantly affect the basic struc-
ture of the Manhattan Project, the term
that by mid-1943 most accurately de-
scribed the Army’s overall administra-
tive organization for the atomic bomb
program.

The administrative elements that
comprised the Manhattan Project

37 Marshall's new assignment was as commanding
officer, Engineer Replacement and Training Center,
Camp Sutton, N.C., with the rank of brigadier gen-
eral. He remained in this assignment only until No-
vember 1943, when he went overseas (o the South-
west Pacific Area (o serve in a variety of positions in
Australia, New Guinea, and the Philippines (Decem-
ber 1943 o February 1945). Marshall had first sug-
gested to Groves that he be relieved as district engi-
neer of the Manhattan District at the end of 1942,
after realizing that Groves was not going to function
simply as a liaison officer in Washington, D.C., but
intended to take a very direct and active role in the
detailed administration of the District. Marshall later
recalled he thought having two senior and experi-
enced engineer officers exercising the command
function was unnecessary duplication. Furthermore,
Marshall, who was senior to Groves in permanent
Regular Army rank, realized his own chances of pro-
motion to general officer rank were remote as long
as he remained in a subordinate position under
Groves. Groves, however, responded negatively to
Marshall’'s request, stating he felt that he must have
an officer of Marshall’s expenence and capabilities
in the key district engineer position. Thus, Marshall
resigned himself to serve as district engineer for the
duration of the project; however, in August 1943,
Groves unexpectedly informed him that his request
for relief had been approved. For further details on
Marshall’s relief and reassignment see Marshall
Interv, 19 Apr 68, CMH; Marshall Diary, 19 Sep 42,
MDR,; and Groves, Now It Can Be Told, p. 29. In his
account of Marshall's reassignment, Groves errs in
stating that Marshall was relieved for an immediate
“kev assignment overseas,” overlooking Marshall’s
intervening assignment to command Camp Sutton.
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MaNHATTAN PROJECT EMBLEM
(unofficial, circa 1946)

were divided into two major catego-
ries: those that functioned as integral
elements of the Manhattan District
and those that operated outside the
structure of the District, mostly in the
area of high-level policymaking or in
the executive direction of the atomic
project (Chart 1). The central element
in the high-level administrative hierar-
chy of the Manhattan Project was
General Groves’s personal headquar-
ters. The headquarters organization
consisted of only a very small group:
Groves; Mrs. Jean O’Leary, his secre-
tary who served as his administrative
assistant in lieu of an executive offi-
cer; and several clerical employees.38
Shortly after becoming Manhattan
commander, and knowing from expe-
rience that any effort on his part to
expedite important project activities
would require access or negotiations
with government agencies and ofh-
cials, Groves decided to locate his
personal headquarters in rooms adja-
cent to those already occupied by the
Manhattan District’s Washington Liai-

32 Through most of the war, the headquarters or-
ganization remained small. Then in 1945, in antici-
pation of employment of atomic bombs against
Japan, Groves enlarged it to include a public infor-
mation group.
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son Office in the New War Depart-
ment Building on Virginia Avenue, a
few blocks from the White House.
Considered at first to be temporary,
time proved that location especially
well suited to the project’s need, and
Groves’s office remained there for the
duration of the Army’s administration
of the atomic bomb program.

When Groves replaced Marshall as
the Army’s project director, the Engi-
neers chief pointedly removed himself
from any further administrative re-
sponsibility for the program. Although
the Corps of Engineers continued to
assist the project, the latter functioned
as a basically independent organiza-
tion, with the Manhattan commander
having responsibility to the Army
Chief of Staff and Secretary of War
and through them to the President.

Committees continued to play an
important role in guiding, advising,
and instructing the Army administra-
tors of the project and, to some
extent, limiting their authority. Begin-
ning in late 1942, the group most in-
volved in providing guidance for the
day-to-day administration was the
Military Policy Committee, which de-
rived its authority for policymaking
from the Top Policy Group. Although
the group never formally convened, it
continued, as during the OSRD
period, to review and ratify all major
policies and decisions relating to de-
velopment and employment of atomic
energy for military purposes in World
War II. The OSRD S-1 Executive
Committee also continued to function
as an advisory group until the transfer
of most atomic activities from the
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OSRD to the Army was completed in
mid-1943.39

Responsibility for execution of the
plans, policies, and decisions made by
the various advisory groups of the
Manhattan Project devolved first
upon General Groves and through

39 Subsequently, three other advisory groups con-
tributed significantly to administration of the
project. These were the Combined Policy Commit-
tee (CPC), formed in late 1943, which was con-
cerned with collaboration and exchanges of infor-
mation on atomic matters with the Britsh and Cana-
dian governments; the Combined Development
Trust (CDT), established in June 1944, which was
involved in the international aspects of procure-
ment, supply, and control of uranium and thorium
ores; and the Interim Committee (IC), organized in
May 1945 by the Secretary of War with approval of
the President to advise on postwar control of atomic
energy at home and abroad, on release of informa-
tion to the public, and on employment of the bomb
against Japan. for a detailed discussion
on the establishment and work of the CPC,
on the CDT, and[Ch_XXVI]on the IC.

him upon the Manhattan District.
Groves, as officer in charge of the
atomic bomb program for the Army,
exercised command authority over
the District, but he was not its chief
executive officer. That position was
held by the district engineer, who re-
ported to Groves.

The district engineer presided over
an organization that was, as it
emerged in mid-1943, similar in many
respects to the engineer districts that
had been formed by the Corps of En-
gineers in the past to carry out special
assignments . Its administra-
tive elements were grouped into two
major categories: operating units,
which were involved primarily in the
day-to-day monitoring of contractor
operations; and staff umnits, which
were engaged in overseeing and pro-
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viding services. In both types of units,
military personnel headed virtually all
administrative elements down to the
section level, although many of the
District employees filling positions
that required special knowledge or
training were civil service workers.
The chiefs of each of these units re-
ported directly to the district engi-
neer, who funcuoned with the assist-
ance of a small headquarters group
comprised of an executive officer, two
administrative assistants, and legal
and medical advisers.

Operating units, each headed by a
unit chief or an area engineer, were
formed to monitor each of the major
contractor-operated activities. The
number and precise character of these
operating units varied considerably
due to the quantity and type of con-
tract operations under District super-
vision. Thus, in the early period of
the District’s operation the units con-
formed to the emphasis on construc-
tion activities, whereas later they re-
flected the shift to plant-operating ac-
tivities. By the time of the District
headquarters move in August 1943
from New York City to Oak Ridge,
five major operating units—Madison
Square Area, Hanford Engineer
Works, Clinton Engineer Works, New
York Area, and Special Products—had
been established.

The elements concerned with over-
seeing project operations and services
were divided among seven major staff
components: the Y-12 (electromag-
netic), K-25 (gaseous diffusion), X-10
(plutonium), and P-9 (heavy water)
unit chiefs; and the Technical, Service
and Control, and Administrative Divi-
sions. The four umit chiefs were re-
sponsible for the overall supervision
of the construction and operations
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phases of the production processes.
The Technical Division had responsi-
bility for the major contractor-operat-
ed research and development pro-
grams at Columbia and the Universi-
ties of California (Berkeley), Chicago,
and Rochester; 4 the Service and
Control Division, for control func-
tions, intelligence and security mat-
ters, labor relations, safety, and mili-
tary personnel; and the Administra-
tive Division, for procurement and
contracts, fiscal matters, civilian per-
sonnel, priorities and materials, corre-
spondence and the library, classified
files and mail and records, and the
District’s Washington Liaison Office.
Additionally, the latter division pro-
vided the Los Alamos Laboratory with
specified routine services.

With the rounding out of the
Army’s organization for administra-
tion of the American atomic energy
program 1n mid-1943, General
Groves and his District staff were in a
much firmer position to convert the
OSRD-inherited research and devel-
opment organization into an industri-
al complex for producing fissionable
materials for atomic weapons. During
the months that followed, the Army
had to make further internal reorgani-
zations to meet the new requirements
resulting from the shift from plant
construction to plant-operating activi-
ties and the addition of new facili-
ties.*! But with Groves at the helm,

40 In early 1943, Groves selected Professor Staf-
ford L. Warren of the University of Rochester to
direct a medical research program on the effects of
radiation. |S XX

1 While from mid-1943 until the end of World
War II the basic pattern of the Manhattan District’s
administrative  organization remained relatively
fixed, the district engineer in 1944 established new

Continued
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carrying out the Military Policy Com-
mittee’s decisions and overcoming

: THE ARMY AND THE ATOMIC BOMB

seemingly insurmountable obstacles,
the atomic project moved ahead.

operating units for specific functions—for example,
to administer divisions charged with supervising op-
eration of community and site facilities in Tennes-
see, to supervise construction and operation of the
third major production plant (thermal diffusion),
and to expedite production in all of the project’s
major plants. He also abolished the staff unit’s Serv-
ice and Control and Technical Divisions, placing
part of their functions in the Administrative Division
(for example, labor relations) and shifting the rest
into special staff elements that reported directly to

him. Thus, by late 1944, the special staff included
control, research control, safety, and historical
record sections, medical and naval detachment ele-
ments, a public relations and special services office,
a legal adviser, a district inspector, and a special as-
signments officer (cover designation for officer re-
sponsible for liaison with Canadian atomic program
officials). Not on the special staff but functioning as
units in the District headquarters were intelligence
and security, patents, fire protection, and liaison
elements in Washington, D.C.
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CHAPTER V

Organizing for Production

In June 1942, the Army took its
first step to form a production organi-
zation for the manufacture of fis-
sionable materials with negotiation of
an AEM (architect-engineer-manager)
agreement with the Stone and Web-
ster Engineering Corporation of
Boston; however, as the complexity of
the AEM job became evident in the
following months, attempts were
made to involve a number of other
leading American industrial and con-
struction firms. The Army’s task of
getting the skilled manpower and
technical know-how required to
produce fissionable materials in quan-
tities sufficient to fabricate atomic
weapons was not easy. It was compli-
cated greatly by the absolute necessity
for speed, which meant that contracts
had to be let before the customary
preliminary plans and technical data
were available. This lack of specific
information—blueprints, specifica-
tions, and similar data—was an added
handicap because many of the scien-
tific and technical processes involved
were virtually unknown in industrial
circles. Also, because many industrial
organizations already had committed
most of their resources to war pro-
duction, the managers and engineers
of these organizations were reluctant
to take on additional responsibilities

for a project of such unusual and un-
certain character. The Army therefore
was faced with the problem of some-
how convincing them that the success
of the program was so crucial to the
outcome of the war they simply could
not refuse to participate.

Plutonium Project

The question of who should have
responsibility for carrying through the
plutonium program to the production
stage had been a matter of contro-
versy for some time at the Metallurgi-
cal Laboratory.! Some of the scien-
tists had proposed that they them-
selves direct the design, development
and engineering, and construction of
the plutonium plant. Metallurgical
Laboratory Director Arthur Compton,
who early in his career had worked as
an employee and consultant for large
electrical companies, knew that this
proposal ran counter to the proce-
dure customarily followed in Ameri-
can industry, namely, the assigning of
research, development, and produc-
tion to separate departments—a prac-

! Paragraphs on the Metallurgical Laboratory
based on Compton, Atomic Quest, pp. 108-10;
Groves, Now It Can Be Told, pp. 44-46; DSM Chro-
nology, 25 Jun 42, Sec. 2(e), OROO; Hewlett and
Anderson, New World, p. 184.
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tice that experience had shown gener-
ally brought the most efficient results.
He suggested that time would be
saved by securing an experienced in-
dustrial firm already accustomed to
carrying out large-scale projects, leav-
ing the research to the Metallurgical
Laboratory staff.

The staff’s reaction, he recalled
later, ‘“was a near rebellion.” 2 The
younger scientists pointed out that
they had demonstrated their ability to
supervise development of processes
to the stage of large-scale production
by the success they had so recently
achieved in increasing the output of
pure uranium metal and graphite.
After having contributed so much to
its initiation and development, they
wanted to see the plutonium program
through to final fulfillment. And sol-
idly backing them were those labora-
tory scientists who had been born and
educated in Europe. Most of them
were inclined to suspect the motives
of large industrial firms. Also, most
had a more extensive knowledge of
engineering techniques than their
American counterparts learned as a
regular part of their scientific
training.

By early summer of 1942, progress
in research required that a decision
soon be reached. Compton assembled
some seventy-five members of his re-
search and administrative staff to
agree on a plan of organization. It
soon became apparent they were not
going to reach a consensus, so Comp-
ton announced he would proceed
without their approval. At the OSRD
S-1 Executive Committee meeting of
25 June, Compton supported the de-
cision to assign AEM responsibility

2 Compton, Atomic Quest, p. 109.
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for the plutonium as well as the other
processes to Stone and Webster.
Although the S-1 Committee had
suggested that the University of Chi-
cago might operate the pilot facility
to be built in the Argonne Forest area
southwest of the city, no action had

yet been taken. In mid-August,
Compton urged Colonel Marshall that
an operator should be selected

promptly as construction of this unit
was about to begin. He also pointed
out that the operator of the Argonne
chemical facility probably would have
responsibility for the separation works
of the main plutonium plant; there-
fore, the operator’s engineering and
design personnel should have an op-
portunity to observe construction of
the plant at Argonne.

As possible operators, Compton
recommended that Marshall approach
E. 1. du Pont de Nemours Company,
Standard Oil Development Company,
or Union Carbide and Carbon Corpo-
ration. For reasons of security, Mar-
shall wanted to hold to a minimum
the number of firms to be brought in
to build and operate project facilities.
He proposed that for the time being
Stone and Webster add operation of
the Argonne separation plant to its
other responsibilities. Both Compton
and the engineering firm promptly ac-
cepted this arrangement—the latter,
however, with a proviso that it be per-
mitted to secure technical assistance
from other organizations.

At the Bohemian Grove meeting in
early September, the S-1 Committee
recommended that Stone and Web-
ster get the technical assistance it re-
quired. General Groves, newly ap-
pointed as Manhattan commander,
and Stone and Webster agreed on



ORGANIZING FOR PRODUCTION

26 September that Du Pont should
be approached and the S-1 Commit-
tee accepted their decision. Two
weeks later, Du Pont assented to
design and procure not only the
chemical separation equipment but
also part of the pile equipment for
the plutonium pilot plant. At first Du
Pont had resisted taking on any re-
sponsibility for the piles, pleading
lack of experience and strain on its fa-
cilities as a result of its other govern-
ment projects. But Groves and Comp-
ton finally persuaded the company
that this was the logical solution to a
difhicult problem.3?

Because Du Pont’s contract covered
only design and procurement of
equipment and because Stone and
Webster would operate only the Ar-
gonne separation installation, the
most important plutonium production
problem—securing an operator for
the other pilot facilities and the pro-
duction plant—remained to be solved.
Both Groves and Compton were
moving rapidly toward the view that
the size and complexity of this task
required the selection of a company
other than Stone and Webster. The
Manhattan chief paid his first visit to
the Metallurgical Laboratory in early
October 1942. Reviewing the plutom-
um program with Compton and his
senior staff, Groves quickly concluded
that to bring this process into produc-
tion was going to be a far greater
project than anyone had anticipated.
After further consultation, Groves

3 Marshall Diary, 14, 18, 26 Sep and 2, 9 Oct 42,
OCG Files, Gen Corvesp, Groves Files, Misc Recs
Sec, behind Fldr 5, MDR; DSM Chronology, 14-15
Aug 42, Sec. 16, 13 Sep 42, Sec. 2(e), and 26 Sep
42, Sec. 15(b), OROO; Ms, Leslie R. Groves, “Now
It Can Be Told: The Story of the Manhattan
Project” (hereafier cited as Groves Ms), pp. 95-96,
CMH.
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and Compton decided that Stone and
Webster should be relieved of all re-
sponsibility for the plutonium project,
a decision concurred in by both Van-
nevar Bush and James B. Conant.*

As General Groves learned more
about the plutonium process, he also
came to the conclusion that it would
be preferable to turn the entire
project of design, engineering, con-
struction, and operation over to a
single firm. If the proper organization
were chosen, the gain in efficiency of
operation would ease his own task of
coordination. One Du Pont policy, in
particular, impressed Groves. Unlike
most American industrial firms, the
company had a long-established prac-
tice of building its own plants. Hence,
Du Pont had the resources and expe-
rience necessary to carry out all as-
pects of the plutonium production
plant, an advantage from the stand-
point of both security and speed of
getting into production.

When Groves proposed to Comp-
ton, Bush, Conant, and other leaders
that Du Pont be asked to assume sole
responsibility for the plutonium pro-
duction project, replacing Stone and
Webster, he received a generally fa-
vorable response. But the Manhattan
chief was fully aware that several key
members of the Metallurgical Labora-
tory, with whom Du Pont engineers
would have to work quite closely, re-
mained unreconciled to any course
that would take plutonium production
out of their hands. Furthermore,

* Account of negotiations with Du Pont drawn
primarily from Groves, Now It Can Be Told, pp. 46—
52; Memo, sub: Prelim Negotiations . . . Between
United States of America and Du Pont . . ., Incl to
Lir, R. E. DeRight (Du Pont) to Groves, 30 Oct 43,
QCG Files, Gen Corresp, MP Files, Fldr 2F, MDR;
DSM Chronology, 10 Nov 42, Sec. 23(b), OROO.
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some members of this dissatisfied
group would be especially upset over
the selection of Du Pont, which in
many ways seemed to them to epito-
mize big industry.

Groves, nevertheless, decided to
take immediate steps to negotiate an
agreement with Du Pont. On 30 Oc-
tober, he invited Willis Harrington,
senior vice president of the firm, to
meet with him and Conant, who him-
self once had served as a consultant
to Du Pont. Harrington came the next
day, accompanied by chemist Charles
Stine, also a vice president of Du
Pont and a friend of Conant. Groves
and Conant gave the two Du Pont ex-
ecutives data on the pile program and
general information about the other
processes and the military objectives
of the project, emphasizing the ur-
gency of the program and frankly ad-
mitting there were serious questions
as to its feasibility.

Harrington and Stine were appalled
at the idea that their company should
assume major responsibility for this
phase of the atomic program. As they
perceived it, the technical require-
ments were formidable, the operating
conditions unorthodox, and the scien-
tific field one in which Du Pont had
no special experience and compe-
tence. Faced, however, with Groves’s
insistence that Du Pont was the only
industrial organization in America
with the capacity to build the plutom-
um plant, they reluctantly indicated
the company might be able to do the
job. But a final decision could only be
made by Du Pont President Walter S.
Carpenter, Jr., and other members of
the firm’s executive committee follow-
ing an investigation by company
chemists and engineers. Consequent-
ly, a day or two later, Groves granted
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the company permission to send a
team of experts to the Metallurgical
Laboratory to see the work in
progress.

On 10 November, General Groves,
Colonel Nichols, the deputy district
engineer, Arthur Compton, and
Norman Hilberry, who was associate
director of the Metallurgical Labora-
tory, went to Wilmington, Delaware,
to plead further for Du Pont’s assist-
ance. Groves emphasized to Carpen-
ter that the project was of utmost im-
portance to the war effort, adding
that President Roosevelt, Secretary of
War Stimson, and Chief of Staff Mar-
shall also shared this opinion. Fur-
thermore, he continued, there was
reason to believe the Axis states
might soon be producing fissionable
materials in quantities sufficient to
manufacture atomic weapons. The
only known defense against such
weapons was ‘“‘fear of their counter-
employment.” ® If the United States
could develop such weapons before
the enemy, it could materially shorten
the war and potentially reduce Ameri-
can casualties by the tens of
thousands.

Following his conference with Car-
penter, Groves went to a meeting of
the Du Pont executive committee.
There, he was joined by Nichols,
Compton, and Hilberry. With Car-
penter presiding at the meeting,
Groves repeated what he had said
earlier to the Du Pont president.
Some committee members expressed
reservations, many of them traceable
to the report of the team of company
chemists and engineers who had just
returned from a visit to the Metallur-

5 Groves, Now It Can Be Told, p. 49.
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gical Laboratory. The team had re-
ported that the laboratory scientists
had neither demonstrated a self-sus-
taining chain reaction nor furnished
adequate information concerning the
basic problem of controlling and re-
moving the tremendous amount of
heat that would be generated in a pile
operation. And though they were at
work on three different pile designs,
none—at least when judged in terms
of practical engineering—seemed
likely to provide a prototype for a
large-scale production pile. Progress
on the plutonium separation process
did not appear much more encourag-
ing. The scientists had yet to demon-
strate a method that would separate
more than microscopic amounts of
plutonium from radioactive fission
products. On the basis of its observa-
tions, the Du Pont team estimated
that only minute amounts of plutoni-
um could be produced in 1943, not
much more in 1944, and only
enough, possibly, in 1945 to fulfill the
planned rate of production for
weapon purposes.

The pessimistic tone of the Du
Pont executive committee’s evaluation
was not surprising; they concluded,
nevertheless, that the pile method was
probably feasible. To be certain of
this, however, they felt Du Pont must
have control over all aspects of the
project. Furthermore, the government
should guarantee the company
against loss from the obviously great
hazards inherent in the process. Car-
penter informed General Groves on
12 November that Du Pont would
take the job, and the Manhattan com-
mander immediately directed Colonel
Nichols to draft the terms of a
contract.
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With Du Pont’s participation appar-
ently assured, the Military Policy
Committee cautiously endorsed going
ahead with plans to build a plutonium
plant capable of producing 1.0 kilo-
gram of fissionable material per day.
It also directed that Du Pont take
over from Stone and Webster at Chi-
cago, relieving the Boston firm of vir-
tually all of its AEM responsibilities
for plutonium project activities.®

Hardly had that question been set-
tled when important new data cast se-
rious doubt on the explosive charac-
teristics of plutonium. Wallace A.
Akers, technical chief of the British
Directorate of Tube Alloys (corre-
sponding to the S-1 Executive Com-
mittee), was in Washington, D.C.,; on
14 November to discuss information
exchange with Conant. During a
luncheon conversation, Akers re-
vealed that British atomic scientists
had discovered that plutonium had
premature fissioning tendencies that
might make it unsuitable for use in a
weapon. Greatly disturbed, Conant
checked with Ernest Lawrence and
Arthur Compton. When they told him
that both Oppenheimer and Glenn
Seaborg, a chemist who had done ex-
tensive research on plutonium at the
University of California, Berkeley, ex-
pressed some concern about the pos-
sibility of obtaining material of suffi-
cient purity to ensure the fissioning
qualities in a weapon, Conant got in
touch with General Groves. The Man-
hattan chief responded immediately
by setting up an investigating team
composed of Lawrence, Compton,

8 MPC Min, 12 Nov 42, OCG Files, Gen Corresp,
MP Files, Fldr 23, Tab A, MDR.
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and Oppenheimer, as well as physicist
Edwin McMillan.?

On 18 November the four scientists
reported back to Groves in optimistic
terms.® Basing their recommenda-
tions on the conclusion that despite
“many difficult but solvable problems
it should be possible to produce a sat-
isfactory bomb . . . from 49 [plutoni-
um] probably during 1945, they
urged maximum speed in building a
plutonium production plant. The sci-
entists supported their recommenda-
tions with Oppenheimer’s estimate of
the degree of plutonium purity re-
quired for a bomb.

Instead of convincing Conant and
Du Pont of the feasibility of plutoni-
um, Oppenheimer’s data had the op-
posite effect. By chance, the Harvard
University president had just received
figures on plutonium purity require-
ments from British scientist Sir James
Chadwick, and when he compared
these with Oppenheimer’s, he was
shocked to find that the latter’s esti-
mates allowed for a degree of impuri-
ty ten times as great. This discrepancy
was so large that Conant momentarily
suspected American scientists had
erred seriously in their calculations.
Not until he received additional data
and written assurances from Compton
and Lawrence was his confidence in
the feasibility of plutonium fully
restored.®

7 DSM Chronology, 14 Nov 42, Sec. 2(a), and 19
Nov 42, Sec. 23, OROO; Hewlett and Anderson,
New World, pp. 109-10. See [Ch. X] for details on
problems with information interchange between the
British and American atomic programs.

8 Team’s report in Memo (for File), Lawrence,
Compton, Oppenheimer, and McMillan, 18 Nov 42,
Admin Files, Gen Corresp, 401.1-410.2 (Materials},
MDR.

9 Hewlett and Anderson, New World, pp. 109-10;
Lir, Lawrence to Conant, 23 Nov 42, Admin Files,
Gen Corresp, 201 (Conant), MDR; Ltr, Compton to
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As for Du Pont’s engineers, Oppen-
heimer’s estimate appeared so exact-
ing that it would be unattainable in
any reasonable period of time. In
Groves’s office on 18 November,
Charles Stine and Crawford H.
Greenewalt, a chemical engineer serv-
ing as chemical director of Du Pont’s
Grasselli Chemicals Department, com-
plained with some feeling that the
Manhattan commander was asking the
firm to undertake the most difficult
and unpromising of the processes for
producing fissionable materials and
suggested the company might be
better qualified to carry out one of
the other processes. Greenewalt’s lack
of enthusiasm at this juncture can be
traced to his pessimistic interpretation
of some information he had received
a short time before, leading him to
conclude that there was only about a
60-percent chance that a sustained
chain reaction would be achieved.!?

Compton, who was also present,
was shocked by Stine’s assertion that
the odds were 100 to 1 against
achieving plutonium production in
time to be of any value to the war
effort. For the Metallurgical Laborato-
ry chief this marked the beginning of
a gradual disillusionment with Du
Pont. By the end of December he
would be seriously suggesting that
some other firm be brought in to
build the production plants. Compton
later recalled that he “‘probably took
Stine’s words much more seriously
than they were intended.” Neverthe-

Conant, 8 Dec 42, Admin Files, Gen Corresp, 319.1,
MDR.

10 Groves, Now It Can Be Told, p. 52; Lir, Law-
rence to Conant, 23 Nov 42, MDR; Compton, Atomic
Quest, pp. 132-34. Du Pont purchased the Grasselli
Chemical Company of Cleveland in 1928 and incor-
porated it as a separate department in the firm.
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less, under those immediate circum-
stances, he felt that he could not
“have drawn such a conclusion with-
out considering the task a waste effort
as far as the present war was con-
cerned.” Therefore, Compton deter-
mined immediately to try to change
“their [Du Pont’s] point of view to
one of optimism.” 11

Reassessment of Processes To
Produce a Bomb

At the meeting on 10 November,
the Du Pont executive committee sug-
gested that a reappraisal of all aspects
of the project would help the compa-
ny in determining the precise role it
should play in the atomic energy pro-
gram. Seeing the logic of this sugges-
tion, Groves and Conant thought the
time was appropriate for a reassess-
ment because project emphasis was
shifting from research and develop-
ment in scientific principles to practi-
cal application on an industrial scale.
Furthermore, the Military Policy
Committee shortly was going to have
to prepare a progress report to the
President on the project.1?

