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Introduction

Introduction: The Einstein Letter

On October 11, 1939, Alexander Sachs, Wall
Street economist and longtime friend and
unofficial advisor to President Franklin Delano
Roosevelt, met with the President to discuss a
letter written by Albert Einstein the previous
August. Einstein had written to inform Roosevelt
that recent research on chain reactions utilizing
uranium made it probable that large amounts of
power could be produced by a chain reaction and
that, by harnessing this power, the construction
of “extremely powerful bombs” was conceivable.!
Einstein believed the German government

was actively supporting research in this area

and urged the United States government to do
likewise. Sachs read from a cover letter he had
prepared and briefed Roosevelt on the main
points contained in Einstein’s letter. Initially

the President was noncommittal and expressed
concern over locating the necessary funds, but at
a second meeting over breakfast the next morning
Roosevelt became convinced of the value of
exploring atomic energy.

Einstein drafted his famous letter with the help
of the Hungarian émigré physicist Leo Szilard,
one of a number of European scientists who had
fled to the United States in the 1930s to escape
Nazi and Fascist repression. Szilard was among
the most vocal of those advocating a program

to develop bombs based on recent findings in
nuclear physics and chemistry. Those like Szilard
and fellow Hungarian refugee physicists Edward
Teller and Eugene Wigner regarded it as their
responsibility to alert Americans to the possi-
bility that German scientists might win the race
to build an atomic bomb and to warn that Hitler
would be more than willing to resort to such a

weapon. But Roosevelt, preoccupied with events
in Europe, took over two months to meet with
Sachs after receiving Einstein’s letter. Szilard and
his colleagues interpreted Roosevelt’s inaction as
unwelcome evidence that the President did not
take the threat of nuclear warfare seriously.

Roosevelt wrote Einstein back on October

19, 1939, informing the physicist that he had

set up a committee consisting of civilian and
military representatives to study uranium.2
Events proved that the President was a man

of considerable action once he had chosen a
direction. In fact, Roosevelt’s approval of uranium
research in October 1939, based on his belief
that the United States could not take the risk of
allowing Hitler to achieve unilateral possession
of “extremely powerful bombs,” was merely the
first decision among many that ultimately led to
the establishment of the only atomic bomb effort
that succeeded in World War II—the Manhattan
Project.

The French, who did important research on
fission and the feasibility of chain reactions
using uranium in 1939 and early 1940, fell under
German occupation in June 1940. The British,
who made significant theoretical contributions
early in the war, did not have the resources to
pursue a full-fledged atomic bomb research
program while fighting for their survival.
Consequently, the British acceded, reluctantly,

to American leadership and sent scientists to
every Manhattan Project facility. The Germans,
despite Allied fears that were not dispelled until
the ALSOS mission in 1944,3 were little nearer to
producing atomic weapons at the end of the war
than they had been at the beginning of the war.
German scientists pursued research on fission,
but the government’s attempts to forge a coherent
strategy met with little success.

The Russians built a program that grew increas-

ingly active as the war drew to a conclusion, but
the first successful Soviet test was not conducted

vii
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until 1949. The Japanese managed to build several protected by oceans on both sides, managed to
cyclotrons by war’s end, but the atomic bomb take the discovery of fission from the laboratory
research effort could not maintain a high priority to the battlefield and gain a shortlived atomic

in the face of increasing scarcities. Only the monopoly.

Americans, late entrants into World War II and
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Part I:
Physics Background, 1890-1939

The Atomic Solar System

The modern effort to uncover the inner structure
of the atom began with the discovery of the
electron by the English physicist J. J. Thomson
in 1897. Thomson proved that cathode rays were
not some sort of undefined process occurring in
“ether” but were in fact composed of extremely
small, negatively charged particles. Dubbed
electrons, their exact charge and mass were

soon determined by John Townsend and Robert
Millikan.

At the same time, discoveries relating to the
curious phenomenon of radioactivity had also
begun to propel atomic research forward. In 1896,
the French physicist Antoine Becquerel detected
the three basic forms of radioactivity, which were
soon named alpha, beta, and gamma by Ernest
Rutherford, a student of Thomson from New
Zealand. Also