Lewis Reuviewing Committee

Groves acted promptly to imple-
ment reassessment of the project. On
18 November, following close con-
sultation with Conant, he appointed
a five-man reviewing committee,
headed by Warren K. Lewis, a highly
respected professor of chemical engi-

" Quotations from Compton, Alomic Quest, p. 134.
See also ibid., pp. 132-33, and Groves, Now It Can
Be Told, pp. 55-57.

12 MPC Min, 12 Nov 42, MDR; MPC Rpt, 15 Dec
42, OCG Files, Gen Corresp, MP Files, Fldr 25, Tab
B, MDR.
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neering at Massachusetts Institute of
Technology (MIT). Groves made cer-
tain that Du Pont was well represent-
ed on the committee, appointing
Crawford H. Greenewalt, who had
been a student under Lewis at MIT
and was an expert on research; Tom
C. Gary, manager of the Design Divi-
sion in the Engineering Department
and a specialist in construction; and
Roger Williams, chemical director of
the Ammonia Department, who was
an expert on plant operations. The
fifth member, Eger V. Murphree of
Standard Oil Development Company
and former head of the OSRD S-1
Section’s planning board, became ill at
the last minute and was unable to par-
ticipate in the committee’s activities.?

The committee’s mission was to re-
view the entire project from a manu-
facturing standpoint. To accomplish
this, committee members would visit
Harold Urey’s project at Columbia
University, investigate Arthur Comp-
ton’s research on the pile process at
the Metallurgical Laboratory, and as-
sess Ernest Lawrence’s work on the
electromagnetic process at the Radi-
ation Laboratory. They would not
evaluate the centrifuge method. The
consensus was that this process was
unlikely to produce U-235 in suffi-
cient quantities to be of use during
the war. The Military Policy and S-1
Executive Committees agreed that all
work, including that on a pilot plant,
should be reduced to the minimum
necessary to establish the feasibility of
the method. Although some support
for the centrifuge process still per-

13DSM Chronology, 19 Nov 42, Sec. 23, OROO;
Groves Diary, 18, 19, 21 Nov 42, LRG; Groves, Now
It Can Be Told, p. 52; Compton, Atomic Quest, pp.
134-35.



102

sisted, in time it would be dropped as a
major method for producing fission-
able material for the bomb.

After conferring briefly with Groves
and Conant in Washington, D.C., on
21 November, the Lewis reviewing
committee began 1its tour in New
York. There, committee members met
with leaders of the gaseous diffusion
project and inspected the experimen-
tal equipment in the laboratories at
Columbia University, as well as con-
ferred with respresentatives of the
M. W. Kellogg Company which had
been assigned work on the diffusion
process. Leaving New York by train,
the committee reached Chicago on
the twenty-sixth, Thanksgiving Day.!*

Compton had first heard about the
committee’s impending visit on the
nineteenth. Sensing that the occasion
would afford him the chance to con-
vince Du Pont and the leaders of the
Manhattan Project that plutonium
could be produced in quantity, and
also that the rest of the atomic pro-
gram was feasible and of great impor-
tance for the war, he and his scientific
staft immediately had directed all pos-
sible resources into a twofold effort:
completing as soon as possible the
chain reaction experiment under way
since October, and preparing a report
to demonstrate conclusively the feasi-
bility of the plutonium project.?®

Unfortunately the experiment was
still in progress when the committee
arrived, but a hundred-page feasibility
report was ready for study. This care-
fully orgamized and documented
report presented a most optimistic es-
timate of the situation. Plutonium

YMPC Min, 12 Nov 42, MDR; DSM Chronology,
14 Nov 42, Sec. 2(f), and 19 Nov 42, Sec. 23,
OROO.

1 Compton, Atomic Quest, p. 135,
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could be produced in one or more of
several types of chain-reacting piles,
of which a uranium-graphite system
cooled with helium, preferably, or
with ordinary pure water seemed to
offer the most practical solution.
Also, chemical extraction of plutoni-
um in a sufficiently pure state to be
used successfully in a bomb was feasi-
ble. Moreover, this bomb would prob-
ably be more effective than previous
estimate had indicated. Provided the
plutonium project received adequate
support, the goal to produce suffi-
cient fissionable material in 1944 and
to attain the production stage in 1945
should be possible. Report in hand,
the committee left for Berkeley
Thanksgiving evening.!®

Achievement of the Chain Reaction

The Lewis reviewing commitee re-
turned from the West Coast via Chi-
cago on 2 December. Stopping over
between trains, they consulted further
with the Metallurgical Laboratory
stafft. “I'm sorry,” Compton ex-
plained, “but Enrico Fermi has an im-
portant experiment in hand in the
laboratory and has asked to be
excused.” 17

The “important experiment’” was,
of course, the continuing attempt to
achieve a controlled chain reaction in
the experimental pile then under con-
struction at the Metallurgical Labora-
tory. In October, after laboratory sci-
entists had accumulated a sufficient
amount of uranium metal and graph-

5Ibid., pp. 135-36; Rpt, Compton, sub: Feasibili-
ty of “49” Proj, 26 Nov 42, OSRD; Smyth Report,
Ch. 6, especially pp. 64-65 and 74-76. Smyth based
this chapter largely on the feasibility report.

7 Compton, Atomic Quest, p. 140.
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ite of requisite purity, two alternating
teams began piling graphite blocks in-
termixed with lumps of uranium in a
carefully devised pattern atop a
timber framework on the floor of a
squash court under the West Stands
of Stagg Field, the University of Chi-
cago football stadium. When news of
this ongoing experiment reached
Groves and Conant during the 14 No-
vember S-1 meeting, both men ex-
pressed great alarm; however, but-
tressed with evidence from several
tests carried out while the pile was
under construction and supported by
the senior scientists on his staff,
Compton assured Groves and Conant
that the experiment posed no great
hazard to the heavily populated area
adjacent to the umversity. Although
Groves deaded not to interfere, he
nevertheless alerted the area engineer
at the Metallurgical Laboratory to
inform him immediately of any signs
or developments that indicated the
Chicago scientists were underestimat-
ing the element of danger.?®

Based on the results of earlier ex-
periments, the scientists constructing
the pile knew that when it reached a
certain size it would become critical,
thus initiating what was hoped would
be a self-sustaining chain reaction. To
prevent the possibility of premature
fission and also to be able to control
the reaction once it began, the scien-
tists inserted several neutron-absorb-
ing cadmium strips as control rods.
Removal of these control rods would
release the flow of neutrons in the
lumps of uranium and permit the
chain reaction to begin; their reinser-
tion would halt the process. Various
measuring instruments also were at-

8 Groves, Now It Can Be Told, pp. 53-54.
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tached to or placed in the pile, and
the whole setup was watched over by
Fermi and his colleagues with all the
care and nervous intensity that so
unique and critical an experiment
mnspired.

Late in the afternoon of 1 Decem-
ber, Fermi’s crew placed the last lump
of uranium and layer of graphite
blocks on the pile, by now a massive
structure, essentially square in shape
and solid-appearing from the floor up
to about two-thirds of its height, and
from that point to its top near the
high ceiling, a series of setbacks.

On the morning of 2 December,
the entire experimental group assem-
bled for the crucial test. Most of
those present were on the balcony of
the court, either as observers or oper-
ators of the instrument control cabi-
net located there. Norman Hilberry,
equipped with an axe, was prepared
to sever a rope tied to the balcony
rail, which would drop into place an
emergency safety rod suspended over
the pile. A young scientist from the
laboratory staff, George Weil, re-
mained on the floor of the court to
handle the final control rod. On a
platform above the pile, three men
stood ready to flood it with a cadmi-
um salt solution, which would absorb
sufficient neutrons to halt a runaway
reaction if the pile’s other control
mechanisms should fail. A hundred
feet away, behind two concrete walls,
another group monitored the test by
means of instruments and an inter-
communication system. Should any-
thing go wrong on the squash court,
incapacitating the group there, the
“remote control” men could throw a
switch to activate electrically operated
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safety rods and halt the chain
reaction.

In midmorning, Fermi sent word to
Compton that the test was about to
begin and the Metallurgical Laborato-
ry chief, accompanied by Crawford
Greenewalt, whom he had selected as
the representative of the Lewis re-
viewing committee, hastened from
nearby Eckhart Hall to the stadium.
As they arrived, Fermi was testing the
pile systematically. As Weil slowly
withdrew the final control rod, Fermi
carefully checked the recording in-
- struments. With each foot the rod was
pulled out, the pile came closer to
criticality, and the instruments meas-
uring the neutron activity clicked
faster. By about 11:30 A.M. the grow-
ing tension among the scientists in
the squash court had become obwvi-
ous. “I'm hungry,” saild Fermi, sud-
denly breaking the spell. ““Let’s go to
lunch.”

Shortly after 2:00 p.m. the tests
were resumed. Faster and faster
clicked the neutron counters as the
control rod was slowly withdrawn. At
about 3:25, Weil moved the rod an-
other foot. Fermi made a rapid com-
putation with his slide rule and, turn-
ing to Compton, exclaimed: “This is
going to do it.”’ As the neutron count
ran faster, it was obvious Fermi was
right. The rate of rise of the count
was now constant. “The reaction is
self-sustaining,” announced Fermi,
meaning that the slow fissioning of
uranium atoms in the pile would con-
tinue to produce enough neutrons to
keep the process going.

After nearly half an hour of oper-
ation, when the radiation around the
pile began to rise to dangerous levels,
Fermi ordered the control rods rein-
serted. The world’s first self-sustain-
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ing nuclear reaction had been initiat-
ed, allowed to run, and then stopped.
Man had accomplished the controlled
release of atomic energy.'?

Leuns Reuviewing Commuttee Report

While practical demonstration of a
chain reaction did much to relieve the
hesitancy of Du Pont, the company’s
management was perhaps even more
encouraged by the report of the
Lewis reviewing committee, submitted
on 4 December. On the premise that
“production must be substantially 25
kilos of ‘25’ [U-235] or 15 kilos of
‘49’ [plutonium] per month,” the
committee felt that the diffusion pro-
cess had the best chance of producing
enough fissionable material of the de-
sired quality and, equally important,
that it would probably be the first to
attain full-scale production. They
agreed that the electromagnetic pro-
cess was probably the most immedi-
ately feasible of all methods under
consideration, but it seemed least
likely to produce U-235 in the quanti-
ty that would be needed. Despite
problems, the pile process now had a
much better chance of success and
might even provide ‘““the possibility of
earliest achievement of the desired
result.” Accordingly, the committee
recommended construction of a diffu-

9 Quotations from WD Press Release, “Back-
ground Material for Use in Connection With Ob-
servance of the Fourth Anniversary, December
Second, of the Scientific Event of Outstanding Sig-
nificance in the United States Program of Develop-
ment of Atomic Energv,” 1 Dec 46, pp. 10-11,
CMH. See also Compton, Atomic Quest, pp. 136-43;
Smyth Report, pp. 70 and 177-81; Enrico Fermi,
“The First Pile,”” Bulletin of the Atomic Scientists 18
(Dec 62): 19-24. Many of the other published works
cited in this volume also contain lengthy descrip-
tions of this event.
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sion plant, of a pile pilot plant and
several full-scale production piles,
and of facilities for producing heavy
water. It urged continued develop-
mental work on the electromagnetic
process, including building a pilot
plant to produce small quantties of
U-235 for use in experiments. Finally,
the committee recommended that
companies with appropriate experi-
ence be given the responsibility nec-
essary for operating all these projects.
There no longer seemed any doubt
concerning the feasibility of produc-
ing sufficient quantities of fissionable
material. 2

When the Military Policy Commit-
tee met on 10 December in General
Groves’s office, it had before it the
report of the Lewis reviewing commit-
tee. The effect of this report and the
events that had taken place in Chicago
a week earlier were evident. At its
meeting on 12 November, the Mili-
tary Policy Committee had agreed to
proceed with the construction and op-
eration of a small electromagnetic
separation plant; a pilot diffusion
plant and, if practicable, a small pro-
duction plant; and a plutonium
plant.2! Now a month later, the com-
mittee’s decisions were far more opti-
mistic. The pile method for produc-
ing plutonium, it decided, would “be
carried forward full blast.” Design for
the pilot diffusion plant was well ad-
vanced and construction of test units
was already under way at Columbia
University. But rather than await com-

20 Conclusions of Reviewing Committee, 4 Dec 42,
Admin Files, Gen Corresp, 334 (Special Reviewing
Committee), MDR. These conclusions, but without
the statistical analysis portion, are also in the MPC
Rpt, 15 Dec 42, MDR. See also Compton, Atomic
Quest, p. 145.

21 MPC Min, 12 Nov 42, MDR; Groves Diary,
10 Dec 42, LRG.
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pletion of the pilot plant, the commit-
tee decided that work on the design
and construction of a full-scale pro-
duction plant should begin at once.
The electromagnetic plant would be
comprised of only 500 tanks “in
order to get the earliest possible pro-
duction of material, even though it
may be in small quantities.”” 22 Thus,
the Military Policy Committee had
opened the way to rapid development
of those processes that seemed most
likely to provide large-scale produc-
tion of fissionable materials.

Contract Negotiations

In rapid sequence during the next
few weeks, Groves and the Manhattan
staff oversaw negotiation of construc-
tion and operation contracts. The
first of these was a letter contract for
Du Pont on 21 December (effective as
of 1 December 1942), pending com-
pletion of negotiations for a formal
contract. It provided that the com-
pany secure designs, procure equip-
ment, and erect facilities for a large-
scale plutonium production plant,
which it would also operate. Although
the agreement of 1 December super-
seded the letter contract of 3 Octo-
ber, which had provided that Du Pont
design and procure equipment for
plutonium pilot installations, it did
not specify that the firm would build
a pilot plant. New location problems
had made temporary postponement
of settling this aspect expedient.23

22 MPC Min, 10 Dec 42, MDR; MPC Rpt, 15 Dec
42, MDR.

23 Ltr Contract W-7412-eng-1, 1 Dec 42 (accept-
ed 21 Dec 42), Tab B; Ltr, E. B. Yancey (Gen Mgr,
Explosives Dept, Du Pont) to Lt Col J. M. Harman,
21 Dec 42, Incl to Memo, Maj A. Tammaro 1o Maj

Continued
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Du Pont did not want to manufac-
ture plutonium after the war and
made clear it was agreeing to do so
now only because of the expressed
desire of the Army. Accordingly, in
the cost-plus-fixed-fee contract, Du
Pont waived all profits and accepted
the assignment on the basis of reim-
bursement for the company’s ex-
penses on the project, plus a fixed fee
of $1.00. However, arrangements
were made to protect the firm from
financial losses that might arise, be-
cause the hazards concomitant to the
new process were not yet fully known
or understood and conceivably could
result in catastrophic losses for the
company. Du Pont requested that the
contract be submitted to the comp-
troller general of the United States
for approval, particularly the sections
covering reimbursement and indemni-
fication, which the company feared
might otherwise be upset by a future
ruling. General Groves agreed and, as
further assurance to Du Pont, Vanne-
var Bush also forwarded a letter to
President Roosevelt, explaining the
basis upon which the government was
assuming responsibility for the unique
hazards involved in the project.2

The Army had to negotiate with a
number of companies for design, con-
struction, and operation of the gase-

Claude C. Pierce, Jr. (Washington Liaison Office),
sub: Du Pont Contract W-7412-eng-1, 5 Dec 44,
Tab G. Both in OCG Files, Gen Corresp, Groves
Files, Fldr 19, MDR. Copies of formal contract,
completed on 8 Nov 43, on file in OROO. See also
amendments and amplifications to this contract,
same file, and Du Pont, Stockholders Bulletin, 13 Aug
45, Admin Files, Gen Corresp, 161 (Du Pont),
MDR.

24 Groves, Now It Can Be Told, pp. 46-59; Memo,
sub: Prelim Negotiations . . . , Incl to Ltr, De-
Right to Groves, 30 Oct 43, MDR; DSM Chronolo-
gy, 10 Nov 42, Sec. 23(b), OROO; Compton, Atomic
Quest, pp. 131-34.
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ous diffusion plant. Because the M. W.
Kellogg Company had been work-
ing for nearly a year on research and
design for a pilot plant, the Military
Policy Committee decided at its
10 December meeting that this firm
should also design and engineer the
production plant. Hence, on the
twelfth, General Groves requested
Kellogg to act as architect-engineer
for the diffusion project and, two days
later, the company signed the neces-
sary letter contract. To simplify oper-
ations and for reasons of security,
Kellogg created a wholly-owned sub-
sidiary, the Kellex Corporation,25 for
the project. After consulting with
Kellex representatives, the Manhattan
commander asked Union Carbide and
Carbon Corporation to operate the
plant. By late January, the Carbide
and Carbon Chemicals Corporation—
a subsidiary of Union Carbide—had
signed a Manhattan letter contract
and its engineers had begun working
closely with Kellex on difficult design
problems.

While earlier plans had called for
Stone and Webster to build the diffu-
sion plant, it soon became clear this
job would overburden the engineer-
ing firm’s already heavily taxed re-
sources. Some consideration also was
given to having Kellex construct the
plant, but Groves decided that organi-
zation would have its hands full with
the design and engineering problems.
Groves remembered that he had been
favorably impressed by the manage-
ment, skill, and integrity of the J. A.
Jones Construction Company of
Charlotte, North Carolina, which had

25 The name Kellex was derived from “Kell” for
Kellogg and “X” for secret.
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built several large camps for the
Army. The company accepted a letter
contract covering this assignment on
18 May 1943 .26 :

Arrangements already had been
made for Stone and Webster to build
the electromagnetic plant; however,
because project leaders had decided
that the task of operating the plant
would be beyond the firm’s practical
capabilities, Groves offered the job to
the Tennessee Eastman Corporation,
a subsidiary of the Eastman Kodak
Company, which had considerable ex-
perience in chemical processes. On
5 January 1943, Tennessee Eastman
informed Groves that it would accept
the job and the next day signed a
letter of intent, pending negotiation
of a formal contract. Within a few
days key personnel of the company
went to the Radiation Laboratory at
Berkeley to famiharize themselves
with Lawrence’s experimental electro-
magnetic separation units.27

26 MPC Min, 10 Dec 42 and 21 jan 43, MDR;
DSM Chronology, 12 Dec 42, Sec. 4, 28 Dec 42,
Sec. 15(b), 30 Dec 42, Sec. 16, 14 Jan 43, Sec. 2(f),
OROO; Groves, Now [t Can Be Told, pp. 111-12;
MDH, Bk. 2, Vol. 3, “Design,” Sec. 3, Vol. 4, “Con-
struction,” Sec. 3, and Vol. 5, “Operation,” pp. 2.1-
2.4, DASA. Copies of formal CPFF contracts execut-
ed with M. W. Kellogg Co. on 11 Apr 44 (Contract
W-7405-eng-23, eflecuve 14 Dec 42), with Carbide
and Carbon Chemicals Corp. on 23 Nov 43 (Con-
tract W-7405-eng-26. effective 18 Jan 43), and with
J. A. Jones Construction Co. on 2 Mar 44 (Contract
W-7421-eng-11, effective 18 May 43) on file in
OROO. See also List, sub: Signed Prime and Sub-
contracts Over $100,000, Incl to Memo, Lt Col E.
H. Marsden (Ex Off, MD) to Groves, 31 Aug 43,
Admin Files, Gen Corresp, 161, MDR.

27 Groves, Now It Can Be Told, pp. 96-97, DSM
Chronology, 28 Dec 42, Sec. 2(e), OROO; MDH,
Bk. 5, Vol. 6, “Operation,” Sec. 2, DASA. Groves
Diary, 30-31 Dec 42 and 5 Jan 43, LRG. Copy of
formal CPFF contract executed with Tennessee
Eastman Corp. on 7 Jun 43 (Contract W-7401-eng-
23, eftective 6 Jan 43) on file in OROO.
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Upon examining the plans for vari-
ous types of piles at the Metallurgical
Laboratory in early November 1942,
Du Pont engineers had rated the pile
with a heavy water moderator second
only to the helium-cooled graphite
pile. It now appeared to be the logical
choice “‘as a second line of defense”
in case the graphite pile should fail.
Accordingly, Du Pont recommended
that the Manhattan commander take
immediate steps to increase the
monthly production of heavy water to
approximately 3 tons per month: 0.5
tons to be produced by the electrolyt-
ic process at the Trail plant already
under construction, and 2.5 tons by
the distillation process at new plants
to be built by Du Pont as adjuncts to
ammonia-producing facilities already
under construction by the company at
government-owned ordnance plants.
(At the request of the S-1 Committee,
Du Pont earlier had investigated and
ascertained the practicability of em-
ploying the distillation process to
produce heavy water.) 28

Both the Military Policy and S-1
Committees endorsed Du Pont’s rec-
ommendations. Under the terms of a
letter contract of 16 November, Du
Pont agreed “‘to select a process and
provide facilities for the production of
heavy water in order to make avail-
able a supply of this maternal at the
earliest possible date.” 2% Groves au-
thorized the company to expand fa-
cilities under construction at Morgan-
town Ordnance Works, near Morgan-

28 DSM Chronology, 10 Nov 42, Sec. 23(1), and
14 Nov 42, Sec. 2(f)(k-m), OROO; MDH, Bk. 3,
“The P-9 Project,” p. 2.4, DASA.

28 Copy of Lur Contract W-7412-eng-4, 16 Nov
42, on file in OROQO. See also MPC Min, 12 Nov
42, MDR.
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town, West Virginia; the Wabash
River Ordnance Works, adjacent to
Newport, Indiana; and the Alabama
Ordnance Works, near Sylacauga,
Alabama. Du Pont would
build and operate the facilities,
making as extensive use as possible of
existing steam plants and other instal-
lations. Because Du Pont already had
contracts with the Army’s Ordnance
Department for construction and op-
eration of munitions-making facilities
at each of these ordnance plants, it
was agreed the additional work could
be covered by supplements to these
contracts, thus eliminating the need
for the Manhattan chief to negotiate
new agreements. Nevertheless, for
reasons of security, each heavy water
plant was to be built and operated
almost entirely under the immediate
supervision of the local area engineer
and general supervision of the Man-
hattan District. The Ordnance De-
partment, in Colonel Marshall’s
words, was “not to be involved in the
design or knowledge of use of the
product.” 30

Hanford Engineer Works

Until November 1942, project lead-
ers had assumed that the main pluto-
nium production plant would be

39 Dist Engr, Monthly Rpt on DSM Proj, 21 Jan
43, OCG Files, Gen Corresp, MP Files, Fldr 28, Tab
A, MDR; DSM Chronology, 29 Dec 42, Sec. 4,
OROO; Memo, Brig Gen R. E. Handy (Asst, OCO)
to Maj G. W. Boush (Ord Ammo Prod Office), sub:
New Constr at Alabama Ord Works . . ., 13 Jan 43,
Admin Files, Gen Corresp, 161 (Du Pont), MDR;
Memous, Handy to Alabama, Morgantown, and
Wabash River Ord Works CO’s, sub: New Constr at
Alabama [and other] Ord Works, 1 Jan 43, Admin
Files, Gen Corresp, 600.1 (Constr), MDR; MDH, Bk.
3, Secs. 2-3. DASA; Groves Ms, pp. 214-15, CMH.
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located at the Tennessee site.®* How-
ever, Du Pont was greatly concerned
about the hazards of manufacturing
plutonium on a large scale. An atomic
explosion might devastate an area
surrounding a plant and send a lethal
cloud of radioactive dust and gases
over a much larger zone. Such an ex-
plosion less than 20 miles from Knox-
ville could be a catastrophic disaster.

Groves himself already had qualms
about placing a hazardous operation
adjacent to electromagnetic and gase-
ous diffusion plants and near other
important war production facilities in

the Tennessee Valley Authority
(TVA) region. Even if the physical ef-
fects were limited, an explosion

would compromise the security of the
whole project. If the plant were to be
built at the Tennessee site, more land
than originally contemplated would
have to be acquired, a time-consum-
ing process. Furthermore, there was a
strong possibility that a power and
labor shortage in the TVA area might

31Section based on Groves, Now It Can Be Told,
pp. 69-77; DSM Chronology, Nov 42-Jan 43,
passim, OROO; MDH, Bk. 4, Vol. 3, “"Design,” Sec.
2, and Vol. 4, “Land Acquisition,” Secs. 1-2, DASA.
Diary of Col Franklin T. Matthias (herealter cited as
Matthias Diary), prior to 1 Feb 43, OROO; Rpt, Du
Pont, sub: Special Investigation of Plant Site lLoca-
uon, 2 Jan 43, Ind to Ltr, E. G. Ackart (Engr Dept
chief, Du Pont) to Groves, sub: Pro 9536, 5 Jan 43,
Admin Files, Gen Corresp, 600.03, MDR; Rpt, OCE,
sub: Basic Data on Hanford Engr Works, 19 May
43, same files, 601 (Hanford), MDR; Ltr, Robins
(Act Chief of Engrs) to CG SOS, sub: Acquisition of
Land for Cable Proj, Pasco, Wash., 8 Feb 43, Incl to
Memo, O’Brnien to Lt Col Whitney Ashbridge (CE
Mil Constr Br), sub: Land Acquisition in Connection
With MD, 17 Apr 43, same files, 601 (Santa Fe),
MDR; Smyth Report, p. 81; MPC Rpt, [5 Dec 42,
MDR; Compton, Atomic Quest, p. 166; Ltr, Groves to
Herbert S. Marks (Power Div, WPB), 7 Feb 43, and
related correspondence, Admin Files, Gen Corresp,
675, MDR.
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interfere with construction and oper-
ation of the plutonium plant.

All of these factors entered into the
decision of the Military Policy Com-
mittee on 10 December that “a new
plant site [for plutonium production]
will have to be selected in an isolated
area, but near power and water.” 32
Groves sent Colonel Nichols and Lt.
Col. Franklin T. Matthias to Wilming-
ton on the fourteenth to discuss
choice of a new site with Du Pont of-
ficials and with Compton and other
representatives  of  the  Chicago
project. Matthias, an experienced civil
engineer 1n civilian life, had been
working with Groves on various prob-
lems, including the atomic energy
program, and, while he had not yet
been officially assigned to the Man-
hattan District, he was Groves’s tenta-
tive choice for the key position of
area engineer on the plutonium
project. The Wilmington conference
concentrated on developing guide-
lines, with the main emphasis on
safety limitations, for the new site.
When Matthias returned, Groves di-
rected him to make an inquiry con-
cerning sites where sufficient electrici-
ty would be available.

Matthias consulted first with those
Corps of Engineers officials whom
Groves had indicated would know a
great deal about the wartime power
situation. As a result, when he sat
down with Groves and two Du Pont
officials on 16 December to draw up
more specific plans, he had consider-
able information about potential sites.
The precise criteria that emerged
from this discussion indicated that the
site selected would have to be rela-
tively large, isolated from centers of

2MPC Min, 10 Dec 42, MDR.
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population, easily acquired, and with
access to a large amount of water and
power. Based on the estimated space
needed for six atomic piles and three
separation plants, an area 12 by 16
miles would be necessary for the pro-
duction facilities alone. This amount
of space would allow for contingen-
cies well beyond the then anticipated
requirements. It would permit a dis-
tance of 1 mile between each of the
piles and 4 miles between each of the
separation plants. Laboratories would
have to be at least 8 miles away from
these separation plants, and the work-
ers’ village and nearest railroad or
highway at least 10 miles away. About
100,000 kilowatts of continuous
power would be required, as well as
25,000 gallons of water (preferably
soft) per minute for use in cooling
the piles. A relatively mild climate,
level terrain, a ready supply of sand
and gravel, and ground and subsur-
face conditions favorable for heavy
construction were also desirable for
speed and economy ‘in building the
various facilities. And finally, along
with other considerations, an area of
comparatively low land values would
reduce costs and facilitate acquisition.

As Groves, Matthias, and the two
Du Pont representatives visualized 1it,
the site would contain at least 700
square miles, with no main highway
or railroad traversing it. This central
area would consist of a restricted
zone, 24 by 28 miles in size, in the
center of which would be a 12- by 16-
mile plant area. If possible, the site
should be centered in a sparsely pop-
ulated area, 44 by 48 miles in size,
with no towns of more than one thou-
sand inhabitants. The outer 10 miles
of this last-named area would consti-
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tute a buffer zone from which all resi-
dents would be removed, although it
would not necessarily have to be pur-
chased by the government.

Groves favored the Pacific North-
west, convenient to the growing
power resources of the great Bonne-
ville Power Administratton (BPA) on
the Columbia River. (See Map 2.} In
this he was supported by Brig. Gen.
Thomas M. Robins, the assistant chief
of the Corps of Engineers, and Carl
H. Giroux, the Corps’ chief power
expert, who also suggested possible
sites in the southwest as alternate
choices.

Matthias and the Du Pont repre-
sentatives investigated possible site
locations from the California-Arizona
border near Hoover Dam to the great
Grand Coulee Dam in northeast cen-
tral Washington. They checked a
score of potential locations and stud-
ied maps and detailed reports pre-
pared by the Los Angeles, Sacramen-
to, and Seattle district engineers.
Four sites appeared promising: two in
Washington—one near Grand Coulee
Dam and the other in the vicinity of
Hanford, a community in the south
central part of the state; a third on
the Pit River, near the almost com-
pleted Shasta Dam in northern Cali-
fornia; and the last on the California-
Arizona border in the Needles-Blythe
area, easily accessible to power from
Hoover Dam. Because Matthias and
his colleagues strongly favored the
Hanford location, General Groves
directed Col. John J. O’Brien, head of
the Engineers’ Real Estate Branch, to
begin a preliminary appraisal of the
site. Meanwhile, Groves also made a
personal inspection of the area on
16 January 1943 and gave it his
approval.
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Before asking for War Department
authorization for acquisition of the
Hanford site, Groves sought and re-
ceived the BPA’s assurance that it
could provide adequate power when
needed. The site selection team had
found that the BPA’s only recently
completed trunk transmission line
running between Grand Coulee and
Bonneville Dams traversed the west-
ern portion of the projected Hanford
site, with a major substation located
at Midway, just outside the site area.
This meant that a connection into the
BPA system could be made quickly,
guaranteeing an initial power supply
for plant operations as soon as
needed.

The Hanford Engineer Works, as
the plutonium production site was
designated officially, comprised about
670 square miles (slightly smaller
than contemplated) in an isolated part
of the south central Washington
region near the confluence of the Co-
lumbia and Yakima Rivers. It lay pri-
marily in Benton County, but also in-
cluded parts of Yakima, Grant,
Adams, and Franklin Counties. Very
sparsely settled, the site included only
three tiny communities: Hanford,
White Bluffs, and Richland. A few
miles to the southeast was the larger
town of Pasco, an important rail
center. Yakima, some 20 miles to the
west, was a small city serving as a
trade center for a surrounding rich
agricultural area.

The major population centers of
Seattle, Tacoma, Portland, and Spo-
kane were all more than 100 miles
distant. The Columbia River provided
ample cold water of unusually high
purity for cooling; the terrain and cli-
mate were close to ideal. Bounded
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generally on the south by the Yakima
River, on the east and north by the
Columbia, and on the west and south-
west by a steep 3,500-foot ridge line,
the site was, for the most part, flat or
slightly rolling, with ‘only the 1,000-
foot-high Gable Mountain rising to
the north from the otherwise unbro-
ken terrain. Excellent rail transporta-
tion lines ran nearby and a fairly ex-
tensive, existing road system could be
extended without much difficulty over
the level terrain.

The shape of the site was irregular,
but roughly circular, extending on a
north-south line about 37 miles at its
widest point and with a maximum
east-west breadth of about 26 miles.
The tentative plan called for purchase
of a little less than half of the land
and for lease of the remainder. The
outer 10-mile security buffer zone was
no longer considered necessary, but
two smaller areas totaling some 60
square miles, adjacent to an impor-
tant sector of the site, were to be
leased for security purposes. The esti-
mated cost of acquiring the entire site
was slightly over $5 million.

With Under Secretary of War Pat-
terson’s approval on 9 February, ac-
quisition began immediately. By late
spring much had been acquired, but
gaining control of the entire site
would be a long process. Had Gen-
eral Groves been able to foresee the
troubles that lay ahead, he might well
have selected another site.33

33See Ch. XV for a detailed account of land ac-

quisition at the Hanford site. -
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Plutonium Semiworks: Argonne
vs. Tennessee

The decision to shift the site of the
main plutonium production plant
from Tennessee to the Pacific North-
west threw open to question once
again the location of the semiworks
for the pile process.®* In December
1942, after learning that the main
production facilities probably would
not be built at the Tennessee site,
Arthur Compton and his Metallurgi-
cal Laboratory staff favored going
back to the original plan of centering
plutonium experimentation, testing,
and pilot plant production of fission-
able material at the conveniently situ-

ated Argonne Forest site. % (See Map 2))

But Du Pont, having full respon-
sibility for the plutonium program,
strongly opposed this alternative. Du
Pont engineers placed considerable
emphasis on the hazards involved in
setting up operations near a large

34 A semiworks is a developmental plant in which
the equipment and the amounts of materials used
are larger than those employed in regular laboratory
research. In the context of this discussion, the term
semiworks refers to the intermediate stage for trans-
forming research data into a large-scale production
process. See MDH, Bk. 4, Vol. 1, “General Fea-
tures,” App. A3, and Vol. 2, “Research,” Pt. 2, pp.
2.1-2.3, DASA. .

35 Subsection based on Compton, Atomic Quest,
pp- 150-52 and 170-72; Groves, Now It Can Be Told,
pp. 68-69; DSM Chronology, 13-14 Sep 42, each
Sec. 2(a), OROO,; ibid., 6, 8-9 Jan 43, each Sec. 3,
OROQO; ibid., 16 Jan 43, Sec. 5, OROO; Min, Tech
Council, 10 and 28 Dec 42 (Rpt CS-371), ANL;
Hewlett and Anderson, New World, pp. 190-91;
Supp. No. 1, 4 Jan 43, to Ltr Contract W-7412-
eng-1, 1 Dec 42, OCG Files, Gen Corresp, Groves
Files, Fildr 19, Tab B, MDR; Completion Rpt, Du
Pont, sub: Clinton Engr Works, TNX Area, Contract
W-7412-eng-23, 1 Apr 44, p. 2, OROO; Ltr, Wil-
liams to Yancey, 12 Jan 43, Admin Files, Gen Cor-
resp, 337 (Univ of Chicago), MDR; Groves Diary, 9-
11 and 16 Jan 43, LRG; MDH, Bk. 4, Vol. 2, Pt. 2,
pp. 3.1-3.2, DASA.
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metropolitan area; they did not think
there would be enough room at the
Argonne site; and they also saw cer-
tain disadvantages in having the
semiworks readily accessible.

Du Pont also objected to the Metal-
lurgical Laboratory staff assuming it
could dictate plans and policies on
matters that the company held to be
its own prerogatives. Compton had
already detailed physicist Martin D.
Whitaker, who had worked with Fermi
on the first pile, and other staff mem-
bers to supervise development of re-
search facilities that would operate in
connection with the semiworks. Du
Pont, however, had a long-established
policy that a research staff must not
be permitted to exert too much con-
trol over the design and construction
phases of a project. When this hap-
.pened, the company had found, the
staff had a tendency to keep making
changes that seriously interfered with
construction progress. In the world of
industry, Du Pont felt, the research
laboratory was the servant of manage-
ment, not its master.

General Groves realized that if the
differences between the Metallurgical
Laboratory scientists and the Du Pont
industrial engineers could not soon
be resolved, there was serious ques-
tion as to whether they would ever
function efhciently as a team. From
the Army’s point of view, achievement
of a harmonious working agreement
on the design, construction, and loca-
tion of the semiworks was crucial, not
only for present operations but also
for future plans regarding the main
production plant. Now that Du Pont
had made significant progress on its
design and procurement of essential
equipment for the works, both Groves
and Du Pont ofhicials felt that no fur-
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ther delays could be tolerated. Fur-
thermore, the efforts of Crawford
Greenewalt, Du Pont’s liaison repre-
sentative, to establish an agreement
with the Chicago scientists had not
been too successful. Consequently, on
4 January 1943, Du Pont accepted the
Army’s alternative solution that the
company design and construct the
buildings to house the pilot pile and
chemical separation facilities.

The Army-Du Pont agreement,
however, still left the question of the
location of the semiworks unsettled,
and this issue was the main item on
the agenda of a conference held in
Wilmington on 6 January. Hoping to
get a prompt decision, General
Groves sent two of his ablest ofticers
from District headquarters—Colonel
Nichols and Lt. Col. E. H. Marsden—
to assist the area engineer at Wilming-
ton, Maj. William L. Sapper, in pre-
senting the Army’s views to the repre-
sentatives of Du Pont and the Metal-
lurgical Laboratory. The Manhattan
chief’s strategy succeeded; the meet-
ing closed with a tentative agreement
that the semiworks be erected at the
Tennessee site.

The tentative agreement almost,
but not quite, settled the issue. Under
a previous agreement governing rela-
tions between Du Pont and the Metal-
lurgical Laboratory, all important de-
cisions had to receive final approval
from both Compton and Greenewalt.
Greenewalt’s assent was a foregone.
conclusion, but Groves knew that
Compton was not likely to give in
without at least an effort to salvage
something for the Argonne site. In
anticipation of this, he sent Colonel
Nichols to Chicago.
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CoL. E. H. MARSDEN (1946 photograph). Marsden became executive officer of the

Manhattan District in July 1943.

Conferring with Compton and his
assistant, Norman Hilberry, Colonel
Nichols stressed the greater safety of
the Tennessee site. Nichols’s argu-
ment, however, failed to alter Comp-
ton’s conviction that the Argonne site
was adequately safe and eminently
suitable. Furthermore, he contended,
to shift to Tennessee now would be a
severe blow to the morale of his labo-
ratory staff. The Metallurgical Labo-
ratory did not have enough scientists
and technicians to staff another major
research center in addition to those at
Chicago and Argonne. If the decision
was going to be to erect the
semiworks in Tennessee, Compton
concluded, then the Argonne Labora-
tory should be authorized to build for
its own use a pile of sufficient size to

produce the supply of plutonium it
needed for experimental purposes.

Nichols suggested to Groves that a
meeting between Compton and Roger
Williams, head of Du Pont’s TNX Di-
vision (the company’s special orgam-
zation for carrying out its atomic
energy program commitments), might
pave the way to an agreement. Sens-
ing that the ume had arrived for deci-
sive action on his part, Groves imme-
diately arranged to meet with Wil-
liams, Compton, Hilberry, and Fermi
on 11 January in Chicago. Colonel
Marshall also came from District
headquarters in New York to assist in
pressing for a decision.

The meeting opened with Williams
reiterating Du Pont’s opposition to
Argonne. Then the group considered
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alternative sites. Williams warned that
a site other than Tennessee or Ar-
gonne would result in a further seri-
ous delay. Location at Hanford, for
example, would require too much
time, would very likely interfere with
construction of the production facili-
ties, and would place the installation
too far away from Wilmington and
Chicago. Finally, with Compton still
reluctant, the group agreed that the
semiworks should be built in
Tennessee.

The question of who would operate
the semiworks also came up for dis-
cussion at the Chicago meeting.
Taking advantage of Williams’s pres-
ence, both Groves and Compton pro-
posed that Du Pont operate as well as
build the semiworks. But Williams,
pleading lack of authority, avoided
making a commitment.

The next opportunity for discussing
the semiworks problem came ‘at a
conference on pile project policies,
held in Wilmington on 16 January.
General Groves was away on an in-
spection trip at the Hanford site, but
Colonel Nichols and Maj. Arthur V.
Peterson, the Chicago area engineer,
were on hand. Compton, accompa-
nied by Hilberry and Whitaker, came
determined to persuade Du Pont that,
as builder and operator of the main
production plant, it logically should
also perform both these functions for
the semiworks. But Williams, acting
- again as spokesman for a strong Du
Pont delegation, had ready some ef-
fective counterarguments. In perfect-
ing any new technical process, he
pointed out, Du Pont always left op-
eration of the experimental plant
stage to the research staff. Further-
more, Willilams continued, Du Pont
felt especially unqualified to operate
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the semiworks because it involved
major processes entirely outside the
field of chemistry, the company’s
normal area of specialization. Wil-
liams thus proposed that the Universi-
ty of Chicago operate the semiworks
and Du Pont furnish the university
with engineers, accountants, and simi-
lar personnel.

Compton obviously was profoundly
shocked by Williams’s proposal. Nei-
ther in terms of its fundamental pur-
pose nor of its proper function, he
said, could a university operate an es-
sentially industrial enterprise at a lo-
cation some 500 miles from its
campus. The Du Pont representatives
countered with the observation that
the university would be performing at
least one appropriate function: edu-

. cating company personnel in the spe-

cial art of making plutonium. Comp-
ton knew that the Army would prefer
not having Du Pont take on operation
of the semiworks because it believed
the firm’s resources would be taxed
to the limit in building and operating
the plutonium production plant and
in carrying out its other war con-
tracts. He agreed to consult with
Conant in Washington, D.C., and
with the administration of the Univer-
sity of Chicago.

There can be little doubt that
Compton still held serious reserva-
tions on the task of operating the
semiworks. He was even more dubi-
ous that the University of Chicago ad-
ministration could be persuaded to
agree to the task. Conant gave him no
encouragement; the Harvard presi-
dent took a dim view of a university
running an industrial plant. Hence,
perhaps no one was more relieved
than Compton when the University of
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Chicago agreed to accept a contract
for operation of the plutonium
semiworks. An exchange of letters be-
tween Groves and University of Chi-
cago President Robert Maynard
Hutchins in March 1943 provided the
necessary formal agreement for nego-
tiation of a War Department contract.
Hutchins, who happened to be absent
from the campus at the time the
actual decision was made, remarked
to Compton the next time he saw him
on the street: “I see, Arthur, that
while I was gone you doubled the size
of my university.” 38

For General Groves, successful res-
olution of the plutonium semiworks
problem was a major administrative
achievement. As the program devel-
oped, this accomplishment set the
standard for future cooperation be-
tween Du Pont and Compton’s pluto-
nium research and development ac-
tivities—a key factor in working out
the far more complex problems of
building and operating the great plu-
tonium production works at Hanford.

Program Funding

As the size and complexity of the
atomic energy program increased, the

38 Quoted in Compton, Atomic Quest, pp. 172-74.
See also Dist Engr, Monthly Rpt on DSM Proj, 21
Jan 43, MDR. In his report the district engineer al-
ready refers to the University of Chicago as the “op-
erator” of the plutonium semiworks, more than six
weeks before the university had formally agreed to
take this responsibility. Other items pertinent to
negotiation of the semiworks operation contract are
Ltr, Conant to Compton, 4 Mar 43, OSRD; Ltrs,
Groves to Hutchins, 10 Mar 43, and Hutchins to
Groves, 16 Mar 43, Admin Files, Gen Corresp, 161,
MDR; MDH, Bk. 4, Vol. 2, Pt. 1, p. 2.3, and Pt 2,
pp. 3.1-3.2, DASA; WD-Univ of Chicago Contract
W-7405-eng-39, 1 May 43, ORQO, with pertinent
extracts found in Cert of Audit MDE 17946, E. L.
du Pont de Nemours and Co., 30 Jun 46, Fiscal and
Audit Files, Cert of Audit (Sup), MDR.
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Army had to face the problem of ad-
ditional funding. The decision to de-
velop four processes was obviously
going to cost a great deal more than
could be covered by the original fi-
nancial commitment. A few days after
Groves took command of the Manhat-
tan Project in September 1942, Colo-
nel Marshall discussed with him the
necessity for speed in appropriating
the remainder of the $85 million ear-
lier approved for the program. Only
$38 million had actually been allocat-
ed during the summer, and the rest
would soon be needed. Groves, how-
ever, did not take any immediate
action. In early November, Marshall
again raised this question but now re-
ported that future needs would total
around $400 million. Agreeing with
this estimate, Groves earmarked the
remainder of the $85 million for the
Manhattan Project and laid the
groundwork for a drastic increase in
its funding.

On 15 December, the Military
Policy Committee forwarded the $400
million estimate to the President, rec-
ommending that the necessary addi-
tional funds be made available early
in 1943. Also, the committee urged
that General Reybold, the Engineers
chief, be authorized to enter into con-
tractual obligations beyond the funds
then under his control, should obsta-
cles arise to prevent an early appro-
priation of additional money.

Roosevelt approved the commit-
tee’s recommendations, and prepara-
tions were begun to secure the funds
confidentially within regular Army ap-
propriations. By April 1943, the need
for General Reybold to exercise his
authority to spend additional money
was clear. Some $50 million would be
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required by the end of June and an
additional $286 million within an-
other six months. In late May, Gener-
al Somervell, the Army Service Forces
commander,®? authorized Reybold to
make available to the Manhattan
Project $300 million from engineer
funds; however, by this time, an addi-
tional $400 million was needed to
carry the project through to the end
of 1944. This sum, too, was soon
made available under disguised pur-
poses in the Military Appropriations
Act of 1944. At least for the immedi-
ate future, it appeared fiscal require-
ments had been met. When the prob-
lem rose again in the following year,
new means would have to be devised
to solve it.38

By spring of 1943, approximately
six months after General Groves’s as-
signment to the Manhattan Project,
major advances in the atomic pro-
gram provided more promise than at
any time in the past of success in

37 Initially called the Services of Supply (SOS),
the name was changed to Army Service Forces
(ASF) by WD GO 14, 12 Mar 43.

38 Correspondence (Sep 42-May 43) on this sub-
ject filed in Admin Files, Gen Corresp, 110 (Appro-
priations), MDR. See also MPC Rpt, 15 Dec 42,
MDR; ibid, 12 Aug 43, Incl to Memo, Groves (for
MPC) to Chief of Staff, same date, OCG Files, Gen
Corresp, MP Files, Fldr 25, Tab E, MDR; MPC Min,
5 May 43, MDR; MDH, Bk. 1, Vol. 5, “Fiscal Proce-
dures,” App. B2, DASA.
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building an atomic bomb. These in-
cluded achievement of a self-sustain-
ing chain reaction in the pile method,;
assurance of an adequate supply of
uranium ore; selection of plant sites
and work on their acquisition; letting
of contracts for construction and
plant operation; and appropriation of
requisite funding through 1944. Work
on the design of a bomb was pro-
gressing, bolstered by satisfactory
progress in the research and develop-
ment of methods to isolate a sufhi-
cient quantity of U-235 and of the ap-
parent feasibility of obtaining and
using plutonium as a fissionable ex-
plosive. Project officials now believed
there was a good chance that the pro-
duction of bombs on a one-per-
month basis would begin in the first
half of 1945. By mid-1943, the Man-
hattan District had taken over admin-
istration of most of the OSRD re-
search contracts and was preparing to
assume responsibility for the rest in
short order.2® Now that the period of
joint Army-OSRD administration of
the program was coming to an end,
all work on the development of the
atomic bomb would continue under
the direction of the Army.

3% Dist Engr, Monthly Rpt on DSM Proj, 23 Apr-
24 May 43, MDR.



CHAPTER VI

The Electromagnetic Process

Considered from the viewpoint of
basic military objectives, the single
most important problem of the Man-
hattan Project was how to produce
fissionable materials in the quantity
and of the quality required to make
an atomic bomb. By the end of 1942,
because project leaders were reason-
ably certain that a considerably great-
er amount of fissionable materials
than had been previously estimated
would be needed, the Military Policy
Committee decided to proceed with
full-scale development of three pro-
duction methods: for plutonium, the
pile process; for U-235, the gaseous
diffusion and electromagnetic proc-
esses. Of the three, project leaders
agreed that the electromagnetic
method most likely would be the first
to produce an appreciable quantity of
fissionable material, although not
nearly enough for an atomic weapon.

There remained, however, some
major reservations concerning the
feasibility of the electromagnetic

method as a large-scale production
process. In its recommendation that
the Army initiate construction of a
100-grams-per-day  electromagnetic
plant, the S-1 Executive Committee
indicated that all contractual arrange-
ments should be drawn up so that
they could be readily canceled should

“subsequent developments warrant
. a change of plans.” ! Similarly,
following its fact-finding tour of the
project’s research laboratories, the
Lewis reviewing committee reported:
“We do not see that the electromag-
netic method presents a practical so-
lution to the military problem at its
present capacity. . . .” 2 An electro-
magnetic plant capable of producing
1 kilogram of fissionable material per
day would require at least twenty-two
thousand separation tanks, whereas
the same output could be achieved by
a diffusion plant of only forty-six hun-
dred stages or three 250,000-kilowatt
plutonium piles. These figures im-
plied that an electromagnetic plant
would take longer to build, use up far
more scarce materials and manpower,
require more electrical power to op-
erate, and cost a much greater sum
than either a gaseous diffusion or plu-
tonium plant with equivalent produc-
tion capabilities.®
In spite of the drawbacks of the
electromagnetic method as a large-

! DSM Chronology, 13 Sep 42, Sec. 2(e), OROO.

2Rpt of Lewis Reviewing Committee, in MPC
Rpt, 15 Dec 42, OCG Files, Gen Corresp, MP Files,
Fldr 25, Tab B, MDR.

3 Conclustons of Reviewing Committee, 4 Dec 42,
Admin Files, Gen Corresp, 334 (Special Reviewing
Committee), MDR.
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scale industrial process, each of the
three committees concluded that the
method presented advantages which
outweighed its obvious defects. Based
on a proven laboratory tool, the mass
spectrograph, the electromagnetic
method was the most certain of the
processes to produce at least some
fissionable material, albeit not very ef-
ficiently. Also, a mass production
level could be more rapidly attained
because an electromagnetic plant
could be built in relatively small, self-
sufficient sections, each of which
could begin producing material as
soon as it was completed. Neither the
gaseous diffusion nor pile methods
had this advantage. Finally, too, Gen-
eral Groves and S-1 Chairman James
B. Conant, as well as several of the
other project leaders, perceived the
leadership of Ernest Lawrence as
giving a distinct advantage to the
electromagnetic process. The Univer-
sity of California scientist repeatedly
had demonstrated an ability to find
quick, practical solutions to even the
most difficult technical problems that
had arisen in development of the
process.*

Electromagnetic Research and the Army,
1942-1943

Only weeks after Colonel Marshall’s
assignment as district engineer, the
Army began to take over administra-
tion of engineering, construction,
procurement, and related aspects of
the electromagnetic program, leaving
to the Office of Scientific Research
and Development (OSRD) continued

* MDH, Bk. 5, Vol. 2, “Research,” pp. 1.6-1.8,
DASA; Groves, Now [t Can Be Told, p. 96; Smyth
Report, pp. 145-46; Stone and Webster, 4 Report to
the People, p. 18.
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supervision of research and develop-
ment activities and fiscal and budget-
ary matters. In August, Marshall
opened the California Area Engineers
Office at Berkeley and assigned Maj.
Thomas T. Crenshaw as area engi-
neer and Capt. Harold. A. Fidler as
his assistant. Crenshaw soon estab-
lished himself in the wuniversity’s
Donner Laboratory, adjacent to Law-
rence’s office.5

During the fall and winter of 1942-
43, Major Crenshaw’s office became
increasingly involved in procurement
of materials and equipment for the
research and development program
and with providing liaison between
the Berkeley program and other ele-
ments of the atomic project. In this
period, an important phase of the
staff ’s liaison function was arranging
visits to the Radiation Laboratory for
the various individuals and groups in-
volved In trying to decide what the
role of the electromagnetic process
should be.®

5 MDH, Bk. 5, Vol. 2, pp. 2.1-2.2, DASA; Memo,
Crenshaw to Dist Engr, sub: Weekly Progress Rpt,
22 Aug 42, Admin Files, Gen Corresp, 001 (Mtgs),
MDR; Interv, Author with Fidler, 6 Jul 64, CMH.

8 Subsection based on DSM Chronology, 13-14
Sep 42, Sec. 2(e), 11 Nov 42, Sec. 2(d), 14 Nov 42,
Sec. 2, OROQ; Hewlett and Anderson, New World,
pp. 96, 112, 141-47, 157-58; Rpt, Capt Arthur V.
Peterson, sub: Visit to Berkeley Proj, 17 Oct 42,
Admin Files, Gen Corresp, 680.2 (Berkeley), MDR;
Groves Diary, 1-9 Nov 42, LRG; Rpt, sub: R & D at
Univ of Calif Rad Lab, 24 Apr 45 (prepared as Bk.
5, Vol. 2, of MDH), Figs. 6 and 7, SFOO; MDH, Bk.
5, Vol. 2, pp. 14, 39-3.10, 4.1-4.3, and Vol. 3,
“Design,” pp. 2.6-2.10, 3.5-3.6, App. C6, DASA;
MPC Min, 10 Dec 42, OCG Files, Gen Corresp, MP
Files, Fldr 23, Tab A, MDR; Memo, Lawrence to
Fidler, 8 Mar 43, LRL. For a detailed discussion of
the electromagnetic process, see the appropriate
volumes in Division 1, Electromagnetic Separation
Project, of the National Nuclear Energy Series (see
Bibliographical Note].
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These visitors came to learn first-
hand more about Lawrence’s method
and how it was progressing. After
clearances by Crenshaw’s staff and
the laboratory’s security officials,
Lawrence and his technical staff
showed them the impressive physical
facilities and equipment. They toured
the conventional laboratories on the
university grounds and then the great
domed cyclotron building with its ad-
jacent shops and facilities located in
the hilly area east of the main
campus. There they observed the in-
tensive investigations under way into
the physics and chemistry of separat-
ing U-235 from ordinary uranium by
‘the electromagnetic method. Law-
rence had committed the largest part
of his staff and resources to the phys-
ics or physical aspects of the separa-
tion process, centering this research
in two buildings, one housing a 37-
inch magnet and the other a 184-inch
magnet. The availability of these cy-
clotron magnets, which were excep-
tional in size and strength, was the
single most important factor in
making possible research into the fea-
sibility of the electromagnetic method
as a production process. Research
into the chemical aspects of the sepa-
ration process under Lawrence’s di-
rection was a much smaller program,
with  laboratory investigations in
progress at both the Berkeley and
Davis campuses of the University of
California.?

7 Not all research into the chemistry of the elec-
tromagnetic process was located at the University of
California, Berkeley. The OSRD also had contracted
with Brown, Purdue, and Johns Hopkins to investi-
gate some aspects. Subsequently, too, the electro-
magnetic production plant operator, the Tennessee
Eastman Corporation, carried on chemical research
for the process in Eastman Kodak laboratories in
Rochester, N.Y., and near the plant site in QOak
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Lawrence and his scientist col-
leagues repeatedly emphasized to visi-
tors that their ultimate success or fail-
ure depended on development of the
calutron—a name derived from the
words California, university, and cyclo-
tron. If they could redesign the calu-
tron, a novel hybridization of two
well-known laboratory  tools—the
mass spectrograph and the cyclotron
magnet—so that it would operate not
only intermittently, as in the labor-
atory, but also on an around-the-
clock, day-after-day, month-after-
month basis without breakdown, then
they would have the means for pro-
ducing a significant amount of en-
riched uranium for an atomic weapon.

Lawrence had made some design
modifications in the first calutron, in-
stalled in the 37-inch magnet, follow-
ing successful experiments in Febru-
ary 1942. He found, however, that he
was unable to test the validity of these
changes until he had access to a more
powerful magnetic field. This became
available in the spring with comple-
tion of the 184-inch magnet. The re-
designed calutron became the proto-
type for the first production units at
the Tennessee plant. Mounted on a
metal door, this calutron could be
taken out of its vacuum tank as a
single unit, which greatly facilitated
recovery of any of the valuable urani-
um feed material adhering to compo-
nents and also expedited reloading
and maintenance.

At the same time, Lawrence’s group
had also developed the essential
supporting components—magnet,
vacuum pumps, cooling systems, and

Ridge, Tenn. See MDH, Bk. 5, Vol. 2, pp. 1.1-1.2,
3.1, 4.1, DASA.
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electrical power and control equip-
ment. While these components were
more conventional in design and
function, they still had to be adapted
to conform to the requirements of the
electromagnetic process. The design
engineers, for example, decided that
the most efficient layout for the mag-
nets and tanks was in an oval-shaped
pattern, thus creating the racetrack
configuration that characterized each
major element of the production
plant. A special system of pumps
achieved and maintained the required
vacuum equivalent of one one-hun-
dred-millionth of normal atmospheric
pressure in hundreds of calutron
tanks.

Involving less space, fewer person-
nel, and mainly conventional proce-
dures, the chemical aspects of the
electromagnetic process must have
appeared far less important; neverthe-
less, both the first and final stages of
the process were essentially chemical
operations and required new tech-
niques and chemical substances about
which relatively little was known. For
the first stage the chemists had to de-
velop a method of large-scale produc-
tion of uranium tetrachloride, the
most promising feed material for the
calutrons. For the last stage they had
to devise an efficient method to ex-
tract the enriched uranium produced
by the calutrons and prepare it for
use by the Los Alamos Laboratory
scientists in developing an atomic
bomb. By early 1943, the chemists
had made substantial progress on
both the feed material and extraction
techniques.

Virtually all who visited the Radi-
ation Laboratory at Berkeley came
away impressed with the feasibility of
the electromagnetic research program
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and with the eminently empirical
approach of Lawrence and his staff.
This approach, characterized by a
frequently demonstrated talent for
finding practical solutions to every
problem, inspired project leaders with
further confidence in Lawrence’s
process as they prepared to transform
the research data and devices into an
industrial production plant at the
Tennessee site.

Research and Development, 1943-1945:
Radiation Laboratory

As the electromagnetic program
shifted from basic research to the
problems of designing, building, and
operating a major production plant,
the Army brought the project more
directly under its administrative juris-
diction. Replacing OSRD contracts
with War Department contracts was
an important step in attaining this
goal.

The University of California accept-
ed a letter contract from the district
engineer, effective 1 April 1943,
pending the working out of details of
a formal War Department contract.
Then on the sixteenth, representa-
tives of the Manhattan Dastrict,
OSRD, and the university’s Board of
Regents reached final agreement on
terms of a new prime contract cover-
ing most aspects of the atomic re-
search program in progress at the Ra-
diation Laboratory. The new contract
went into effect on 1 May, bringing to
an end the OSRD’s formal connection
with the California project. Hence-
forth, until the Army terminated con-
trol of the atomic energy program at
the end of 1946, this new agreement,
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renewed annually, provided the con-
tractual basis for continuing the re-
search and development activities req-
uisite to construction and operation
of the electromagnetic plant in Ten-
nessee. In recognition of the overrid-
ing requirements of security, the re-
gents assented to leaving all details of
managing the program as they related
to the university to their secretary,
Robert M. Underhill, and to Law-
rence. Some subsequent modifica-
tions in the prime contract relating to
health and chemistry activities did not
result in major changes in the Radi-
ation Laboratory program, nor in the
Army’s relationship to it.?

In general, fiscal arrangements re-

mained the same as they had been
under the OSRD contract, with one
significant exception. The War De-
partment contract provided that an
amount equal to 25 percent of the
total funds allotted for salaries and
wages could be used by the university
to defray its overhead expenses in op-

8 Ltr Contract W-7405-eng-48, Marshall to Univ
of Calif, Attn: R. M. Underhill, 1 Apr 43, copy in
MDH, Bk. 5, Vol. 2, App. C3, also see pp. 2.1-2.3,
DASA; Historical Summary of Contract W-7405-
eng-48, May 43-Aug 47, comp. by Russell H. Ball,
Jan 48, with significant correspondence on subcon-
stracts W-7405-eng 48A (health) and W-7405-eng
48B (chemistry) under Tab 6, pp. 35-49 and 50-60,
SF00; NDRC and OSRD Contracts with Univ of
Calif, Jun 41-Sep 42, SFOO; Rpt, sub: R & D at
Univ of Calif Rad Lab, 24 Apr 45, pp. 19-28, SF00;
Fidler Interv, 6 Jul 64, CMH. The Radiation Labo-
ratory health reseach program, directed by J. D.
Hamilion, functioned as a part of the project-wide
health program of the Manhattan District, which was
centered at the Metallurgical Laboratory in Chicago.
A chemistry program, directed by W. M. Latimer,
had grown out of the participation of the University
of California’s chemistry department in the early
phases of atomic research at Berkeley. When the
OSRD contracts for these programs came up for re-
newal in June 1943, the Army continued them as
separate projects operating under the prime
contract.
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erating the Radiation Laboratory; the
OSRD contract had provided 30 per-
cent for this purpose. Partly in reac-
tion to this reduction in overhead al-
lotment, in November 1943 business
representatives of the University of
California, University of Chicago, and
Columbia University requested the
Manbhattan District to include a provi-
sion in prime contracts guaranteeing
the universities, in view of their non-
profit status, against a profit or loss
in administering atomic research pro-
grams. Following several months of
negotiation with the universities, the
District agreed in May 1944 that the
government would compensate them
if their overhead costs should exceed
their 25 percent allowance and, con-
versely, they would return to the gov-
ernment any surplus that might result
from this allowance.

At the same time, the District
added a provision in the prime con-
tracts with California, Chicago, and
Columbia for a so-called welfare fund.
Thus, in the case of California, the
government established a fund of
$500,000, which was to continue in
existence for a period of ten years
after termination of its contract with
the War Department. Any claims
made by Radiation Laboratory em-
ployees or their relatives during that
time because of death or disability re-
sulting from a specified list of unusual
hazards in atomic research activities—
for example, radioactivity, high vol-
tages, and movement of objects by
magnetic forces—would be paid from
this fund. The government provided
the money for the fund and the uni-
versity administered it with assistance
of a private insurance company. The
welfare fund took the place of the
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OSRD’s private indemnification insur-
ance, which the District had contin-
ued only until such time as a gov-
ernment-financed system could be
established.®

The Army’s first major administra-
tive task after the formal contract
became effective was to supervise
preparation of the program’s fiscal
year (FY) 1944 budget. As of mid-1943,
cost of the program had reached about
$500,000 a month, and was following
an upward trend. District and univer-
sity officials agreed upon a request for
$7.5 million (an average of $625,000
per month) for FY 1944. By November,
however, Regents Secretary Underhill
was warning Captain Fidler, who had
replaced Major Crenshaw as area engi-
neer, that even this increased sum was
not likely to be enough to meet mush-
rooming costs. Underhill estimated
that the university would need an addi-
tional $1.5 to $2 million in the remain-
ing months of FY 1944. Consequently,
the District approved a supplementary
appropriation, bringing total cost to
$9.5 million.

The Army’s negotiations with the
University of California for the FY
1944 budget set the pattern for sub-
sequent years. Even after the electro-
magnetic production plant began op-
erations in the spring of 1944, the
electromagnetic research program
continued to require a large staff to
solve production problems and make
improvements in plant operations.
Thus, for the FY 1945 budget, the
Army scheduled $8.5 million, al-

? Rpt, sub: R & D at Univ of Calif Rad Lab, 24

* Apr 45, pp. 24-27, SFOO; MDH, Bk. 5, Vol. 2, p.

2.3, DASA; Ltr, Underhill to Nichols, 13 Mar 44,

Tab 6, Historical Summary of Contract W-7405-

eng-48, SFOO; Ltr and Incl, Nichols to Lawrence,
15 Apr 44, Tab 9, ibid.
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though only $6.5 million was actually
expended. By the time the war ended
in August 1945, total outlay for the
electromagnetic research program
had reached about $20 million—some
$3.7 million under OSRD con-
tracts before 1 May 1943 and the
remainder under the War Department
contract.!?

Increases in cost reflected the very
rapid expansion of the Radiation Lab-
oratory, both in terms of personnel
and physical facilities. In May 1943,
when the Army assumed full responsi-
bility for the research program, the
laboratory was occupying a number of
buildings in two different locations on
the Berkeley campus. Starting out
modestly in 1941 in the prewar Radi-
ation Laboratory building, atomic re-
search activities gradually had spread
into four adjacent structures, includ-
ing the new Donner Laboratory, and,
by mid-1942, to the new 184-inch-
cyclotron building in Berkeley Hills.
Soon the circular-shaped cyclotron
building, standing on the slope of a
hill some 900 feet above the campus
proper, was ringed with smaller addi-
tional structures housing a machine
shop, chemistry laboratories, ware-
houses, and other facilities essential
to operating and testing calutrons
and other equipment prototypes de-
signed for the production plant in

10 Rpt, Underhill, sub: Hist of Contract W-7405-
eng-48, [probably 1948], Tab 1; Ltr, Underhill to
Fidler, 10 Nov 43, Tab 5b; Ltr, Fidler to Underhill,
16 Feb 44, Tab 5e; Memo, Fidler to Dist Engr, sub:
Contract W-7405-eng-48, 18 Feb 44, Tab 5d;
Memo, Priestly to O. Lundberg, sub: Budgets for
1944-45 for Projs 48, 48A and 48B, 29 Jun 44, Tab
7; Ltr, Nichols to Univ of Calif Regents, Attn: Un-
derhill, 20 Mar 45, Tab 8a. All in Historical Summa-
ry of Contract W-7405-eng-48, SFOO. See also
Ltr, Lawrence to Nichols, 24 Mar 44, Admin Files,
Gen Corresp, 001 (Mtgs), MDR.
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Tennessee. Part of the chemistry pro-
gram, too, had overflowed facilities
on the Berkeley campus and been
moved to the University of Califor-
nia’s School of Agriculture at Davis.

For each new structure or renova-
ton, Lawrence and his staff laid out
preliminary plans and estimates,
which went to the area engineer’s
office for approval and checking. De-
tailed supervision of construction was
left to Radiation Laboratory business
manager Kenneth Priestly. To expe-
dite the work and minimize security
problems, Priestly let contracts. to the
local firms that the university had em-
ployed extensively in the past. For the
same reasons, most contracts were of
the fixed-fee or lump-sum type. By
mid-1945, Priestly had allocated for
various types of construction more
than $300,000 from funds allotted
under the University of California’s
War Department contract.!?

By far, the largest expenditures
were for salaries and wages of the re-
search staff and for the laboratory
equipment and materials they needed.
Annual payroll costs were running at
a level of nearly $3 million in May
1943, when the Army assumed full
control of the Manhattan Project, and
had reached a high point of about
$3.7 million a year later. Equipment
and other expenses, although some-
what less than personnel, attained a

11 Constr Completion Rpt, Univ of Calif Rad Lab,
sub: Contract W-7405-eng-48, 1 May 43-1 Aug 46,
comp. by Calif Area Engrs Office, 1 Sep 46, SFOO
(with maps of the two campus areas where major
laboratory facilities were located and with selected
photographs of important buildings); Rpt, W. B.
Reynolds (Rad Lab Man Engr), sub: Notes on 184-
inch Cyclotron, 16 Jun 45, SFOO; “Domed Building
Fitted to Research Needs,” Engineering News-Record, 9
Apr 42, pp. 64-66; MDH, Bk. 5, Vol. 2, pp. 2.7-2.8,
DASA.
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maximum of nearly $300,000 a month
in November 1943.12

Starting in 1941 with personnel of
the University of California’s Radi-
ation Laboratory, which Lawrence
had been building up since the
1930’s, the staff at Berkeley grew rap-
idly. By May 1943, as primary empha-
sis began to shift from basic research
to engineering and developmental
problems and training of operational
personnel for the Tennessee plant, it
numbered almost nine hundred scien-
tists, technicians, engineers, mechan-
ics, clerks, skilled workers, and others.
By mid-1944, there were nearly
twelve hundred on the Radiation Lab-
oratory payroll, and total employment
remained well above one thousand
until the end of the war.13

The basic organization of the Radi-
ation Laboratory had taken shape
under Lawrence’s guidance in the
years immediately preceding the out-
break of World War II and con-
formed, more or less, to the conven-
tional pattern for peacetime academic
research programs, with a major divi-
sion into research and administrative
staffs. While Lawrence, as director,
theoretically exercised equal control
over both divisions, he devoted his
energies to the research staff, delegat-
ing to the OSRD and then the Army
the administration of nonscientific ac-
tivities. Major responsibilities for
these activities devolved upon Cap-
tain Fidler, the area engineer. Fidler
worked closely with Regents Secretary
Underhill, and also with Priestly who,

12 Chart, Proj 48 Expenses Estimated by Months
to Nearest $5,000, in MDH, Bk. 5, Vol. 2, App. B11,
DASA.

13 Chart, Lab Personnel by Months (UCRL), in
MDH, Bk. 5, Vol. 2, App. B2, DASA.
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as the laboratory’s business manager,
supervised administration of finances
and personne].14

In providing personnel, security,
and other administrative services for
the research staff, the area engineer
dealt with teams of scientists and
technicians organized along function-
al lines under three broad areas of in-
vestigation. The physics division, by
far the largest, worked on the experi-
mental calutrons, vacuum problems,
mechanical and electrical design, reas-
sembly of equipment, and fundamen-
tal physical research. The chemistry
division, much smaller, investigated
problems of preparing feed material
for the calutrons and recovery and
purification of their output of U-235
and ordinary uranium. The biological
group constituted a subsidiary ele-
ment of the Manhattan District’s med-
ical research program that had its
headquarters at the Metallurgical Lab-
oratory in Chicago. The area engi-
neer provided its director with admin-
istrative support in coordinating the
activities of his group with Lawrence’s
program, based upon primary guid-
ance from the Chicago medical scien-
tists. The Army was helpful, too, in
assisting the laboratory in recruitment
and maintenance of a staff of several

14 Paragraphs on the Radiation Laboratory based
on Rpt, Peterson, sub: Visit to Berkeley Proj, 17 Oct
42, Admin Files, Gen Corresp, 680.2 (Berkeley),
MDR; Directory of Personnel, MD and Univ of Calif
Personnel of R & D Group, 20 May 43, SFOO; Rpt,
sub: R & D at Univ of Calif Rad Lab, 24 Apr 45, pp.
30-46, SFOO; MDH, Bk. 5, Vol. 2, pp. 5.2-5.4, and
Vol. 3, pp. 5.1-5.3 and App. B5 (Org Chart, Univ of
Calif Lab Proj), DASA; Interv, Author with Reyn-
olds, 6 Jul 64, CMH; Visitors Permits [Rad Lab],
Oct 43 through 1946, Visitors Info File, SFOO;
Fidler Interv, 6 Jul 64, CMH; Min, Coordination
Committee Mtgs, Oct 42-Mar 44, Admin Files, Gen
Corresp, 337 (Mtgs and Confs-Univ of Calif), MDR;
Hewlett and Anderson, New World, p. 150.
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hundred technicians and skilled work-
men, who supported the work of the
scientists and engineers.

Adding to the complexity of admin-
istering the Radiation Laboratory
were the periodic influxes of scien-
ufic, engineering, and other technical
delegations not only from the major
American contractors but also those
from abroad. Such firms as the Stone
and Webster Engineering Corpora-
tion, Westinghouse Electric and Man-
ufacturing Company, and especially
the Tennessee Eastman Corporation
sent their personnel to Berkeley to
assist in plant development, or for
orientation and training in the elec-
tromagnetic process. And in Novem-
ber 1943, Australian physicist Marcus
L. E. Oliphant, who had played a sig-
nificant role in the development of
radar, and thirty of the British scien-
tists who had come to the United
States to aid in the atomic project
were assigned to the laboratory—
some until the end of the war—to
work on various aspects of electro-
magnetic research.

The arrival and. processing of each
of these groups presented special
problems to the area engineer in se-
curity and safety, to the laboratory
business manager in personnel and fi-
nance, and to the laboratory director
in program and staff coordination.
These problems were further multi-
plied and magnified by their high
turnover rate, the result of the
project’s need for scientific expertise
at other facilities. As early as 1943,
the Army had begun to send many of
the contractors’ specialists to the
Clinton Works to assist Tennessee
Eastman in preparing to operate the
electromagnetic plant. The area engi-
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neer’s staft facilitated their transfer,
eventually permanently reassigning a
sizable number. Again, in September
1944, the staff oversaw the move of
one-third of the British scientists to
the Tennessee site.

For the most part, the area engi-
neer’s staff was not directly involved
in the many meetings of committee
and group leaders who planned
research, assessed the results of ex-
perimental work, and advised on reas-
signment of technical and scientific
personnel. But the area engineer and
other Manhattan representatives did
participate in one key group, the Co-
ordination Committee. Business and
scientific leaders of the laboratory
and representatives of the major con-
tracting firms attended the weekly
meetings of this committee, which
Lawrence had established to ensure
coordination of effort between his
program and the many outside orga-
nizations collaborating on design and
construction of the electromagnetic
production plant. After each session
Captain Fidler, who had extensive
training and experience in both engi-
neering and science, prepared a writ-
ten report of the entire proceedings
to keep General Groves, and other
District personnel, up to date on the
progress of research and development
activities at  Berkeley. Whenever
Groves visited the laboratory, usually
once a month during the crucal
period from October 1942 to Novem-
ber 1943, Lawrence convened the
weekly committee meeting to coincide
with the commander’s itinerary. Feel-
ing that the meetings provided an ex-
cellent means of communication with
the key members of the laboratory
staff, Groves took an active role in the
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free-for-all discussions of electromag-
netic problems.

The area engineer’s staff also car-
ried on a number of other activities,
most of them of a routine character.
It took part in the negotiation and in-
terpretation of contracts and the
review of fiscal plans and policies; as-
sisted in those aspects of personnel
administration  involving  military
problems, especially the obtaining of
deferments for key scientific and tech-
nical employees; expedited procure-
ment of equipment and materials,
particularly those in scarce supply;
and supervised the more ordinary as-
pects of security. For example, to
avoid any possibility of revealing the
connection of the University of Cali-
fornia with the Army and the atomic
project, Groves always conducted his
inspections of the laboratory in civil-
1an clothes. When he arrived at the
San Francisco airport, Fidler met
Groves clandestinely and whisked him
off to his own house so that the gen-
eral could change from military into
civilian attire before going to the
university.

Even the remarkably smooth course
of the collaboration between the Uni-
versity of California, Berkeley, and
the Manhattan District—a testimony
to the success of Captain Fidler’s hai-
son efforts, Groves’s strenuous en-
deavors to keep himself fully in-
formed, and Lawrence’s exceptional
administrative capabilities—on occa-
sion was punctuated with a few prob-
lems, primarily because the university
administration had to accept Manhat-
tan’s substantial requirements largely
on faith for reasons of security. In
mid-January 1943, sensing a disrup-
tion to normal university activities,
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William J. Norton, the university busi-
ness manager, complained to Groves
in no uncertain terms: “To date I
have not seen the scratch of a pen—
one written word setting forth the
suggestions or directives of the gov-
ernment representatives in regard to
the conduct of the Radiation Labora-
tories on the Berkeley campus. . . .”
Noting that he was aware that in the
past half year several Army officers,
including Groves, had visited the
campus, Norton continued that “in-
variably, after one of these visits,

[my] office is deluged with requests
by numerous persons for more office
space, laboratory space, entire build-
ings, shops, more guards, more of
this and that—all in the name of the
General or the colonel, or the captain
who has just visited the various

plants. But for some reason I am
never in on the discussions at the
start.” Norton then assured Groves

that he wished to have the project run
smoothly, an objective that could be
much more easily achieved, he said, if
the general would only let him know
the importance of the project and
who on the campus officially repre-
sented the Manhattan District.!%
Groves wrote to University of Cali-
fornia President Robert G. Sproul,
carefully explaining the reasons for
the secrecy of the project and for the
complicated and sometimes confusing
relationships that existed between the
Army, the university, and the con-
tracting firms. He then outlined brief-
ly the anticipated requirements for
further space in university buildings.
“Captain Fidler has been 1nstructed,”
he stated, “to keep you [President

15 Ltr, Norton to Groves, 14 Jan 43, Admin Files,
Gen Corresp, 161 (Univ of Calif), MDR.

THE ARMY AND THE ATOMIC BOMB

Sproul] fully informed at all
times” concerning the physical needs
of the project.’® Groves also had re-
quested that the War Department ex-
plain to Sproul the importance of the
work in progress at the Radiation
Laboratory. “[Its] energetic prosecu-
tion . . . ,” Secretary of War Stimson
wrote, “is a vital military necessity,
for it is one of the foundation stones
of an extremely important, probably
the most important, development
project in our war activities.” 7

Not all basic research for the elec-
tromagnetic process was done under
the University of California contract.
In June 1943, District representatives
arranged with Tennessee Eastman to
carry out research on certain aspects
of process chemistry, using laboratory
facilities (leased from Eastman Kodak)
in Rochester, New York, and at the
plant site in Tennessee. Cost of these
research contracts, as well as those
for process improvement in 1944 with
Johns Hopkins and Purdue Universi-
ties, were small by comparison with
the expenditures at the University of
Califormia, totaling considerably less
than $2 million.'®

Design and Engineering, 1943-1945

At its 25 June 1942 meeting, the
S-1 Executive Committee decided
that Stone and Webster would have
primary responsibility for basic design
and engineering of both buildings

5Ltr, Groves to Sproul, 27 Jan 43, Tab 2, Histor-
ical Summary of Contract W-7405-cng-48, SF00.

17Lurs, Stimson to Sproul, 27 Jan 43, and Groves
to Fidler, 8 Feb 43, Tab 2, Historicat Summary of
Contract W-7405-eng-48, SF00.

'MDH, Bk. 5, Vol. 2, pp. 1.1, 2.5-2.10, Apps.
B4, B6-B9, B12-B15, DASA; Hewlett and Ander-
son, New World, p. 158.
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TABLE 1—STONE AND WEBSTER ENGINEERING AND DESIGN PERSONNEL

Date At Boston | At Berkeley gei}(;i Total
1 January 1943, 239 29 9 277
LJuly 1943 e 738 19 13 770
1 January 1944 743 13 33 789
1 July 1944.......... 685 8 79 772
1 January 1945 . 463 8 49 520
1 July E945 e 338 3 40 381

& Clinton and elsewhere.
Source: MDH, Bk. 5, Vol. 3, “Design,” p. 3.52.

and equipment at the Tennessee
site.’® For security, the company
formed a separate design organiza-
tion, which by mid-1944 had nearly
750 employees occupying thirteen
floors in four buildings in Boston
and, in addition, a subordinate unit at
the Berkeley campus and a liaison
office at the Tennessee site (Zable 1).

To monitor the Stone and Webster
design group, the district engineer es-
tablished in August 1942 the Boston
Area Engineers Office and assigned
Maj. Benjamin K. Hough, Jr., to head
a relatively small staftf. From the be-
ginning, one of Major Hough’s most
important responsibilities was to
ensure that the Stone and Webster
design group functioned under maxi-
mum security conditions. The special
group thus worked separately from
other company employees, and over-
all knowledge of the electromagnetic
project was limited to a few key offi-
cials and to August C. Klein, the com-
pany’s chief mechanical engineer and

YIn addition to the main production facilities,
Stone and Webster also designed most of the elec-
tromagnetic plant auxiliary, service, and support fa-
cilities—including experimental racetracks to train

newly appointed project engineer for
the electromagnetic plant. The area
engineer’s staff also assisted the com-
pany in developing special security
control measures in distribution of
thousands of drawings to General
Electric, Westinghouse, and other
firms providing equipment and mate-
rials. The designs reflected the em-
phasis on security and speed in every
phase of development. Wherever fea-
sible, Stone and Webster designers
planned to use standard items of
equipment and customary methods of
construction, primarily to save time.
There was, however, a limit to the
extent that standardization would be
possible because of the special char-
acter of the processes; the need for

exceptionally close tolerances and
performance capabilities; and, as
proven by experience, 1nevitable

changes in equipment design.?°

plant operators, shops, steam plants, a foundry,
warehouses, cafeterias, and community utilities.
2Cert of Audit MDE 177-46, Boston Area,
26 Apr 46, Fiscal and Audit Files, Cert of Audit
Registers, MDR; Org Charts, U.S. Engrs Ofhce,
MD, 15 Aug 43, 28 Aug and 10 Nov 44, Admin
Files, Gen Corresp, 020 (MED-Org), MDR; List of

Continued
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By the turn of the year, Lawrence
and his staff at the Radiation Labora-
tory had made significant progress
not only in their electromagnetic re-
search but also in the areas of prelim-
inary design and engineering of plant
facilities, the results of which they for-
warded to Stone and Webster. But
before design of the plant could pro-
ceed very far, company engineers
needed answers to two important
questions: How rich in U-235 must
the final product be and would a
single-stage  electromagnetic plant
achieve that degree of enrichment?
On 4 January 1943, Oppenheimer
furnished Lawrence with a tentative
answer. The goal, he wrote Lawrence,
must be near-perfect separation, that
is, production of practically pure U-
235 as the final product. Any lesser
enrichment, Oppenheimer believed,
would require such a large amount of
the very heavy uranium that its weight
would make it unacceptable for a
weapon.2! The degree of enrichment
possible with a single-stage plant was
not definitely known, but it would not
be enough to meet such stringent
standards. A second-stage facility
might take uranium processed in the
original 500-tank plant and bring it to
the required higher degree of
enrichment.

Key Personnel, MD Area Offices (ca. Nov 44),
Admin Files, Gen Corresp, 231.001 (LC), MDR;
MDH, Bk. 5, Vol. 3, pp. 3.51-3.52, DASA; Tables
(Employment by MD on Design, Research and
Constr as of 31 May, 31 Jul, and 31 Oct 43) in Rpt,
sub: MD Proj Data as of 1 Jun 43 (most items as of
1 Jun 43, but tables appear to have been added at
later date), Admin Files, Gen Corresp, 600.12 (Projs
and Prgms), MDR; Completion Rpt, Stone and
Webster, sub: Clinton Engr Works, Contract W-
7401-eng-13, 1946, p. 143, OROO.

21 Ltr, Oppenheimer to Lawrence, 4 Jan 43,
Admin Files, Gen Corresp, 201 (Lawrence), MDR.
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At the Coordination Committee
meeting in early February, Lawrence
expressed the view that design of the
second-stage might reasonably be de-
layed for another two months, pend-
ing receipt of data on the degree of
enrichment attained in the expen-
mental XA calutrons nearing comple-
tion at Berkeley. If this data indicated
eventual achievement of 70- to 80-
percent enrichment, no second stage
would be necessary. Groves dis-
agreed. There always had been the
possibility that the electromagnetic
process would be coordinated with
some other isotopic separation proc-
ess (he probably had in mind the gas-
eous diffusion plant), and he believed
the second-stage facility would be
necessary either as a supplement to
the first stage of the electromagnetic
plant or as part of a plant for enhanc-
ing the slightly enriched product from
another plant.

As Groves departed from Berkeley
on 14 February, he urged that prompt
decision should be reached on the
Beta process, as it now came to be
called to distinguish it from the first
stage, or Alpha process. The Radi-
ation Laboratory staff had convinced
him that the Beta tanks could prob-
ably be designed to make maximum
use of Alpha-type equipment, but he
needed further assurance from Stone
and Webster that a second stage
would not delay completion of the
first stage.

General Groves and Colonel Mar-
shall conferred with Stone and Web-
ster on 17 March. Marshall took the
mitiative in securing a firm agreement
that the first five Alpha racetracks at
the Clinton Engineer Works (CEW)
would be identical in design and
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equipment, to guarantee their com-
pletion at the earliest possible date.
When the company assured Groves
that Beta construction would not
delay the Alpha units, he gave his ap-
proval for the second stage.22

By late spring, design development
for both stages was in full swing. The
Berkeley, Clinton, and Boston design
staffs worked under constant pressure
from Groves and other project lead-
ers to produce thousands of blue-
prints for five Alpha and two Beta
racetracks. The emphasis on speed
took its toll. Frequently, General
Electric, Westinghouse, and the other
firms manufacturing components for
the racetracks had to incorporate es-
sential design changes after equip-
ment was fabricated and installed,
and inevitably some equipment fail-
ures occurred. Everyone connected
with the electromagnetic project soon
realized design, redesign, and process
improvement would continue long
after the first major units of the plant
began production operations.23

22 Min, Coordination Committee Mtgs, 3 and 13
Feb 43, MDR; Excerpt from Memo, M. P. O’Brien
(Rad Lab Ex Engr) to Fidler, 14 Feb 46, quoted in
par. 1d of Memo, Fidler to Groves, sub: Initiation of
Work on Y-12 Beta Process, 22 Oct 46, Admin
Files, Gen Corresp, 319.1, MDR; Hewlett and An-
derson, New World, pp. 151-52.

23 This and following paragraphs on electromag-
netic design based on MDH, Bk. 5, Vols. 2-3,
DASA; Hewlett and Anderson, New World, pp. 149-
67; Ltr, Lawrence 1o Groves, 14 Jun 43, Admin
Files, Gen Corresp, 440.17 (Mfg-Prod-Fab), MDR;
Lawrence to Groves, 3 Aug 43, Admin Files, Gen
Corresp, 095 (TEC LC), MDR; Memo, Maj Wilbur
E. Kelley (Y-12 Opns Div chief, CEW) to Lt Col E.
H. Marsden (Ex Off, MD), sub: Summary of Y-12
Proj as of 9 Aug 43, same date, Admin Files, Gen
Corresp, Misc File, MDR; Min, Coordination Com-
mittee Migs, 2, 9, 30 Sep and 17 Nov 43, MDR;
MPC Min, 13 Aug 43, MDR; Rpt, sub: R & D at
Univ at Calif Rad Lab, 24 Apr 45, pp. 17 and 23,
SFOOQO; Dist Engr, Monthly Rpts on DSM Proj, Sep
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By summer, with most blueprints
for Alpha I completed and procure-
ment contracts for plant equipment
arranged, Groves approved design
changes in the fifth Alpha I racetrack.
In September, he authorized con-
struction of Alpha II, comprised of
four additional racetracks incorporat-
ing the improved design (a step rec-
ommended earlier by the Military
Policy Committee). He also approved
two more Beta racetracks, to process
the additional output from Alpha II.

Thanks to experience gained on the
Alpha racetracks, design of the Beta
racetracks posed fewer problems.
Beta chemical equipment, however,
was quite a different story, because of
the small quantities of material under-
going processing and the fantastically
high value of U-235. To prevent even
a minimum loss of output, the design-
ers made the equipment as small as
possible and used corrosion-resistant
materials and special devices to recov-
er the last traces of U-235.

With the start of plant construction,
continuing design activities assumed a
secondary role. Lawrence and his col-
leagues continued to propose innova-
tions and design alterations in the
racetracks, but General Groves con-
sistently followed a policy of approv-
ing only changes that clearly would
speed up progress. Hence, Radiation
Laboratory scientists, in 1944 and
1945, were relegated largely to the
role of consultants to Stone and Web-
ster, Tennessee Eastman, and the
other contractors, assisting them to
improve design and operation of the
existing plant facilities.

and Nov 43, OCG Files, Gen Corresp, MP Files,

Fldr 28, Tab A, MDR.
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Building the Electromagnetic Plant

Actual construction began in Febru-
ary 1943 on a tract of 825 acres locat-
ed in Bear Creek Valley, some dis-
tance southwest of the rapidly grow-
ing community of Oak Ridge (Map 3]
Project engineers had selected this
location because they hoped the
wooded ridges paralleling the valley
would limit possible lethal effects of a
major explosion or similar accident.
There was more than ample room be-
tween ridges to permit adequate spac-
ing of the numerous plant facilities
that, at the height of plant operations,
would include nine main process
buildings and some two hundred aux-
iliary structures, comprising nearly 80
acres of floor space.2*

Construction Procurement

Stone and Webster had primary re-
sponsibility for procuring the materi-
als, equipment, and field construction
force needed for building the produc-
tion plant; however, the Army had di-
rected that the firm consult regularly
with the Radiation Laboratory and
with the major manufacturing con-
tractors in carrying out materials and
equipment  procurement.25  Both
Stone and Webster and Manhattan of-
ficials had agreed that, because of the
special nature of much of the equip-
ment required for the electromagnetic
process, only the leading manufactur-
ing firms in the electrical equipment
field were likely to have the resources
and capabilities necessary to supply it.

24 A detailed discussion of most aspects of elec-
tromagnetic plant construction may be found in
MDH, Bk. 5, Vol. 5, “Construction,” DASA.

23 A detailed discussion of the procurement of
manpower for the electromagnetic project appears

in Ch. XV].
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Consequently, in early 1943 Stone
and Webster, with considerable assist-
ance from District officials, negotiated
subcontracts with General Electric,
Westinghouse, Allis-Chalmers, and
several smaller firms to design and
manufacture such items as regulators,
rectifiers, calutron tanks, diffusion
pumps, magnet coils, and vacuum
valves that would meet the project’s
high standards for workmanship and
performance and, at the same time,
comply with its stringent procurement
deadlines. 28

As Stone and Webster negotiated
contracts, it also developed an elabo-
rate purchasing organization at its
Boston office. This organization
worked closely with the Boston Area
Engineers Office and, through a pro-
curement unit established at the Ten-
nessee site, with the CEW Construc-
tion Division. In addition to the 150
persons employed in Boston and
Tennessee, Stone and Webster main-
tained another 250 representatives in
the field at contractor plants and in
major industrial areas. These field
workers checked equipment for con-
formity to specifications, expedited
deliveries, and assisted in locating
scarce materials for subcontractors.
Stone and Webster’s procurement or-
ganization also worked closely with
the Washington Liaison Office, espe-
cially in obtaining critical materials,

268 Subsection based on MDH, Bk. 5, Vol. 2, pp.
3.3, 3.9, 4.6, Vol. 3, pp. 4.1 and 4.3-4.24, and Vol.
5, pp. 6.1-6.2, DASA; Completion Rpt, Stone and
Webster, sub: CEW, Contract W-740l-eng-13,
1946, pp. 19, 21-23, 14648, OROO; Org Charts,
U.S. Engrs Office, MD, 15 Aug and 1 Nov 43, MDR;
Fine and Remington, Corps of Engincers: Construction,
p. 678; Min, Coordination Committee Mtgs, 23 Dec
42 and 23 Jan, 6 and 13 Feb, 29 Apr, 21 Oct 43,
MDR.
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on which it achieved an excellent
record of placing most orders within
a few days of construction authoriza-
tion. Maj. Wilbur E. Kelley, a young
engineer from Indiana who was re-
sponsible for overseeing electromag-
netic activities for the Manhattan Dis-
trict, and Lt. Col. Warren George,
head of the CEW Construction Divi-
sion, also kept a watchful eye on pro-
curement. (Eee Chart 2|)

The sheer quantity and variety of
materials and equipment that rolled
in by the trainload over a recently
built spur track to the construction
site taxed the monitoring capabilities
of the CEW Construction Division.
Starting in the spring of 1943, the
builders of the plant moved into the
site more than 2,157 carloads of elec-
trical equipment; 1,219 of heavy
equipment; 5,389 of lumber; 1,407 of
pipe and fittings; 1,188 of steel; 257
of valves of all sizes; and 11 of weld-
ing electrodes. The Construction Di-
vision was responsible for seeing that
all of this material was brought to the
site as nearly on schedule as possible.
If items arrived early, the division had
to help find storage space—not
always an easy task because of limited
warehousing facilities.

Because parts and machinery could
not be fabricated on schedules that
dovetailed precisely with construction
progress, much had to be accepted as
the manufacturers were able to turn it
out. Those items that arrived ahead
of schedule had to be closely guard-
ed; protected from dirt, corrosion,
and other kinds of damage; and care-
fully inventoried so that they would
be immediately available as needed.
Chemical equipment posed problems
because of special manufacturing and
handling requirements, and the
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equipment often arrived late or just
barely on time.

Schedules had to be adapted to
last-minute changes in design and to
many uncertainties. Discouragingly
few items were commercially avail-
able. Tanks, magnets, vacuum pumps,
cubicles, and most of the chemical
equipment, for example, were either
completely new in design or so much
larger or so much greater in capacity
that nothing of the kind previously
had been manufactured. Many less
obvious items also carried perform-
ance specifications that far exceeded
anything ever attempted on a com-
mercial scale. For instance, the calu-
trons required electrical cable that
could carry a high-voltage load con-
tinuously. The only commercial prod-
uct that came near meeting this speci-
fication was the heaviest X-ray cable,
and it was designed to operate inter-
mittently. Even when the commercial
equipment could be used, suppliers
often had to add to their productive
capacity or build entire new plants to
furnish the items required in the
enormous  quantities they were
needed. Thus, in the first equipping
of the racetracks some eighty-five
thousand vacuum tubes were re-
quired. In the case of one type of
tube, procurement officials ordered in
advance the entire national output for
1943 as well as that from a plant still
under construction. In the early
months of plant operation, when
tubes burned out faster than predict-
ed, some feared the racetracks might
prove inoperable simply through in-
ability to maintain the tube supply.

New methods had to be developed
for machining and shaping the graph-
ite in those parts of the calutron sub-
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ject to intense heat. No standard ma-
terial would endure the high poten-
tials, mechanical strain, and tempera-
ture changes to which bushings in the
high-voltage elements in the sources
were continuously subjected. After
months of investigation, Stone and
Webster found an insulator made of
zirconium oxide, a new and still very
expensive substance. Similarly, use of
large quantities of liquid nitrogen to
condense moisture created a demand
for a substance hitherto not produced
on a commercial scale anywhere in
the country.

Nowhere were Manhattan District
personnel more spectacularly in-
volved In procurement than in the
project’s need for vast amounts of
silver.2” Because copper was in great
demand for all kinds of wartime uses
and because silver could serve as a
substitute in electrical equipment,
Colonel Marshall in the summer of
1942 had detailed Nichols to negotiate
an agreement with the Treasury for
withdrawal of silver from the United
States Bullion Depository in West
Point, New York.

District officials arranged to have
the silver processed through the De-
fense Plant Corporation, which was
conducting a silver program of its
own 1n connection with other war in-
dustries. The silver, in 1,000-ounce
bars, was moved by guarded truck to

27 Paragraphs on silver procurement based on
MDH, Bk. 5, Vol. 4, “Silver Program,” DASA. For
details on Nichols's role in the silver negotiations,
see [Ch_I11. Groves presents a good, brief account in
his own book Now It Can Be Told, pp. 107-09. Dis-
trict officials had to account for and protect nearly
one-third billion dollars of silver ultimately with-
drawn from the Treasury for the use in the electro-
magnetic plant,
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Carteret, New Jersey, where 1t was
cast into billets, and then to Bayway,
New Jersey, where it was extruded
into strips %’s of an inch thick, 3
inches wide, and 40 to 50 feet long.
From Bayway, under the protection of
Manhattan District guards, the coiled
strips were moved by rail freight to
the Allis-Chalmers plant in Milwau-
kee. There, some 258 carloads of
silver were fabricated into coils and
bus bars, then sealed into welded cas-
ings, and finally shipped on open, un-
guarded flatcars, by various routes
and on irregular schedules, to the
Clinton Works.

A central control section in the
New York Area Engineers Office ad-
ministered the silver program, but as
a double check the District retained
the services of a firm of auditors and
a metallurgical concern. Some precau-
tions taken to avoid unnecessary loss
included weighing the silver each
time it entered or left one of the
plants, storing the pieces in stacks
that would permit minimum handling
during each eight-hour accountability
check, and painstakingly collecting
the scrap—even the minute amounts
that might accumulate on a worker’s
clothing or shoe soles.28

28 When the time came to return the silver to the
Treasury after the war was over, Manhattan District
workmen disassembled and cleaned part by part the
machines where it had been used, dismantled the
furnaces in which it had been melied, and even took
up the burned wooden floors to recover every trace
possible. As a result, in the final accounting, less
than one thirty-six-thousandth of 1 percent of the
more than 14,700 tons borrowed by the District for
the atomic project was missing, most of which was
an unavoidable melt loss. See MDH, Bk. 5, Vol. 4,
pp. 4.1-4.5, DASA; Groves, Now It Can Be Told, p.
109; Hewlett and Anderson, New World, p. 153.
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Plant Construction

As work crews began excavating
building sites and laying foundations
early in the summer of 1943, Stone
and Webster foremen knew plant con-
struction must move ahead with maxi-
mum speed during the prime summer
building season, to meet the extreme-
ly short deadlines projected by the
Army. Reluctantly, Stone and Web-
ster officials agreed to have the first
Alpha racetrack building ready to turn
over to Tennessee Eastman, the plant
operator, by November and the re-
maining Alpha units at approximately
monthly intervals thereafter. Project
leaders were convinced that only ad-
herence to this rigorous schedule
would produce sufficient fissionable
materials to fulfill the requirements
for design and fabrication of an
atomic weapon in time to affect the
outcome of the war.

Stone and Webster had little diffi-
culty 1in maintaining force-draft con-
struction schedules for the plant
buildings, mainly designed along the
lines of structures in common use by
industry. The only unexpected delay
was the discovery of unfavorable sub-
soil conditions; excavation crews thus
had to do some extra blasting and
mucking and laying of 6-foot-thick
concrete mats to ensure firm founda-
tions for the enormously heavy elec-
tromagnetic machines. Through use
of more thorough soil-sampling tech-
niques, Stone and Webster was able
to minimize the time lost in providing
adequate footings for the later race-
track buildings.

Internal construction of the plant,
however, was characterized by uncon-
ventional methods and unorthodox
problems that seemed certain to
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cause delays and setbacks in working
schedules. Project leaders had antici-
pated some problems. They knew, for
example, that installing equipment
while the building shells were under
construction was likely to lead to
complications because riggers, pipe
fitters, and mechanics were not ordi-
narily accustomed to working elbow
to elbow with concrete pourers, form
builders, and other building construc-
tion workers. Also, security measures
and the need to maintain extreme
cleanliness in certain areas would re-
quire guards and a pass system to
limit access to some parts of the
buildings. And they well understood
that assembling the complex racetrack
and other production units involved
demanding and  time-consuming
measures.??

Consequently, Manhattan District
officials were pleasantly surprised
when Colonel Nichols, who had re-
placed Marshall as district engineer,
reported to General Groves in
September that the electromagnetic
construction was about 34 percent
completed, including the turnover to
Tennessee Eastman of the first oper-
ational facilities. These were the two
tanks and three magnet coils of the
XAX development plant with auxiliary
supporting units to be used for train-
ing production plant workers. At the
same time, Colonel Nichols noted
that construction on the crucial main
Alpha equipment was no more than a
few weeks behind the ambitious
schedules set up by Groves earlier in
the year. Stone and Webster engi-
neers had reported to him that they

29 MDH, Bk. 5, Vol. 5, pp. 3.1 and 3.9-3.10,
DASA.
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ExcAvATION OF TYPICAL ROCKY SUBSTRATUM AT THE TENNESSEE SITE

expected the first Alpha racetrack to
be operational by 1 December 1943.
The only disquieting note in Nichols’s
optimistic September estimate was
mention of discovery of some “bugs”
when the XAX tanks underwent their
initial test operation.3°

Partly on the basis of this impres-
sive progress, General Groves author-
ized start of work on four of the im-
proved Alpha II-type racetracks and
two additional Beta units in Septem-
ber. Stone and Webster organized a
whole new field force and the district
engineer reorganized the CEW Con-
struction Division, enlarging its per-
sonnel and establishing separate con-

30 Dist Engr, Monthly Rpt on DSM Proj, Sep 43,
MDR; MDH, Bk. 5, Vol. 5, p. 3.16 and App. D11
(Chart, Employees on Stone and Webster’s Payroll),
DASA; Memo, Kelley to Marsden, sub: Summary of
Y-12 Proj as of 9 Aug 43, same date, MDR.

struction divisions to monitor the
three major building projects in
progress at the Tennessee site: the
electromagnetic, gaseous diftusion,
and plutonium semiworks facilities.
Colonel George continued as head of
the newly formed Electromagnetic
Construction Division, but with addi-
tional officers assigned to branches to
monitor Stone and Webster’s nine
construction subunits and a special
expediting section. Thus, as Stone
and Webster’s engineers prepared to
carry out a test run of the nearly com-
pleted Alpha I unit, District officials
were confident that the electromag-
netic project was well on the way to
successful completion. Had they taken
more careful note of the “bugs” that
persisted in the XAX calutron test op-
erations, they might have been better
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prepared for setbacks the project was
to suffer in the months ahead.3!?

The first of the unanticipated prob-
lems with the newly completed Alpha
I racetrack was reported to Colonel
Nichols in early November. A few
days after they had started test runs,
plant engineers discovered that the
14-ton calutron tanks, which stood
back to back between the coils, had
moved apart as much as 3 inches,
causing a tremendous strain on the
piping used to maintain a vacuum in
the tanks. After investigation they de-
termined that the powerful magnetic
field set up in the racetrack had cre-
ated such a force between the tanks
that they *“walked” away from each
other when they were jarred, as
during installation or removal of a
door. Following a few days study of
the phenomenon, Stone and Webster
reported that the adverse effects of
the magnetic field could be overcome
by installing heavy steel tie straps to
hold the tanks firmly in place.®?

No such simple solution was possi-
ble, however, for the second major
problem that the November test oper-
ations revealed. The symptoms were
intermittent electrical shorts with
wide fluctuations in magnetic field
strength as successive magnet coils
were energized. Colonel Nichols re-
ported the problem to General
Groves in early December, by which
time the complete failure of several
coils seemed to threaten the whole
future of the process. Plant engineers
indicated that dirt in the oil coolant

31 Org Charts, U.S. Engrs Office, MD, 15 Aug
and 1 Nov 43, MDR; MDH, Bk. 5, Vol. 5, pp. 6.1-
6.4 and Apps. D7 and D10, DASA.

32Min, Coordination Committee Mtg, 11 Nov 43,
MDR; Dist Engr, Monthly Rpt on DSM Proj, Nov-
Dec 43, MDR.
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inside the coils was probably the
major cause of the malfunction and
the only sure cure was to drain the oil
and dry out the coils. Very much
upset by the ominous developments,
the Manhattan commander directed
Nichols to take all measures neces-
sary, pending his own arrival at the
site to discuss such other steps as
might be required, including ‘““a reor-
ganization of personnel in charge of
the Y-12 [electromagnetic] construc-
tion work so that similar occurrences
[would] be avoided in the future.” 33

Groves arrived at the Clinton
Works on 14 December for a hurried
two-day inspection visit. On hand al-
ready were project engineer August
Klein from Stone and Webster and a
team of experts from Allis-Chalmers,
where the unsatisfactory coils had
been manufactured. Their further
checking, Groves learned, had re-
vealed that the trouble stemmed not
only from mill scale and rust in the
cooling oil but also from moisture in
the cloth and fiberboard insulation,
and too close winding of wire. Groves
set in motion a thorough reorganiza-
tion of the Clinton electromagnetic
administrative team and reemphasized
his earlier directive to Lawrence that
he concentrate Radiation Laboratory
resources on finding a solution for
the defects in the racetrack
equipment.3*

33Msgs, Nichols to Groves and reply, 6 Dec 43,
Admin Files, Gen Corresp, 412.41 (Motors), MDR.

34Msg, Nichols to Groves (at Hanford), 6 Dec 43;
Msg, Lt Col Thomas T. Crenshaw (Ex Off, CEW) to
Groves, [probably 7 or 8 Dec 43]; Memo, Peterson
to Groves, 9 Dec 43. All in Admin Files, Gen Cor-
resp, 412.41 (Motors), MDR. MDH, Bk. 5, Vol. 5,
pp. 3.10-3.11, DASA. Groves Diary, 14-15 Dec 43,
LRG.
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ALPHA I RACETRACK, ELECTROMAGNETIC PLANT, CEW

A new administrative hierarchy re-
sulted from the reorganization of the
eletromagnetic team, which took
effect in January 1944. Lt. Col. John
S. Hodgson, who had considerable
experience as a civilian contractor, re-
placed Colonel George as chief of the
Electromagnetic Construction Divi-
sion; Maj. Willam A. Bonnett moved
up from a position as a liaison officer
with Stone and Webster field units to
be Hodgson’s assistant; and Maj.
Walter J. Williams, who had had as-
signments on a number of ordnance
plant construction projects, took over
responsibility for completion of the
original electromagnetic plant. Only
Maj. Mark C. Fox, who had served as
area engineer on other Corps of En-
gineers projects, continued in his re-
cently assigned task of overseeing

construction of extensions to the
original electromagnetic plant. At the
same time, Stone and Webster
brought in Frank R. Creedon from
the synthetic rubber progam to be
general manager of all the company’s
operations at the Clinton Works.
Creedon had had an earlier associa-
tion with General Groves, having
worked as a civilian employee of the
Army’s Construction Division on ord-
nance projects before 1942.

The first big task facing the new
team was how to solve the technical
defects in the Alpha I electrical equip-
ment. Project technicians decided the
only sure remedy was to return the
malfunctioning magnet coils to Allis-
Chalmers’ Milwaukee plant for clean-
ing and rewinding, as well as to have
equipment crews disassemble and



138 MANHATTAN:

clean all oil lines in the racetrack
building. It took about three months
to complete these corrective meas-
ures, and thus the first Alpha I race-
track was not fully operative again
until early March 19443

With the distressing days of techni-
cal problems in the past, by spring
the somber mood of Manhattan and
Stone and Webster officials concern-
ing the electromagnetic method had
dissipated, and they were enjoying a
revived sense of optimism. One argu-
ment in favor of the process had been
that the production plant could be
built in segments which would
become operational as soon as they
were completed, making possible the
early detection of defects and the ad-
dition of indicated improvements.
And now, because the trying experi-
ences of Stone and Webster engi-
neers with the first Alpha I racetrack
had enhanced their understanding of
the problems and the reasons for
them, they were able to make changes
in equipment handling and installa-
tion techniques for subsequent race-
tracks. On the second Alpha I race-
track, for example, the engineers in-
troduced much more rigid standards
of cleanliness, including such meas-
ures as drying out pipe lines by circu-
lating preheated oil through them
and adding filters for each coil.?¢

35 0Org Chart, U.S. Engrs Office, MD, 15 Feb 44,
MDR; MDH, Bk. 5, Vol. 5, pp. 3.10-3.11 and 6.1,
DASA; Fine and Remington, Corps of Engineers: Con-
struction, pp. 684-86; Groves, Now It Can be Told, p.
102 and 427; Dist Engr, Monthly Rpt on DSM Proj,
Mar 44, MDR.

¥MDH, Bk. 5, Vol. 5, pp. 3.11, DASA; Memo, E.
W. Seckendorfl (Y-12 Process Engr) to T. R.
Thornburg (Gen Supt, Y-12, Stone and Webster),
sub: Detailed Method of Cleaning and Altering Pipe
at Racetrack B-Bldg 9201-1, CEW, Area Y-12, 30
Dec 43, Incl to Memo. Crenshaw to Groves, 1 Jan
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Initial failure of Alpha I also reaf-
firmed a cardinal principle of General
Groves’s administrative policy for the
atomic project. For months, the Man-
hattan commander had been empha-
sizing that the major resources and
personnel at the atomic research lab-
oratories should be concentrated on
the single objective of securing pro-
duction of militarily  significant
amounts of fissionable materials in
time to be of use during the war. On
more than one occasion during his
visits to the Radiation Laboratory in
the fall of 1943, Groves had reminded
Lawrence’s scientific staff that the
Army was not interested in advancing
pure science. Their mission, he
stated, once the research and devel-
opment for the production plant was
completed, was to support in what-
ever way was necessary the design,
construction, and operation of that
plant. The natural tendency of the
Radiation Laboratory scientists was to
resist limiting themselves solely to so-
called debugging activities for the
Tennessee plant, but the crisis caused
by Alpha I's failure forced Lawrence
to push new research entirely into the
background and, in December, to
completely redefine laboratory prior-
ities in terms of two objectives: in-
creasing the output and efficiency of
the electromagnetic plant; and devel-
oping new ideas, methods, and engi-
neering designs for expanding that
plant.37

44, Admin Files, Gen Corresp, 337 (Kellex LC),
MDR.

37 Min, Coordination Committee Mtg, 17 Nov 43,
MDR; Dist Engr, Monthly Rpt on DSM Proj, Nov-
Dec 43 and Feb 44, MDR; Ltr, Lawrence to Nichols,
22 Mar 44, MDR.
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The Army’s prompt administrative
measures to counter the adverse con-
sequences of Alpha I's failure proved
to be highly effective. The engineers
were successful in making the second
Alpha I operational by the end of Jan-
uary 1944, the first Beta and the first
and third Alpha I in March, and the
fourth Alpha I in April. Impressed
with the rapid progress being
achieved, Colonel Nichols reported to
Groves that he was now convinced
that the prediction given to President
Roosevelt in December 1942—com-
pletion of an atomic weapon by early
1945—would be realized if persisting
manpower  shortages could be
overcome.38

Meanwhile, Stone and Webster had
been moving ahead with construction
of other major elements of the elec-
tromagnetic plant. Construction time
for building the extension units—the
Alpha II racetracks—was far less in
comparison to that required for
Alpha I. The Stone and Webster
crews’ rapid progress was in part due
to certain design modifications, such
as using cement asbestos brick for the
outer siding of buildings and making
the racetrack shape rectangular rather
than oval. Also, the experience gained
on Alpha I expedited installation of
equipment in Alpha II. The first race-
track in the extension plant began op-
erating in July 1944 and all four were
ready for operation by 1 October.3°

At the same time, Stone and Web-
ster and its subcontractors construct-
ed the Beta units, where the Alpha-

38 Dist Engr, Monthly Rpts on DSM Proj, Jan and
Mar 44, MDR; Rpt, Nichols, sub: Info for Groves, 8
Apr 44, OCG Files, Gen Corresp, MP Files, Fldr 28,
Tab A, MDR.

3¢ MDH, Bk. 5, Vol. 5, pp. 3.17-3.20, 3.22, 5.2,
DASA.
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processed material would be further
enriched, and built the facilities for
chemical preparation and recovery for
both Alpha and Beta plants. In spite
of several changes in plans, resulting
in considerable expansion of the Beta
and chemical facilities, the Electro-
magnetic Construction Division kept
the work on or even ahead of sched-
ule, avoiding delays in processing ma-
terial from the Alpha plants. From
original plans in 1943 for only a
single Beta unit to process Alpha I
output, the number grew to four: one
for Alpha II; another to handle addi-
tional output from Alphas I and II
that resulted from using partially en-
riched feed material from the gaseous
diffusion plant; and still another in
1945 so that there would be enough
Beta facilities to process enriched ma-
terial coming directly from the diffu-
sion plants. Similarly, each expansion
of the Alpha and Beta units required
an increase in the number of chemical
and other processing facilities, giving
the division additional work in expe-
diting procurement, monitoring revi-
sion in contracts, and inspecting com-
pleted construction. This continuing
high-level of construction activity oc-
casioned Colonel Hodgson to reorga-
nize his division in late 1944 and to
establish five separate branches
(structures, electrical, expediting,
process piping, and mechanical). Not
until early 1945, when the Military
Policy Committee decided that the in-
dicated successful operation of the
gaseous diffusion and plutonium
plants would make further large-scale
expansion of electromagnetic produc-
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ELECTROMAGNETIC PLANT UNDER CONSTRUCTION

tion facilities unnecessary, did the di-
vision’s workload ease significantly.*°

Plant Operation

Terms of the June 1943 contract
for operation of the electromagnetic

40 Ibid., pp. 3.13-3.15, 3.20-3.23, App. D6 (Tab-
ulation of Bldg Statistics), DASA; Dist Engr, Month-
ly Rpts on DSM Proj, Oct 43 and Aug and Nov 44,
MDR; MPC Min, 10 May 44 and 25 Feb 45, MDR;
Completion Rpts, Stone and Webster, sub: CEW,
Contract W-7401-eng-13, 1946, pp. 49-50. and
Contract W-14-108-eng-60, 1946, pp. 6-8, OROO;
Rpt, W. M. Brobeck and W. B. Reynolds, sub: On
Future Development of Electromagnetic System of
Tube Alloys Isotope Separation, 15 Jan 45, OCG
Files, Gen Corresp, Groves Files, Fldr 10, MDR.

plant provided that Tennessee East-
man operate i1t on a cost-plus-fixed-
fee basis, serve as a consultant on
plant design, obtain and train operat-
ing personnel, and carry on research
to improve the process and its prod-
uct. For performing these services,
the government agreed to pay the
firm a basic operating fee of $22,500
each month plus $7,500 for each
racetrack up to seven and $4,000 for
each one over that number.41

41'WD Contract W-7401-eng-23, 7 jun 43, with
supps., OROO; MDH, Bk, 5, Vol. 6, “Operation,”
pp. 2.2-2.5 and 3.1-3.5, DASA.
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Preparations

In early 1943, when Tennessee
Eastman initiated preliminary oper-
ational activities at the Tennessee site
and at the Berkeley and Rochester re-
search faclities, the district engineer
formed a CEW Division in the New
York office and assigned Major Kelley
as division chief to supervise electro-
magnetic operations. Kelley’s division
not only monitored the contractor’s
activities relating to administration,
chemical processes, electrical process-
es and plants, and special accounts
but also established liaison with its
Berkeley and Boston administrative
units that coordinated with the Radi-
ation Laboratory and Stone and Web-
ster. Tennessee Eastman’s Boston
staff, however, moved to the Tennes-
see site in August, in keeping with the
firm’s frequently expressed desire to
center its plant operations activities
there.42

During construction Major Kelley
and his operating unit staff were busy
assisting Tennessee Eastman in re-
cruiting and training personnel to op-
erate the Alpha, Beta, and chemical
process equipment. Early estimates of
the number of employees needed
were far too low and requirements
were repeatedly revised upward. Al-
though recruiting was carried on in
all sections of the country through re-

42 Subsection based on Org Chart, U.S. Engrs
Office, MD, | Nov 43, MDR; MDH, Bk. 5, Vol. 5,
Sec. 3, and Vol. 6, pp. 3.3-3.5 and 8.1-8.3, DASA;
Min, Coordination Committee Mtgs, 23 Jan, 6 Mar,
and 24 Jun 43, MDR; Dist Engr, Monthly Rpts on
DSM Proj, Sep 43 and Mar 44, MDR; Min, Special
Progress Mtg, 5 Aug 43, Admin Files, Gen Corresp,
337 (Mtgs and Confs-Univ of Calif), MDR; Hewlett
and Anderson, New World, p. 162; Rpt, F. T.
Howard, sub: The DSM Proj, Synthetic Catalyst Div,
22 Apr 43, OCG Files, Gen Corresp, MP Files, Fldr
28, Tab A, MDR.
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gional offices of the United States
Employment Service, the best results
were attained in Knoxville and vicini-
ty. For the many jobs requiring tech-
nical knowledge and background, the
electromagnetic project had to resort
to procurement through military
channels. Many of the scientifically
trained personnel in the Manhattan
District’s Special Engineer Detach-
ment (SED) at the Clinton Works
were assigned to work in the plant,
reaching a total of 450 SED enlisted
personnel by August 1945. The Dis-
trict also assisted in the temporary as-
signment of technically trained Navy
officers to the plant in 1944, their
number reaching a maximum of 143
in July of that year.43

Tennessee Eastman made a major
effort to develop a training program
for the thousands of operators who
would be required when the plant was
ready for full-scale operation. Work-
ing closely with Radiation Laboratory
scientists, the firm’s Berkeley staff laid
the groundwork for systematic train-
ing of workers and supervisory per-
sonnel. While many practiced with
the Alpha experimental equipment at
Berkeley, others went to the Univer-
sity of California’s Davis campus to
learn chemical processing techniques.
Radiation Laboratory scientists and
Manhattan District representatives
carefully reviewed all training materi-
al, the latter group giving special
attention to the security problem.
Tennessee Eastman technicians delib-
erately compiled the training material
to give the would-be operator only
the information needed to perform

*3 For a more detailed account of manpower re-
cruitment, and the SED’s formation and organiza-

tion,
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the job, without revealing the true
character or purpose of the end prod-
uct. Experimentation demonstrated
that trainees with preliminary orienta-
tion in the nature of the electromag-
netic process made the most rapid
progress. Meanwhile, by September
1943, intensive recruiting efforts by
the company had resulted in the
hiring of some eighteen hundred op-
erator trainees, most of them from
the Knoxville area.

Some preliminary instruction took
place in facilities of the University of
Tennessee, because the large-scale
training program at the plant site did
not start until early fall. By that time
hundreds of trainees were on hand to
begin training on two experimental

XAX  electromagnetic  production
tanks that had started operating in
the development plant. Tennessee

Eastman moved all but a few of its
personnel from Berkeley to the Ten-
nessee site to participate in training
the twenty-five hundred operators
deemed necessary for the five Alpha I
racetracks. With the addition of the
Alpha II and Beta buildings, the train-
ee program expanded to provide sev-
eral times that many operators. By
early 1944, Tennessee Eastman’s pay-
roll had increased to ten thousand
and by mid-1945 it would rnise to
more than twenty-five thousand.

The typical operator trainee was a
woman, recently graduated from a
nearby Tennessee high school, with
no scientific training whatsoever.
Using one of the XAX electromagnet-
ic tanks in the development plant, the
instructional staff taught her how to
operate complex control panels in the
calutron cubicles adjacent to the race-
tracks. They gave her only informa-
tion essential to her task as an opera-
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tor and, for security reasons, actually
mislead her as to the real purpose
and character of the product. The
training program was surprisingly
successful, supplying operators on
schedule for each Alpha and Beta
racetrack as it went into operation.

Production Activities

Starting up in late 1943, the elec-
tromagnetic chemical units eventually
were producing thousands of pounds
of the charge material necessary for
the production operation of the race-
tracks. The first really effective pro-
duction of the U-235-enriched final
product came in late January, when
the second Alpha I racetrack began
operating. In the five-month period
following, as the remaining three
Alpha I and the first two Beta tracks
became fully operational, production
steadily increased. And by mid-1944,
the Army could view the electromag-
netic start-up operations as, in the
main, successful.*#

Manhattan District officials, howev-
er, were unprepared for the almost
continuous problems that arose as the
electromagnetic plant moved into the
sustained production phase of its op-
eration. One mechanical or equip-
ment failure after another plagued
plant operations; short circuits and
shortages, breakdowns and breakages
cropped up on all sides. In spite of
the best efforts of Tennessee Eastman
and District procurement officials, the
spare parts situation skirted the edge
of chaos for months. Lack of experi-
ence, of standardization, and of a suf-

44 MDH, Bk. 5, Vol. 6, pp. 4.2 and 4445,
DASA; Dist Engr, Monthly Rpts on DSM Proj, Jan-
Jun 44, passim, MDR.
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CEW TRraINING FACILITIES ({background), where electromagnetic plant employees received
preliminary instruction. District headguarters buildings are in the foreground.

ficient number of suppliers all con-
tributed to the severe parts procure-
ment difhiculties. Nevertheless, the
District’s electromagnetic staff and
Tennessee Eastman—working in close
coordination—managed sufficiently to
overcome the adverse effects of these
many problems so that in March 1944
plant workers shipped the first of sev-
eral hundred grams of Alpha product,
containing 13 to 15 percent U-235, to
Los Alamos. Three months later the
first shipment of the much more
highly enriched Beta product reached
the New Mexico laboratory.45

But Manhattan and Tennessee
Eastman officials were well aware that
this output of sample quantities rep-
resented only the first steps in bring-

45 MDH, Bk. 5, Vol. 6, pp. 4.2 and 4.4-4.5,
DASA; Memo, J. C. White (Gen Mgr, Tenn East) to
Groves, 28 Jun 44, Admin Files, Gen Corresp, 095
(TEC), MDR.

48 Paragraphs

ing the electromagnetic plant up to a
maximum rate of production, a com-
plicated undertaking with pitfalls at
every turn.*® They readily perceived
that part of the difficulty was inherent
in the basic nature of the process that
used large complex machines and sig-
nificant quantities of electric power
and raw materials to isolate an infin-
itesmally small amount of final prod-
uct. The basic feed material, orange-
colored uranium oxide shipped in
from refineries operating under direc-
tion of Manhattan’s Madison Square
Area  Engineers Office, moved
through a series of very complex
steps. A chemical preparation process
converted it into a gaseous form, ura-
nium tetrachloride, which plant work-

on electromagnetic plant oper-
ations based primarily on MDH, Bk. 5, Vol. 6, Sec.
4, DASA.
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ers then fed into the Alpha racetracks.
Here part of the feed material sepa-
rated, while the rest adhered to van-
ous parts of the interior of the calu-
tron, where it had to be recovered for
recycle. The separated portion went
to the Beta chemical preparation
stage and then into the Beta race-
tracks for further separation. That
separated portion emerged as U-235
final product and, after concentration,
workers shipped it to the Los Alamos
Laboratory. The rest had to be re-
covered, recycled through the Beta
racetracks, and concentrated for
shipment.

Only 1 in 5,825 parts of charge ma-
terial fed into the Alpha racetracks
emerged as final product; 90 percent
of the charge material was left in the
feed bottles or scattered around the
tanks. Of the 10 percent that passed
into the ion beams, only a very small
quantity entered the receivers. The
amount reaching the receivers was
limited by the capacity of the calu-
trons. It could not be increased
except through wuse of enriched
charge matenial, or by construction of
more racetracks. Furthermore, the
amount actually recovered from the
receivers, because of its minute quan-
tity and the essentially violent nature
of the process, could not be made to
reach 100 percent even by the most
practicable methods.

Because of the high intrinsic value
of the final product, recovery had to
be as complete and thorough as pos-
sible, yet with no undue holdup time
in the chemical apparatus to slow
down the process. The Beta chemistry
facilities included a salvage depart-
ment which used batteries of extrac-
tors, reactors, filters, centrifuges,
evaporators, and driers so that the
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very last traces of enriched uranium
might be recovered. Justification for
these intensive efforts was demon-
strated when worn-out carbon receiv-
er parts from the calutrons were
burned. They yielded enough en-
riched uranium to raise the January
1945 production a full 10 percent.*?

Even under the best of conditions,
a small amount of U-235-enriched
product always remained in solutions,
or bound in solids, or adhered to
costly and scarce equipment parts;
however, it was economically unfeasi-
ble for this material to be recovered.
A certain percentage also remained in
that part of the uranium feed matter
which passed through the ion beam
but did not enter the receivers. It was
imperative that this material—consti-
tuting nine-tenths of the uranium fed
into the Alpha calutrons and seven-
eighths of that going into the Beta
racetracks—be prevented from con-
taminating the enriched uranium and
be recovered and stored for possible
future reprocessing. To keep losses at
a minimum and to prevent theft, Ten-
nessee Eastman instituted a strict ma-
terial accounting system. Stock room
employees inventoried the Alpha
stocks every four weeks, the Beta
every two weeks. In spite of this care-
ful check, surprisingly large amounts
of material (17.4 percent of Alpha
product by September 1945 and 5.4
percent of Beta product by December
1946) were lost unavoidably in the
various kinds of wastes created by the
separation process itself.*8

47 Memo, Kelley to Groves, sub: Present Status of
Beta Chemistry Opns, 8 Sep 44, Admin Files, Gen
Corresp, 600.1 (Constr CEW), MDR; Hewlett and
Anderson, New World, pp. 295-96.

48 Data concerning losses of feed materials and
recovery problems is derived from MDH, Bk. 5, Vol.

Continued
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The most crucial phase of the re-
covery operation took place in Beta
chemistry. Alpha workers moved the
final Alpha product, stored in receiver
pockets on the removable doors of
the Alpha calutrons, to the Beta
chemistry buildings. After dismantling
the pockets, Beta workers first
scraped, bleached, and burned the
graphite parts and then leached and
electrostripped the metal parts. Final-
ly, chemists processed the resulting
solutions and solids to extract all en-
riched uranium. They then purified
this enriched uranium and converted
it into Beta feed material.

The Beta preparatory chemical
process proved to be one of the most
persistently troublesome operations

in the electromagnetic plant. The
process was slow, requiring, even
under optimum conditions, about

three weeks. More worrisome, howev-
er, only about 60 percent of the en-
riched uranium brought from Alpha
was showing up as an end product of
the Beta chemical process, causing a
serious shortage of feed material for
the Beta racetracks. In July 1944,
Groves himself went to the Chinton
Works to discuss the problem with
plant and District officials. As a result,
Tennessee Eastman temporarily shut
down all Beta production in August
so that company engineers and out-
side consultants could thoroughly
analyze the process and equipment.
Their investigations revealed that the
trouble lay in the overly complex
piping and equipment and in the
tendency of certain materials in this
equipment to absorb too much
uranium.

6, pp. 4.16-4.17 and App. C (with illustrations),
DASA.
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District and Tennessee Eastman of-
ficials immediately instituted changes
in equipment, techniques, and organi-
zation to overcome these weaknesses
in Beta chemistry. Project engineers
set about removing, cleaning, and re-
designing piping; replaced glass-lined
tubes with pyrex; put in more parts
made of graphite from which ab-
sorbed uramum could be recovered
by burning; and made other changes
to speed up the process. For varying
periods during the fall of 1944, ex-
perts like Frank H. Spedding, the
metallurgist who headed Manhattan’s
research program at Iowa State Col-
lege, and John P. Baxter, one of the
British scientists assisting in the bomb
development program, came to the
Clinton Works to study Beta chemis-
try with an eye to improving tech-
niques employed in the process. And,
in December, District officials negoti-
ated contracts with Johns Hopkins
and Purdue Universities to study
methods for increasing recovery and
reducing holdup time in the Beta
process. Tennessee FEastman, now
more fully aware of the chemical diffi-
culties of isotopic separation, com-
pletely reorganized its Clinton chem-
istry division and greatly increased
the number of personnel.

In spite of the difficulties with Beta
chemistry operations, in January 1945
the district engineer reported to the
Manhattan commander that there had
been a dramatic increase in Beta pro-
duction during the second half of
1944, with output being about 60
percent greater at the close of De-
cember. This increase was attributa-
ble primarily to the much higher pro-
ductive capacity of Alpha II calutrons,
and the fact that all Alpha II's were
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fully operational by November. Con-
sequently, Beta output in November
was more than ten times the July rate,
increasing even more in December to
twice the November rate. The Alpha
II’s, however, were far from trouble-
free. The major problem experienced
had to do with the insulators burning
out at a high rate, but the engineers
quickly corrected this defect by rec-
ommending that zircon be substituted
for the less durable material in the
bushings.4®

Not all of the production problems
of the electromagnetic project were
mechanical or technical in nature.
When the spare parts crisis occurred
in June 1944, Groves looked into
project management by Tennessee
Eastman and District officials. Follow-
ing a visit to the plant, he wrote to
Conant that he had observed a
number of ways in which he thought
production might be increased. Su-
pervisors ought to make more fre-
quent inspections, especially in instal-
lation and servicing of calutrons.
More should be done to build up and
maintain employee morale. Lack of
sufficient organization charts and the
presence of “too many people” in the
operating rooms gave Groves the im-
pression that the plant managers were
not making the most efficient use of
personnel. Also, he wondered if Fred-
erick R. Conklin, the Tennessee East-
man works manager, and Major
Kelley, chief of the District’s Electro-
magnetic Operations Division, were

4% Memos for File, Keliey, sub: Notes on 3 and 14
Jul Confs, 4 and 15 Jul 44, Admin Files, Gen Cor-
resp, 337 (LC), MDR; Memo, Kelley to Groves, sub:
Present Status of Beta Chemistry Opns, 8 Sep 44,
MDR; Dist Engr, Monthly Rpts on DSM Proj, Jul
44-Jan 45, passim, MDR; Hewlett and Anderson,
New World, pp. 295-96; MDH, Bk. 5, Vol. 6, pp. 4.9-
4.10 and 5.3, DASA.
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“too similar in disposition,” noting
that neither Conklin nor Kelley was a
“hard driving, optimistic executive.
Instead of setting an impossible goal
and then breaking their hearts to
almost achieve it, they set a nice,
comfortable goal making plenty of al-
lowances for difficulties and then feel
very proud of themselves for having
been proven right in their pessimistic
outlook.” 59

General Groves took no immediate
steps to institute major changes in
management. He could not overlook
the fact that Major Kelley got along
extremely well with the key executives
of Tennessee Eastman and also was
held in very high regard by Lawrence
and the staff of the Radiation Labora-
tory. It was not until September, with
the spare parts problem partially re-
lieved and the Beta chemistry bottle-
neck on the way to solution, that the
Manhattan commander directed the
district engineer to replace Kelley.
Colonel Nichols selected Lt. Col.
John R. Rubhoff, a chemical engineer
by profession, because of his familiar-
ity with electromagnetic problems; he
had been assistant chief of the Dis-
trict’s Materials Section and, since
1943, chief of the Madison Square
Area Engineers Office where he was
responsible for overseeing the provi-
sion of feed materials for the electro-
magnetic process. In early 1945,
Ruhoff assumed responsibility for
overseeing all electromagnetic activi-
ties at the Clinton Works and contin-
ued in that post until the end of the
war. Major Kelley did not leave the

59 Lir, Groves to Conant, 5 Jun 44, Admin Files,
Gen Corresp, 400.17 (Mfg-Prod-Fab), MDR; Lutr,
White to Groves, 28 Jun 44, Admin Files, Gen Cor-
resp, 095 (TEC LC), MDR.
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ELECTROMAGNETIC PLANT IN FULL OPERATION

Manhattan Project, but replaced
Ruhoff as head of the Madison
Square Office.5?

Although there was a gradual, but
not spectacular, improvement in elec-
tromagnetic production, intermittent
expressions of dissatisfaction with the
way the plant was operating contin-
ued. For example, British scientists
working at the Radiation Laboratory
came away from a visit to the plant
highly critical of certain design fea-
tures of process equipment and of the
alleged gross inefficiency of the serv-
ice crews. Marcus Oliphant, head of
the British group, also found serious
fault with personnel and orgamization.

51 Ltr, Lawrence to Nichols, 12 Jul 44, Admin
Files, Gen Corresp, 020 (MED-Org), MDR; MDH,
Bk. 5, Vol. 6, p. 8.1, DASA.

He wrote to Sir James Chadwick in
November 1944, expressing concern
at the “poor quality of the higher
grade personnel in TEC [Tennessee
Eastman Corporation] . . . [and] the
clumsiness of the army organization,
which neither controls nor checks the
operation except in a very desultory
and inefficient manner.” 52

Partially as a reaction to this con-
tinuing criticism, but chiefly as a re-
flection of frayed nerves under the
long strain, Tennessee Eastman ex-
ecutives complained bitterly in April
1945 to Brig. Gen. Thomas F. Farrell,

52Ltr, Oliphant to Chadwick, 2 Nov 44, Admin
Files, Gen Corresp, 201 (Chadwick, J), MDR;
Baxter, Notes on Alpha and Beta Output, 6 Nov 44,
Admin Files, Gen Corresp, 600.12 (Y-12), MDR.
See also Interv, Author with Dr. Elkin Burckhardt
(physicist, Y-12), CMH.
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who had been serving as Groves’s
deputy since February, that the firm
was not getting the recognition it de-
served for what it had accomplished
at the Clinton Works. Operation of
the electromagnetic plant should be
viewed for what it actually was, a
huge pilot plant, not a normal indus-
trial operation. While, undoubtedly,
there were deficiencies that the firm
could correct, there were also handi-
caps which it could not possibly over-
come. The plant had been designed
with few interchangeable parts; the
damage to equipment had been
greater than projected; and the pro-
gram had been constantly changing,
as in the case of the recent shifts to
thermal and gaseous diffusion feed
materials. In the light of all these
mitigating factors, they were especial-
ly disturbed by the implication of
General Groves’s remark to the oper-
ating supervisors that ‘‘they should
work until they fell into their graves
just as the war was over.” 33

The criticisms and complaints
began to lose some of their sting by
late spring of 1945 as rapidly increas-
ing production provided concrete evi-
dence that the plant was going to be
a success. In January, all the race-

53Memo, Farrell to Groves, sub: Apr 18th Conf at
Clinton, 19 Apr 45, Admin Files, Gen Corresp, 337
(CEW), MDR.
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tracks had demonstrated their ability
to perform at predicted capacity, even
though delays in servicing, chemistry,
and procurement of parts still im-
posed a drag on full production. In
February, the first slightly enriched
(1.4 percent) uranium feed had come
from the new thermal diffusion plant,
and in March the first enhanced
(b percent and up) material from
the gaseous diffusion plant. In April,
the gaseous plant began turning out
uranium sufficiently enriched to go
directly into the Beta racetracks,
gradually increasing product enrich-
ment until 1t reached 23 percent on
5 August: the day before the first
bomb was dropped on Japan.

Because of the higher enrichment
of the Beta feed material, the Alpha
stage was no longer necessary. In
early September 1945, with the occu-
pation of Japan going forward suc-
cessfully, plant officials ordered the
Alpha racetracks shut down. They
had produced more than 88 kilo-
grams of final product with average
enrichment of 84.5 percent. Beta con-
tinued in operation until the end of
the year, producing an additional 953
kilograms of final product with an en-
richment of about 95 percent.®*

MDH, Bk. 5, Vol. 6, pp. 4.13-4.14 and Top
Secret App., DASA.



CHAPTER VII

The Gaseous Diffusion Process

By late 1942, atomic project leaders
had authorized development of four
technically and theoretically different
processes—the electromagnetic, gase-
ous and liquid thermal diffusion, and
gas centrifuge—as potential methods
for producing sufficient U-235 of a
quality to be militarily useful in
World War II. Work on these proc-
esses had been in progress for about
two years, long enough to make appar-
ent the relative advantages and disad-
vantages of each.

Because no single method appeared
capable by itself of producing the
badly needed U-235, Manhattan lead-
ers conceived the possibility of em-
ploying two or more of the processes
in  combination. They readily en-
dorsed the electromagnetic as one of
the methods; unlike the other three, it
could begin producing adequately en-
riched U-235 from an only partially
completed plant. Selection of the
other process for full-scale develop-
ment in tandem with the electromag-
netic came in early December. The
Lewis reviewing committee gave the
gaseous diffusion process a solid en-
dorsement, recommending construc-
tion of a 4,600-stage plant capable of
producing 90 percent U~235 in sub-
stantial quantities. Meeting on the
tenth, the Military Policy Committee

then approved this recommendation,
basing its decision upon the conclu-
sion that even though project scien-
tists had yet to satisfactorily design
the key components for a gaseous dif-
fusion plant, the process was, never-
theless, more likely to produce a suffi-
cient quantity of fissionable material
suitable for an atomic weapon than
either the liquid thermal diffusion or
centrifuge processes.!

Gaseous Diffusion Research and the
Army, 1942-1943

Research and development on the
diffusion process, which had started
in 1940, centered at Columbia Uni-

! The Military Policy Committee approved contin-
ued but limited support for research and develop-
ment of the liquid thermal diffusion and centrifuge
processes. The detailed arguments for and against
full-scale development of these processes may be
found in Memo, Richard C. Tolman (Groves’s scien-
tific adviser) to Groves, sub: Visit to Centrifugal
Plant at Bayway, N.J., 20 Dec 43, Admin Files, Gen
Corresp, 201 (Tolman), MDR; Draft Rpt, Lt Col
John R. Ruhoff, sub: Summary on Atomic Energy,
17 Jun 46, Admin Files, Gen Corresp, 600.12
(Atomic), MDR; MPC Min, 12 Nov and 10 Dec 42,
OCG Files, Gen Corresp, MP Files, Fldr 23, Tab A,
MDR; MDH, Bk. 2, Vol. 3, “Design,” pp. 3.1-3.2,
DASA; Conclusions of Reviewing Committee, 4 Dec
42, Admin Files, Gen Corresp, 334 (Special Review-
ing Committee), MDR; Ltr, Urey to Conant, 4 Sep
43, Admin_Files, Gen Corresp, 201 (Urey), MDR.

See also and .
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versity under the direction of two
members of the faculty, Harold C.
Urey, an eminent physical chemist
and Nobel Prize winner (1934), and
John R. Dunning, a young physicist.
Supported since 1941 by funds from
the Navy and an OSRD contract, dif-
fusion research by December 1942
had made substantial progress toward
development of a large-scale expan-
sion of the process. On the basis of a
theory provided by Karl P. Cohen, a
young mathematician on the Colum-
bia staff, the Columbia research
group had built Pilot Plant No. 1, a
small twelve-stage apparatus, in the
university’s Pupin Hall. And oper-
ation of this unit in the fall of 1942
had furnished valuable data on the
major elements of a diffusion plant,
most significantly, the material for the
barrier component that filtered the
process gas in each separating stage.?

When the Army began taking over
direction of the atomic bomb project
in the summer of 1942, the Columbia
diffusion research program continued
to operate under OSRD contracts.
Beginning in the fall, the Manhattan
District gradually extended its control
over administration of the program,
culminating with Columbia’s accept-
ance of a War Department contract
on 1 May 1943. Shortly thereafter
university and District representatives
reorganized the diffusion research
program, redesignating it as the SAM
(for Special Alloyed Materials) Lab-
oratories and appointing Urey as di-
rector. Maj. Benjamin K.
Hough, Jr., who had come to Colum-
bia in the spring as area engineer for

2 Smyth Report, pp. 125-26 and 132-33; Hewlett
and Anderson, New World, pp. 97-101; MDH, Bk. 2,
Vol. 2, “Research,” pp. 4.11-4.12, 4.14-4.15, 7.2~
7.3, DASA.
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the program, reorganized his office to
conform to the SAM organization and
moved with most of the rapidly ex-
panding research activities from
campus laboratories to more spacious
facilities in the wuniversity’s Nash
Building, a few blocks north of the
campus.?®

Design and Engineering

The Military Policy Committee,
after deciding to give prionity to full-
scale development of the gaseous dif-
fusion process, selected the M. W.
Kellogg Company to design and engi-
neer the production plant, designated
K-25 for security reasons. The choice
was a logical one, for the firm was al-
ready extensively involved in diffusion
research under OSRD contracts, in-
cluding design of a ten-stage pilot
plant for barrier development. On 14
December 1942, Kellogg accepted a
letter contract from the Manhattan
District, with some unusual provisions
that reflected the unique character of
the project. The Army required no
guarantees from the firm that it could
successfully design, build and put into
operation a gaseous diffusion produc-
tion plant. For reasons of security, the
company agreed to set up a separate
corporate entity, the Kellex Corpora-
tion, to function as a self-sustaining
and autonomous organization for car-
rying out the project. Because of the
great uncertainty regarding the pre-

3 Cert of Audit MDE 103-46, Columbia Area,
27 Feb 46, Fiscal and Audit Files, Cert of Audit
Registers, MDR; MDH, Bk. 2, Vol. 2, pp. 2.1-2.2,
11.1-11.3, App. B (Org Chart, Columbia Area,
4 Aug 43), DASA; Groves, Now It Can Be Told, p. 111.
Groves remembered the code name SAM as stand-
ing for Substitute Alloy Matenals rather than Spe-
cial Alloyed Materials.
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cise scope and cost of the project, the
District and Kellogg also agreed to
defer fixing any financial terms until
later execution of a formal fixed-fee
contract. (This was not actually ac-
complished until April 1944, when
Kellogg accepted payment of about
$2.5 million for its work.) #

Kellogg provided the Kellex Corpo-
ration with its own research, engi-
neering, expediting, accounting, and
service divisions. It designated one of
its own vice presidents, Percival C.
Keith, a Texas-born chemical engi-
neer and graduate of Massachusetts
Institute of Technology, to be execu-
tive in charge at Kellex. Keith, who
had already gained considerable fa-
miliarity with the atomic bomb
project through his service on the
OSRD S$-1 Section’s planning board,
not only drew upon managerial and
technical employees of Kellogg but
also borrowed personnel from other
firms in order to staff Kellex. Kellex
employees—some thirty-seven hun-
dred at the height of the firm’s activi-
ties in 1944—worked in the New York
area at Kellex’s headquarters in the
downtown Manhattan Woolworth
Building, at Columbia University’s
laboratory facilities in the Nash Build-
ing, and at Kellogg’s Jersey City
plant; and in Tennessee at the Clin-
ton Engineer Works.®

4 Ltr Contract W-7405-eng-23, 14 Dec 42, and
Formal Contract W-7405-eng-23, 11 Apr 43, both
in Contract Files, OROO; MDH, Bk. 2, Vol. 2, pp.
3.4-3.6 and App. A, DASA; Memo, Nichols to Car-
roll L. Wilson (Ex Asst to Bush), sub: Background
on P. C. Keith, 10 Jan 47, Admin Files, Gen Cor-
resp, 201 (Keith), MDR; Ltr, Keith to WD, Aun:
Groves, 25 Jan 44, Admin Files, Gen Corresp, 167,
MDR.

#Memo, Nichols to Wilson, sub: Background on
P. C. Keith, 10 Jan 47, MDR; Groves, Now It Can Be
Told, pp. 112 and 428; Lu, M. W. Kellogg to
Groves, 9 May 45, Admin Files, Gen Corresp,
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To oversee the work of Kellex, as
well as to handle the administrative
details relating to the large number of
Special Engineer Detachment person-
nel assigned to the firm (nearly one
hundred by mid-1944), the district
engineer in January 1943 established
the New York Area Engineers Office
in the conveniently located Wool-
worth Building and assigned Lt. Col.
James C. Stowers not only as the new
area engineer but also as the unit
chief for the entire K-25 project. At
the start Stowers supervised a military
and civilian staft of less than twenty;
it remained small, never numbering
more than seventy. While monitoring
performance on the Kellogg contract,
this New York staff also coordinated
the unusually complex developmental
diffusion research of numerous con-
tractors—including Princeton Univer-
sity working on barrier corrosion;
Ohio State University on chemical
compounds as feed materials and proc-
ess gas; and Union Carbide’s Carbide
and Carbon Chemicals Corporation,
Linde Air Products Company, and
Bakelite Corporation, Western Elec-
tric’s Bell Telephone Laboratories,
and Interchemical Corporation, all on
suitable barrier fabrication.®

231.21 (Kellex), MDR; Ltr, Keith to WD, 25 Jan 44,
MDR; MDH, Bk. 2, Vol. 3, pp. 18.5-18.7 and Apps.
C14-C15 (Org Charts), DASA.

8Ltr, R. B. Van Houten (Asst Proj Mgr, Kellex) to
John H. Arnold (Kellex R & D Dir), sub: SED Per-
sonnel Assigned to Nash Bldg (with attached ros-
ters), 28 Jun 44, Army Personnel Files, Box 73A (1-
A), Kellex, OROQ; Cert of Audit MDE 202-46, New
York Area, 1 Nov 45, MDR; Memo, Groves to Dist
Engr, sub: List of Personnel, 27 Sep 43, Admin
Files, Gen Corresp, 201 (Gen), MDR; Org Chart,
Kellex Corp., 8 Apr 45, Admin Files, Gen Corresp,
231.21 (Kellex), MDR; Org Charts, U.S. Engrs
Office, MD, 15 Aug and 1 Nov 43, 10 Nov 44,
26 Jan 45, Admin Files, Gen Corresp, 020 (MED-

Continued
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Theoretical and Practical Problems

The complexities and difficulties in
gaseous diffusion plant design arose
from the nature of the process itself,
which required a stable compound of
uranium that would exist as a fluid at
ordinary temperatures, and also from
the almost total lack of any adequate
data on what would happen when the
process was transformed from a labo-
ratory phenomenon into a mass pro-
duction operation.” In 1941, Karl P.
Cohen had worked out the fundamen-
tal theory of the gaseous diffusion
process by applying the well-estab-
lished Graham’s Law to the only
known gaseous compound of urani-
um, the highly corrosive uranium
hexafluoride. Briefly stated, Graham’s
Law holds that if a mixture of two

Org), MDR; MDH, Bk. 2, Vol. 2, pp. 2.2-2.5, Vol. 3,
pp- 18.2-18.5 and Apps. C7-C13 (Org Charts), and
Vol. 4, “Construction,” App. C16 (Org Chart),
DASA,; Ltr, Keith to Nichols, 6 Aug 43, Admin Files,
Gen Corresp, Misc File (unmarked fldr), MDR; Ltr,
Tolman to Groves, sub: Visit to Bell Tel Labs To
Discuss Work on Barrier Problem, 9 Oct 43, Admin
Files, Gen Corresp, 319.1 (Rpts), MDR.

"Subsection based on MDH, Bk. 2, Vol. 2 (espe-
cially pp. 2.4 and 8.5-8.6) and Vol. 3, and Bk. 7,
Vol. 1, “Feed Materials and Special Procurement,”
pp- 9.6-9.9, DASA; Hewlett and Anderson, New
World, pp. 125-131; Gowing, Britain and Atomic
Energy, pp. 57-58 and 218-25; Completion Rpt, M.
W. Kellogg Co. and Kellex Corp., sub: K-25 Plant,
Contract W-7405-eng-23, 31 Oct 45, pp. 5 (re-
vised)-6, OROQ); Interv, Author with Cohen, 8 Jul
82, CMH; Karl Cohen, The Theory of Isotope Separation
as Applied to the Large-scale Production of U-235, ed.
George M. Murphy, in Division 111, Special Separations
Project, National Nuclear Energy Series, Vol. 3 (New
York: McGraw-Hill Book Co., 1951), pp. 5-29;
Memo, Dunning to George T. Felbeck (K-25 Proj
Mgr, Kellex), Albert L. Baker (Kellex Chief Engr),
and Keith, sub: Importance of Low Humidity at K-
25 Plant Site, 17 Apr 43, Admin Files, Gen Corresp,
601 (CEW), MDR; Safety Committee, Bull SM-2,
Safety Committee Regulations for Handling C-126
(Fluorine), Admin Files, Gen Corresp, 729.31,
MDR. On the question of cooler design, see Calen-
dar of Events, Internal vs. External Coolers, 6 May
44, Admin Files, Gen Corresp, 001, MDR.
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gases of unequal densities is placed in
a porous container surrounded by an
evacuated space, the lighter gas will
tend to escape at a more rapid rate
than the heavier. If the process can be
controlled, separation can be carried
forward by stages until an almost
pure concentration of the lighter
component is achieved. How much
more of the lighter than the heavier
component passes through a single
stage depends upon the density of the
gases and the difference in their mo-
lecular weights. In the case of urani-
um hexafluoride, the difference is
very small indeed, the lighter U-235
constituting only 0.85 percent.
Hence, the highest enrichment of the
lighter isotope in a single stage is
1.0043 times that of the heavier.

In practice, the degree of single-
stage separation actually attainable is
affected by the size, number, and dis-
tribution of the apertures, or pores,
in the barrier through which the proc-
ess gas passes and the variations in
the pressure of the gas itself. After in-
vestigating whether these limiting fac-
tors could be overcome sufficiently to
make possible construction of an efhi-
cient plant in terms of time and
output, Cohen proposed building a
plant of forty-six hundred stages to
produce 90 percent U-235. This
plant would operate as a single cas-
cade, with each stage feeding en-
riched material to the next higher
stage and depleted material to the
stage below. Operating at a relatively
high pressure, the plant would have a
low holdup of material in the barrier,
thus reducing the equilibrium time—
that is, the time required to complete
the process.
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The single cascade design contrast-
ed with the diffusion plant design on
which British atomic scientists had
been working since 1940. Their pro-
posed plant would employ a cascade-
of-cascades arrangement with low
pressure and high holdup. Such a
plant had certain advantages over the
American design; its lower-operating
pressure and temperature made the
solution to the barrier problem easier
and reduced the corrosive effect of
the process gas. The British scientists
also claimed their cascade-of-cascades
plant would have greater operating
stability and present fewer mainte-
nance problems, but American engi-
neers rejected the design because its
high holdup would increase the equi-
librium time substantially.

With the results of Cohen’s studies
and the British experiments at hand,
SAM scientists and Kellex engineers
worked as a team to design the basic
gaseous diffusion production unit.
This unit, designated the stage, had
three main elements: a converter,
control valve, and centrifugal pumps.
The converter consisted of a barrier,
its most central feature, and a cooler.
The highly porous metallic barrier,
initially comprised of flat plates but in
final design made up of annular bun-
dles of small tubes arranged and sup-
ported in much the same fashion as
the conventional shell-and-tube heat
exchanger long employed in steam-
powered engines, filtered the process
gas to separate uranium isotopes; the
cooler, a circular bundle of finned
copper tubes in the head of the con-
verter, removed the process-generat-
ed heat and controlled the stage tem-
perature. The system’s control valve,
an adaptation of the conventional
butterfly valve, maintained the re-
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quired stage pressure, and its centrif-
ugal pumps, consisting of a booster
and blower, transported and fed the

process gas from one stage to
another.
The Columbia-Kellex designers

considered combining the stage’s con-
verter, control valve, and pumps in a
completely sealed unit. This design
offered certain advantages, especially
with respect to maintaining a vacuum
and preventing leaks. The unit, how-
ever, would be bulky and its compo-
nents difficult to service. And, more
importantly, its fabrication would re-
quire more time than separate fabri-
cation of its component parts. To
overcome these disadvantages, the
designers modified their original dif-
fusion stage concept. Final equipment
designs called for the control valve
and the pumps and its motors to be
outside the converter. Although Car-
bide and Carbon engineers had sug-
gested that the cooler be removed
from the converter and manufactured
as a separate unit, the Columbia-
Kellex team rejected this proposal,
feeling that such a change would slow
down delivery of the converters.
This modified stage design, never-
theless, forced the Columbia-Kellex
designers to contend with another
mechanical problem—how to prevent
leakage. After extensive testing they
proposed that both pumps and
motors be encased in a vacuum-tight
enclosure containing inert gas, there-
by eliminating the primary obstacle in
centrifugal pump design: the need for
seals. The Westinghouse Electric and
Manufacturing Company built several
models of this design, which Colum-
bia scientists later successfully em-
ployed in laboratory tests. But before
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Columbia could develop a production
model, researchers at the Elliott Com-
pany in Pennsylvania had invented a
radically different type of seal for cen-
trifugal pumps. When tested at Co-
lumbia in early 1943, the designers
determined that this new type of seal
met all the requirements for the K-25
plant.

Some of the most difficult design
problems arose from the necessity of
using the highly corrosive uranium
hexafluoride as the process gas. Be-
cause earlier efforts by the OSRD to
find a substitute for uranium hexa-
fluoride had failed, the Army expand-
ed research by SAM, Princeton, and Du
Pont scientists in an effort to devise
ways to cope with the corrosive char-
acter of the gas. These investigations
established that the adverse effects of
corrosion could be inhibited through
pre-installation conditioning of the
process equipment and contributed to
the design of treatment methods.

The Barrier Problem

The heart of the gaseous diffusion
system was the barrier, the compo-
nent that proved most difficult to
design and fabricate.® Two objectives

8Subsection based on MDH, Bk. 2, Vol. 2, pp.
4.1-4.30 and 4.32-4.33, DASA; DSM Chronology,
16 Jun 44, Sec. 10, OROO; MPC Min, 13 Aug 43,
MDR; Ltr, Tolman to Groves, sub: Visit to Bell Tel
Labs To Discuss Work on Barrier Problem, 9 Oct
43, MDR; Ltr, Edward Mack, Jr. (SAM Labs), to
Urey, 31 Mar 44, Admin Files, Gen Corresp, 319.1
(Kellex and Others), MDR; Ltrs, Urey to Groves,
10 May 43, and Urey to Hough, 10 Nov 43, Admin
Files, Gen Corresp, 201 (Urey), MDR; Ltrs, Keith to
Groves, 23 Oct 43, and W. A. Akers (British group)
to Stowers, 26 Jun 44, and Min, Follow-up Review
Conf (K-25), 5 Jan 44, Admin Files, Gen Corresp,
001, MDR; Memo, Stowers to Groves, 7 Jan 44,
Admin Files, Gen Corresp, 095 (Kellex), MDR;
Hewlett and Anderson, New World, p. 139; Memo,
Tolman to Grove, sub: Status of Work on Pilot
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guided barrier research and develop-
ment at Columbia University, as well
as at Kellex: find a matenal that
would efficiently separate U-235 and
U-238 in a hexafluoride compound,
and develop mass production meth-
ods for making the material into bar-
riers. Ongoing tests soon revealed
that this material had to have certain
essential characteristics, namely, be
highly porous; resistant to the reac-
tive nature of uranium hexafluonde;
capable of withstanding the stresses
of fabrication, installation, and utili-
zation; and suitable for mass
production.

Columbia research had experiment-
ed with a great variety of metals and
alloys over a two-year period (1941-
42), testing many of them in Pilot
Plant No. 1, but with repeated disap-
pointment. Finally, in December
1942, the experiments of researchers
Edward Norris and Edward Adler
with a form of corrosion-resistant
nickel revealed the material’s highly
promising characteristics for satisfying
the exacting and rigorous barrier re-
quirements. To manufacture the
Norris-Adler barrier material in a
continuous process, as well as to test
other equipment under conditions ap-
proaching those anticipated in a
large-scale diffusion plant, the re-
search team at Columbia in January
1943 started building Pilot Plant
No. 2, a six-stage cascade unit, in the

Plants, Barriers, etc., in N.Y.,, 13 Mar 44, Admin
Files, Gen Corresp, 201 (Tolman), MDR; Memo,
Nichols to Groves, sub: Requirement for Nickel
Powder, 2 Mar 43, Admin Files, Gen Corresp,
600.12 (Research), MDR. In response to the atomic
program’s need for large quantities of powdered
nickel, International Nickel Company built addition-
al manufacturing facilities in West Virginia, New
Jersey, and New York.
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Nash Building. In early summer, this
pilot plant began producing the
Norris-Adler barrier material. Initial
tests, however, revealed distressing
structural weaknesses and production
deficiencies; the nickel material’s brit-
tleness made fabrication into tubes
difficult and the complex character of
the manufacturing techniques created
problems in achieving uniform quality
of production.

Manhattan leaders, nevertheless,
continued to be confident that the
barrier problem would be solved sat-
isfactorily. They intensified barrier re-
search and testing efforts of the Co-
lumbia team, as well as those of the
Kellex-Bell-Bakelite barrier research
group experimenting with a powdered
nickel barrier. The progress and re-
sults of these ongoing barrier-develop-
ment experiments were reviewed and
discussed in August, when the Military
Policy Committee convened on the
thirteenth. With cautious optimism,
the committee concluded that 2 suita-
ble—if not ideal—barrier would soon
be designed and fabricated. an im-
proved version of either the Norris-
Adler or Kellex barrier. But ensuing
results from months of testing dashed
the Columbia scientists’ hopeful ex-
pectations of producing good-quality
barrier material; their Norris-Adler
prototype, though much improved,
was still too brittle and lacking in uni-
form quality. The Kellex-Bell-Bakelite
team’s experiments, however, particu-
larly those with a material that com-
bined some of the best features of the
Norris-Adler and the powdered nickel
barriers, demonstrated that its new
barrier achieved good separation char-
acteristics and presented fewer fabrica-
tion problems.
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In early November, Groves endeav-
ored to reach a workable solution as
to the direction barrier development
should proceed. After listening to ar-
guments from Urey and the Columbia
scientists in support of the latest bar-
rier they had devised and to Keith
and the Kellex group concerning the
advantages of their improved pow-
dered nickel barrier, Groves decided
that the most feasible policy was to
continue work on both types, the
Kellex barrier providing insurance
against the possible failure of the Co-
lumbia barrier. Predictably, this com-
promise was unpopular with both
sides. Urey, in particular, who from
the start had resented the diversion of
effort from his own project to the
Kellex group to accelerate barrier de-
velopment, saw it as further indica-
tion of Groves’s intention to exclude
Columbia from all useful work on the
atomic project, and he reminded the
Manhattan commander that he had al-
ready transferred both the pile ex-
periments and the heavy water re-
search from Morningside Heights to
Chicago.

Contributing to Urey’s harsh judg-
ment of the intent of Groves’s action
was his awareness of the discourage-
ment felt by many of those working
on the barrier problem. In fact, by
the end of 1943, morale had plum-
meted to a very low point. Not the
least of the factors causing this pre-
vailing pessimism was adverse criti-
cism of the Columbia-Kellex plant
design by some members of the Brit-
ish delegation of scientists assigned to
the atomic project. The British ex-
pressed decided preference for the
cascade-of-cascades design of their
own plant, arguing that the single cas-
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cade design of the American plant
would not eliminate the “surges”—
sudden, sharp variations in gas pres-
sure—that might well make the Ten-
nessee plant inoperable. While also
stating a preference for Kellex’s im-
proved powdered nickel barrier over
Columbia’s, the British considered
even the Kellex barrier to be far from
perfected. Finally, too, the visiting sci-
entists indicated great skepticism that
Kellex would have the production
plant in operation by the projected
date, 1 July 1945. Groves sharply dis-
agreed with the British on this last
point, holding that, if Kellex was rea-
sonably certain the plant would be
operating by that date, it probably
would be in production even sooner.

Keith and his Kellex colleagues par-
ticularly resented the visit of the Brit-
ish scientists. In January 1944, the
Kellex chief asserted that the British
had set progress back a month be-
cause of time spent answering ques-
tions and assisting them in making
studies, many duplicating studies
made by his own engineers months
earlier. At the same time, he com-
plained to the New York area engi-
neer that Groves appeared to be
avoiding a decision on the barrier
question and also seemed to be trying
to push back the plant completion
date. Colonel Stowers wrote hurriedly
to General Groves, expressing anxiety
at the alarming decline of enthusiasm
he noted in the normally ebullient
and confident Kellex chief.

But much of the gloom prevailing
at Kellex and Columbia was dispelled
by developments in the early months
of 1944. On 16 January, Groves met
with representatives of Kellex, Car-
bide and Carbon, SAM Laboratories,
and the Houdaille-Hershey Corpora-
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tion to discuss progress on the bar-
rier. The group convened at Decatur,
Illinois, where Houdaille-Hershey was
building a new plant for the manufac-
ture of barriers of the Norris-Adler
type. At the conclusion of the meet-
ing Groves announced that the Deca-
tur plant would be converted immedi-
ately so that it could produce Kellex’s
improved powdered nickel barrier,
because it was considerably easier to
fabricate and manufacture than the
Norris-Adler. Fortunately, a lot of
precious production time was not lost
during the conversion process. Most
of the equipment and many of the
procedures for producing the Norris-
Adler barrier were readily adapted for
producing the Kellex type.

An important factor in Groves’s de-
cision to go ahead with mass produc-
tion of the Kellex barrier was his
knowledge of the International Nickel
Company’s successful production of a
high-quality powdered nickel, thus
providing a ready source of the type
of nickel out of which the Kellex bar-
rier could be best fabricated. In what
proved to be a most fortuitous move,
the Manhattan commander had di-
rected Colonel Nichols in the spring
of 1943 to have the company build fa-
cilities for the manufacture of barrier
material. And because of this early
start, company technicians by early
1944 had developed a process for
producing powdered nickel of a type
and quality especially suitable for fab-
ricating the Kellex barrier. In fact, by
April, the firm had accumulated in its
storage facility some 80 tons, more
than enough for immediate shipment
to the diffusion pilot plants in New
York.
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Meanwhile, barrier developments at
Columbia also provided more reason
for optimism. Pilot Plant No. 2 had
begun turning out sizable amounts of
a good-quality Norris-Adler barrier.
Thus, before receipt of the District’s
orders in April to convert No. 2 to
manufacture Kellex’s improved pow-
dered nickel barrier, Columbia scien-
tists had the satisfaction of being the
first to achieve quantity production of
their material.

Pilot plant testing and production
of barrier materials continued apace
into the summer of 1944. While pro-
viding the first opportunity to ascer-
tain the separation qualities of the
Kellex barrier under conditions simu-
lating large-scale plant operations,
these pilot plant tests demonstrated
the need for more improvements.
But, at this juncture, with the con-
tinuing lack of barrier components
threatening to hold wup further
progress in design and construction
of the main diffusion plant at the
Clinton site, Manhattan Project lead-
ers knew the time for experimentation
was at an end. They now felt the ur-
gency of directing all of their efforts
to expediting Houdaille-Hershey’s
mass production of the less than ideal
Kellex barrier in sufficient quantity to
equip each of the thousands of stages
of the Tennessee plant.

Plant Design

In the early stages of planning, ev-
eryone had assumed that the objec-
tive was to design and build a gaseous
diffusion plant capable of producing
a 90-percent-enriched product. But
data that became available to the
design teams from ongoing research
and pilot plant studies indicated that
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considerable time in design and engi-
neering would be saved if the cascade
equipment were limited to that pro-
ducing a product of lower enrich-
ment. Theoretically, a cascade con-
structed with tubular barriers would
be efficient up to the point of a 36.6-
percent concentration; for higher
product enrichment, quite differently
designed barriers would be necessary.
Furthermore, the plant designers
soon discovered that, because of the
greater capacities required, the cen-
trifugal pumps under development
for the lower stages could not be
used above the 36.6-percent level. In
other respects, too—for instance, in-
creased likelihood of critical product

accumulation—the design of the
upper stages presented special
problems.

General Groves, as early as Febru-
ary 1943, cited an alternative solution
that would save much time and
seemed certain to work: Why not take
the output from the lower stages of
the gaseous diffusion plant and feed
them into the Beta phase of the elec-
tromagnetic plant? By mid-year, elec-
tromagnetic plant construction was
going so well that this solution
seemed all the more feasible. Groves
therefore asked Kellex to submit esti-
mated completion dates for 5-, 15-,
36.6-, and 90-percent plants. On the
basis of these estimates, he then in-
structed Keith and the Kellex design
teams to draw up plans for a 36.6-
percent plant. Meanwhile, research on
the upper stages continued on a re-
duced scale.

As a consequence, by late 1943,
project design was making substantial
progress in most directions. The
knottier aspects of pump design and
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procurement appeared to be solved;
soon, the Allis-Chalmers Manufactur-
ing Company and several smaller
firms would be able to satisy all of the
District’s requests for pumps in what-
ever quantities needed. Also, the
pump seal problem appeared to be
well on the way to solution.®
Although lack of a really suitable
barrier had prevented development of
adequate equipment for testing the
diffusion operation on something ap-
proaching production plant scale, it
had not held up completion of Kellex
designs for the overall plant. These
designs projected as the main gaseous
diffusion production unit a cascade of
2,892 stages, connected in a single
series. Ideally, Kellex engineers might
have incorporated into the plant
design a requirement for a converter
and pumps of slightly smaller size at
each successive stage in the cascade.
Because this, however, would have re-
sulted in extremely complicated and
costly manufacturing and installation
problems, they compromised. They
provided for five different-sized
pumps and four different-sized con-
verters, thus dividing the whole cas-
cade into nine variably pressurized
sections. The sections normally would
function as a single cascade, although
each could be operated individually.
Within each section the smallest oper-
able unit was the cell, containing 6
stages enclosed in a sheet metal cubi-
cle that would be supplied with dry

?Min, Coordination Committce Mig, 13 Feb 43,
and Ltrs, S. B. Smith (Kellex) to Stowers, 7 Sep 43,
Admin Files, Gen Corresp, 337 (Univ of Calif) and
(Kellex), respectively, MDR; Ltr, Oppenheimer to
Nichols, 1 Jul 43, and Memo, Arnold and Dunning
to Keith, sub: The Diffusion Plant, 28 Apr 43,
Admin Files, Gen Corresp, 600.12 (Projs and
Prgms: K-25), MDR; MDH, Bk. 2, Vol. 2, pp. 5.1-
5.28, and Vol. 3, pp. 7.1-7.3 and 8.12-8.14, DASA.
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air and kept heated to a uniform
temperature. 1

Design of the cascade unquestion-
ably constituted the single most im-
portant and difficult feature of the
gaseous diffusion production plant.
But for the Kellex engineers it was
only a small part of the job. Working
in cooperation with numerous equip-
ment and supply contractors, they
also had to prepare blueprints and
specifications for a vast array of sup-
port and control facilities. Cascade
operation, for example, required
purge cascades, process gas recovery,
surge and waste, and product removal
systems, as well as a large number of
instruments for maintaining a con-
stant check on all conditions through-
out the plant. Plant instrumentation
had to be extremely reliable, for even
slight variations in such factors as
pressure  or temperature could
produce adverse effects.

To house the main cascade and its
auxiliary facilities, Kellex engineers
designed a huge structure of fifty-four
contiguous units, or buildings, ar-
ranged in a gigantic U-shaped pat-
tern more than half a mile long on
each side and a quarter of a mile
wide. They laid out the interior of
these buildings on four different
levels: a basement housing lubricating
and cooling equipment, ventilating
fans and ducts, and transformers and
electrical switchgear; a cell floor con-
taining the steel-encased cells lined
up in two parallel rows extending the
length of a building; a pipe gallery
carrying the main process lines and
numerous auxiliary lines; and an op-

1*MDH, Bk. 2, Vol. 3, Secs. 8 and 9, DASA; Com-
pletion Rpt, Kellex Corp., sub: K-25 Plant, 31 Oct
45, pp. 5(revised)-8, OROO.
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erating floor, the location of most of
the control devices and meters for
cascade operation. At the operating
floor level they placed a central con-
trol room at the base of the U, with
instruments to keep track of the
whole process and remote controls
for all motorized valves.

After completion of the cascade
design for the plant at the Clinton
Engineer Works (CEW), most of the
research and development teams at
Columbia and Kellex, and elsewhere,
turned their primary energies to engi-
neering and testing equipment and
support facilities. With Groves’s per-
mission, however, a few SAM and
Kellex researchers and engineers con-
tinued work on developing diffusion
equipment that could achieve a
higher product enrichment. In sup-
port of this investigation, in late
summer of 1944 Kellex placed a 10-
stage pilot plant in operation. By mid-
January 1945, Kellex was ready to
begin engineering and procurement
for an extension to the upper stages
of the K-25 plant that would bring
the level of its product to an enrich-
ment of approximately 85 percent.
Groves authorized Kellex to proceed,
but canceled the extension when data
showed a greater product output
could be achieved by increasing the
amount of uranium of a lower per-
centage of enrichment for feeding
into the electromagnetic plant. To
achieve this goal, Groves directed
Kellex to design and engineer a 540-
stage side-feed unit (later designated
K-27) in which the waste output from
the main K-25 cascade could be com-
bined with natural uranium to
produce a slightly enriched product.
By feeding the K-27 output into the
higher stages of K-25, plant designers
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estimated the total production of
U-235 could be increased by 35 to
60 percent. Kellex hoped to get the
K-27 extension into operation early in
1946.11

Building the Gaseous Diffusion Plant

The Tennessee site for the gaseous
diffusion plant consisted of a tract of
5,000 acres in the northwest corner of
the CEW reservation, approximately
15 miles southwest of the town of

Oak Ridge.'2 (fee Map 3.) Enclosed

'1 Dist Engr, Monthly Rpts on DSM Proj, Mar-
Apr 45 to Mar 46, OCG Files, Gen Corresp, MP
Files, Fldr 28, Tab A, MDR; MDH, Bk. 2, Vol. 3,
Sec. 14, DASA; Completion Rpt, M. W. Kellogg Co.
and Kellex Corp., sub: K-27 Extension, 31 Jan 46,
p- 3 (revised), OROO.

12 Subsection based on Completion Rpt, Kellex
Corp., sub: K-25 Plant, 31 Oct 45, pp. 4, 8-10, 14~
28, 30-31, 33 (revised), and maps following p. 40,
OROO; MDH, Bk. 2, Vol. 4, pp. 2.6-2.7, 3.3-3.9,
3.46-3.51, 3.73-3.75, 5.1-5.4, 7.1, and Apps. Cl
(Chart, Actual K-25 Constr Progress), C7 (Chart,
Process Area Constr Progress), C16 (Org Chart),
C25 (Chart, Daily K-25 Constr Forces), and Vol. 5,
“Operation,” pp. 6.3-6.4, DASA; Memo, Dunning
to Felbeck, Baker, and Keith, sub: Importance of
Low Humidity at K-25 Plant Site, 17 Apr 43, MDR;
Groves, Now It Can Be Told, pp. 12 and 116-17;
Completion Rpt, Kellex Corp., sub: K-27 Extension,
31 Jan 46, p. 21 (p. 2 of attached cost statement),
OROO; Dist Engr, Monthly Rpts on DSM Proj,
1 Jul-9 Aug and Sep 43, Apr, Jun, Aug and Oct 44,
and Mar and Sep 45, MDR; Org Charts, U.S. Engrs
Office, MD, 15 Aug and 1 Nov 43, and 15 Feb 44,
MDR; Maj Willilam T. St. Clair (MD officer who
monitored K-25 plant construction), Daily Diary,
9 Nov 43-13 Sep 45, passim, Kellex Records, Box
748, OROO; Draft Article, Maj Gen Leslie R. Groves,
“Development of the Atomic Bomb,” Admin Files,
Gen Corresp, 000.74 (Mil Engr), MDR; Ltrs, Keith
to Stowers, 6 Oct 44, Stowers to Dist Engr, sub:
Change of Estimate Opn Date of Case 1, 10 Oct 44,
and Groves to Dist Engr, 1 Nov 44, Admin Files,
Gen Corresp, 600.12 (Projs and Prgms: K-25),
MDR; Ltr, Tolman to Groves, sub: Status of Case V,
1 Feb 45, Admin Files, Gen Corresp, 319.1 (Rpts),
MDR.
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on the north, south, and east by thick-
ly wooded ridges and on the west by
the Clinch River, the site had few
roads, no railroads (although a main
line was located a few miles to the
north), and only one substantial struc-
ture (a country schoolhouse). Project
engineers would have preferred a dif-
ferent location, especially one with
lower average humidity; however, be-
cause the land at Clinton had been
available for immediate purchase in
early 1943, Manhattan leaders did not
perceive the engineers’ concern as
critical as their own desire to get
plant construction under way. Fur-
thermore, they felt that the site satis-
fied other major requirements. It had
a readily available water supply and a
relatively level area of about 1,000
acres for the plant facilities, and its
location was distant from the other
production plants and the densely
populated areas.

Under terms of the prime contract
with M. W. Kellogg, Kellex was to not
only design and engineer the K-25
plant but also supervise its construc-
tion, using its own large field forces
plus numerous contractors and sub-
contractors. The prime construction
contractor was the J. A. Jones Con-
struction Company of Charlotte,
North Carolina, whose reputation on
other Army projects had impressed
Groves. Typical of the more than
sixty subcontractors were the D. W.
Winkleman Company for grading and
drainage of the site, the Bethlehem
Steel Corporation for steel work, and
the Interstate Roofing Company for
installation of heating and ventilating
systems.

Wherever possible, Kellex delegat-
ed to Jones and the other contractors
specific procurement of equipment
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and supplies needed in construction.
Similarly, it contracted out thousands
of orders for process and auxiliary
equipment. Major equipment manu-
facturers were Allis-Chalmers for cen-
trifugal pumps and motors of all
kinds; the Chrysler Corporation for
converters; and Houdaille-Hershey,
Linde Air Products, and Bakelite for
barrier material. Some of these
firms—for example, Allis-Chalmers,
Chrysler, and Houdaille-Hershey—
had to build entirely new plants or
undertake extensive conversion of ex-
isting facilities.

Through its rapidly expanding
Manhattan District organization, the
Army monitored and reviewed the
many hundreds of agreements negoti-
ated by Kellex, Jones, and other firms
in late 1943. During the first few
months of relatively limited oper-
ations at the building site, District En-
gineer Nichols exercised control over
the project through the New York
Area Engineers Office, whose staff
maintained constant contact with the
Kellex and Columbia University
groups, and through the CEW Con-
struction Division. But rapid expan-
sion of construction and procurement
activities eventually compelled Colo-
nel Nichols to reorganize his Tennes-
see headquarters staff, establishing
construction and operations divisions
for each major production project. In
his capacity as the K-25 unit chief,
and in keeping with normal Corps of
Engineers practice, Colonel Stowers
organized the new K-25 Construction
Division to parallel the organizational
structure set up by the principal con-
struction contractors—Unit I for the
power plant, Unit II for the condi-
tioning facilities, and Unit III for the
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the process plant—and assigned Maj.
Willlam P. Cornelius as division
chief.13

Actual construction started on the
day after Memorial Day 1943, when a
survey party began laying out the
power plant site at an area adjacent to
the east bank of the Clinch River.
Two months later grading began in
the area for the conditioning facili-
ties—a large structure to house the
treatment apparatus for coating proc-
ess equipment with fluorine gas, thus
providing protection against the ex-
tremely corrosive action of the urani-
um hexafluoride process gas, and a
number of smaller buildings for the
generation and storage of fluorine,
production of gaseous nitrogen, and
neutralization. To ensure these facili-
ties would be ready in time so that
K-25 workers could treat the process
equipment before installation in the
main production plant, Kellex and
District authorities decided to engage
a second major construction contrac-
tor—the firm of Ford, Bacon, and
Davis—to build them.

Ground preparation on the main
plant site did not start until 20 Octo-
ber 1943. Although relatively level by
comparison with the surrounding ter-
rain, the site was broken into ridges
and valleys that required cuts up to
50 feet and fills averaging 25 feet.
The great weight of the buildings that
would house the cascade and its com-
plicated, interconnected equipment
made exceptionally stable foundations
necessary. Ordinarily, such founda-

'3 The conditioning area was comprised of facili-
ties for preparing process equipment for installation
in the process buildings. for a fuller
description of the design and construction of the
K-25 power plant.
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tions would have been carried down
to bedrock, a procedure that would
have required thousands of concrete
columns of different lengths. But, to
save time, Kellex used the then novel
method of compacted fill. Foundation
workers put down earth in 6-inch
layers, constantly checking in a field
laboratory for proper moisture con-
tent and soil mixture. Then they com-
pacted the fill with sheepsfoot rollers
to a density slightly greater than that
of undisturbed soil.}* Next they
poured the foundation footings di-
rectly on top of the undisturbed earth
in the cut sections and on the com-
pacted fill in the filled-in sections. In
spite of the abnormally rainy weather
in the fall of 1943, the K-25 workers’
use of innovative construction tech-
niques enabled them to complete
laying down the foundations far more
quickly than would have been possi-
ble with more traditional methods.

Kellex engineers also employed
other time-saving methods, consistent
with their basic goal of completing
the production plant as rapidly as
possible. Thus, wherever feasible,
they overlapped activities normally
carried out separately. The day grad-
ing began, J. A. Jones crews also
poured concrete for the first building.
And, as soon as the foundations had
hardened, crews moved in heavy
gooseneck cranes (the foundations
had been deliberately designed to
carry their weight) and began lifting
the structural steel frames of build-
ings into place.

14 Used to compact clay soil, a sheepsfoot roller is
a towed roller with a large number of 4-inch-long
steel bars welded radially to the surface of the roller
drum. See Dictionary of Civil Engineering, s.v. *‘sheeps-
foot roller.”



162

MANHATTAN: THE ARMY AND THE ATOMIC BOMB

GasEous DiFrusioN PLANT UNDER CONSTRUCTION AT CEW

Another objective of Kellex’s
speedup techniques was to get some
sections of the huge plant into oper-
ation as soon as possible. The firm’s
initial construction schedule, adopted
in August 1943, provided for, first,
completing one cell for testing;
second, finishing one building as a
so-called 54-stage pilot plant; and
third, completing enough of the plant
to produce an enriched product con-
taining 0.9 percent U-235. The
schedule designated this first produc-
tion section, Case I. Three additional
cases, with outputs of 5-, 15-, and 36-
percent product enrichment,!% would

15 In their projections of estimated output the
Kellex design engineers reduced the original 36.6-
percent level of product enrichment to 36 percent.

be finished as of 1 June, 15 July, and
23 August 1945, respectively. As con-
struction progressed, Kellex engi-
neers revised the original schedule to
conform to changing conditions.
Thus, the schedule of August 1944
called for completion in 1945 of Case
I (0.9 percent) on 1 January, Case II
(5 percent) on 10 June, Case III (15
percent) on 1 August, Case IV (23
percent) on 13 September, and a new
Case V (36 percent) as soon as possi-
ble thereafter.

To ensure adherence to this highly
complex and, in many respects unor-
thodox construction schedule, Kellex

See Completion Rpt, Kellex Corp., sub: K-25 Plant,
p. 3, OROO.
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K-25 STEEL-FRAME CONSTRUCTION

adopted a variety of rigid control
measures. Typical were the two com-
plete and identical charts the firm
maintained, one in 1its New York
office and the other at the construc-
tion site, on which it recorded the
current manufacturing and delivery
status of the hundreds of thousands
of items required for building the
plant.

There were tmes, however, when
labor shortages, especially in the
skilled categories, were acute. The
contractors endeavored to overcome
some of the shortages by on-the-job
training and simplifying construction
tasks wherever possible. Fortunately,
too, because each stage of the plant

was comprised of similar basic com-
ponents, construction crews gained
skill and speed from the repettive-
ness of their work. With the Army’s
support, J. A. Jones and Ford, Bacon,
and Davis also sought to improve
living conditions and undertook other
ameliorative steps for their workers,
which reduced labor turnover and
limited work stoppages to about 0.1
percent of total man-hours.1®

One unusual feature of the con-
struction work on the K-25 plant was
the exceptionally stringent emphasis

16 See [Chs XVTand[XVII]for a more detailed dis-
cussion of manpower problems. Bee Ch. XXTlfor a
description of efforts to improve living conditions
for K-25 construction employees.
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on cleanliness. Because even minute
amounts of foreign matter would have
highly deleterious effects on process
operations, construction workers had
to cleanse all pipes, valves, pumps,
converters, and other items of equip-
ment thoroughly before installation.
Workmen in a special unit performed
this vast operation in the large condi-
tioning building, using equipment for
solvent degreasing, alkaline cleaning,
acid pickling, scratch brushing, sur-
face passivation, and a variety of
other procedures. When they fin-
ished, they sealed all openings to in-
terior surfaces and kept them sealed
until installation teams put the equip-
ment into place.

To make certain no dust or other
foreign matter polluted the system
during installation, J. A. Jones insti-
tuted a rigid schedule of surgical
cleanliness in installation areas. Iso-
lating these areas with temporary par-
titions, the workers installed pressure
ventilation, using filtered air. Then
they cleaned the areas thoroughly,
and inspectors carefully checked all
personnel and material that entered
them. Maintenance crews with mops
and vacuum cleaners continued to
remove any foreign substances that
seeped in. When trucks had to enter,
workers hosed them down at the
entrances.

Workers wore special clothes and
lintless gloves. Because certain work
on equipment to be used in plant in-
stallations could not be done in the
dirt-free areas, such as welding pipes
and other small jobs, J. A. Jones in-
stalled special inflatable canvas bal-
loons and the work was done inside
them. The cleanliness control meas-
ures required many additional guards,
inspectors, and supervisors, but they
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did not appreciably slow down the
work. In fact, in some ways the good
housekeeping actually facilitated the
progress of construction.

Even more painstaking was the in-
stallation of more than 100 miles of
pipe without flanged joints, and with
welds that had to meet tightness spec-
ifications more severe than any ever
encountered before in commercial
construction. Pipe-fitting crews devel-
oped fourteen special welding tech-
niques. Individual welders then learn-
ed the techniques, each specializing in
those required for a particular type of
installation. At the height of construc-
tion, there were some twelve hundred
welding machines in use. All of the
work required rigid control and tedi-
ous Inspection to ensure joints were
tight and no internal scale formed
that might later find its way into the
process system

At last, on 17 April 1944, the first
6-stage cell of the main plant was
ready for test runs. Brief trial oper-
ations of this unit continued in May.
During the summer months, as con-
stuction crews finished additional
stages, technicians put them through
trial runs. Although barrier tubes
were not available (installation of the
first did not begin until fall of 1944),
these tests permitted assembly of val-
uable data concerning performance of
other plant components and detection
of mechancial defects, such as leaks
and sealant failures. Approximately
two months behind schedule, equip-
ment contractor workmen completed
Case I (402 stages) to the point where
processing of feed material could
begin, but at least another month
passed before the unit attained the
0.9-percent level. The other cases
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were completed either on time or
ahead of schedule. Kellex and ]J. A.
Jones transferred the last K-25 plant
unit to Carbide and Carbon, the op-
erating contractor, on 11 September
1945. Total construction cost, includ-
ing the 540-stage side-feed extension
(K-27) unit completed after the war,
was $479,589,999.

Plant Operation

In late 1942, when the atomic
project leaders were considering po-
tential operators for the gaseous dif-
fusion plant, Kellex’s Percival Keith
expressed a strong preference for the
Union Carbide and Carbon Corpora-
tion.!” In this leading chemical firm
Keith saw a versatile organization
with skilled personnel who would be
able to not only operate the complex
diffusion production process but also
provide design, engineering, and con-
struction assistance to hard-pressed
Kellex engineers. Satisfied with
Keith’s opinion, Groves directed Man-
hattan representatives to commence
negotiations with Union Carbide off-

7 Subsection based on DSM Chronology, 12 Dec
42, Sec. 4, OROO; Hewlett and Anderson, New
World, pp. 120-22, 298-302, 374, 624-25; Dist
Engr, Monthly Rpts on DSM Proj, Dec 44 and Jan-
Sep 45, MDR; MDH, Bk. 2, Vol. 1, “General Fea-
tures,” pp. 4.6 and 5.7, Vol. 2, pp. 2.2-2.3, and Vol.
5, pp. 2.1-2.7, 3.1-3.6, 4.3-4.4, 8.1-8.16 (espedially
table following 8.3), 10.1-10.5, 12.1-12.2, and
Apps. Bl (Chart, K-25 Vacuum Testing Opns and
Progress). B22 (Org Chart, Ford, Bacon, and Davis,
31 Mar 44), F2 (Key Personnel, Carbide and
Carbon), DASA; Smyth Report, p. 133; Org Charts,
U.S. Engrs Office, MD, 15 Feb 44, 1 Jun 44, 28 Aug
44, 10 Nov 44, 26 Jan 45, MDR; Memo for File, Ma)
Wilbur E. Kelley (Y-12 Opns Div chief), 23 Sep 44,
Admin Files, Gen Corresp, 600.12 (Projs and
Prgms: K-25), MDR; Completion Rpt, Kellex Corp.,
sub: K-25 Plant, p. 3, OROO; Memo for File, Brig
Gen Thomas F. Farrell (Groves’s Dep), sub: Jul 12th
Confs in New York, N.Y., 13 Jun 45, Admin Files,
Gen Corresp, 337 (LC), MDR.
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cials. Finally, in January 1943, Union
Carbide agreed to become the prime
operating contractor—but through its
subsidiary, the Carbide and Carbon
Chemicals Corporation—and selected
one of its vice presidents, physical
chemist and engineer George T. Fel-
beck, as project manager in charge of
K-25 operations.

In the letter contract with Carbide
and Carbon, Keith made certain that
there was a provision for Kellex to
obtain help in plant construction.
Later modifications in the formal con-
tract, signed in November 1943, ex-
tended the operating contractor’s
area of responsibility to include co-
ordination of barrier research and de-
velopment, construction and oper-
ation of a plant for producing nickel
powder, conversion of Bakelite facih-
ties to produce special barrier materi-
al, and assumption in February 1945
of the SAM Laboratories research
program, hitherto operated by Co-
lumbia University.

Under terms of the prime contract,
Carbide and Carbon was to receive an
operator’s fee of $75,000 per month
for full plant operation, and addition-
al payments as warranted. Although it
would shoulder principal responsibil-
ity for production activities, it did not
agree—as did Du Pont with the
plutonium plant and the Tennessee
Eastman Corporation with the elec-
tromagnetic plant—to serve as sole
operator of the gaseous diffusion
plant. Carbide officials did not want
responsibility for conditioning the
process equipment against the corro-
sive nature of the uranium hexafluor-
ide process gas, nor did they want the
potentially hazardous task of manu-
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facturing the volatile fluorine gas
used for conditioning.

As an alternative, District officials
had arranged with Chrysler, already
under contract for manufacturing the
converter component of the diffusion
system, to do the conditioning. But
when Kellex and Army authorities
came to working out details of the
equipment contract with the automo-
bile firm, they learned that it lacked
the necessary facilities for fluorine
conditioning 1in its Detroit plant. Fol-
lowing months of delay, Manhattan
and Carbide officials resolved the
problem in November 1943. Based on
recommendations by Union Carbide,
Carbon and Carbide officials tempo-
rarily assigned responsibility for oper-
ating the conditioning facilities to the
building contractor, Ford, Bacon, and
Davis, and building and operating re-
sponsibility for the fluorine produc-
tion facilities to the Hooker Electro-
chemical Company. Up until early
1945, when Carbide and Carbon as-
sumed full operational control of
these facilities, this arrangement per-
mitted the prime operating contractor
to concentrate its efforts on the proc-
ess and power plants.

Preparations

During 1943, with gaseous diffu-
sion plant production activities on a
limited scale, the Manhattan District
monitored the work of the several op-
erating contractors through its K-25
Construction Division. When oper-
ations began to expand rapidly in early
1944, the district engineer established
a K-25 Operations Division, headed
by Maj. John ]J. Moran ([Chart 3]
For months Moran’s division func-
tioned with only eight officers and
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five civil service employees. Then as
the main diffusion plant became oper-
ational in 1945, the division acquired
some additional personnel and, by
the fall of that year, was operating
with fourteen officers, nine enlisted
men, and twenty civil service employ-
ees. But this was a relatively small
staff to oversee the multifarious activi-
ties of a production plant that at the
peak of its operations employed more
than eleven thousand workers. It
proved adequate, however, because
Colonel Stowers, the K-25 unit chief,
employed the staff of the New York
Area Engineers Office, which he also
continued to head, to assume a con-
siderable part of the load of maintain-
ing liaison among the major compa-
nies involved in gaseous diffusion
operations.

In the spring of 1944, about the
time construction crews were com-
pleting the first cell in the main proc-
ess building, Carbide and Carbon
began setting up its production orga-
nization at the plant site. The firm
had been recruiting personnel for an
operating force since late 1943, but
with only limited success. And be-
cause recruitment difficulties also ex-
tended to supervisory and technical
positions, the district engineer even-
tually had to augment the K-25
technical staff with skilled personnel
from the District’s Special Engineer
Detachment.1®

18 On specific problems in recruitment of supervi-
sory and technical personnel see Memo, Stowers to
Marshall, sub: K-25 Proj Requirements, 21 Jan 43,
Admin Files, Gen Corresp, 600.12 (Projs and
Prgms: K-25), MDR; MDH, Bk. 2, Vol. 5, pp. 2.1-
2.4, DASA.
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As newly recruited workers report-
ed in, Carbide and Carbon made
preparations for their orientation and
training. By October 1944, a suffi-
cient number of instructors and train-
ees were on hand to establish an op-
erations training center in a building
formerly occupied by the local public
school. At the start, the center’s cur-
riculum consisted of two major cours-
es: process training and vacuum test
training. Later, courses were added
for process maintenance men and in-
strument mechanics. In the begin-
ning, only men were enrolled, but the
continuing shortage of workers com-
pelled Carbide and Carbon to recruit
a large number of women as process
operators. After employees had re-
ceived more than eighty hours of
formal classroom training, they un-
derwent a period of on-the-job train-
ing before final assignment to an op-
erating position.

In August 1944, some new workers
h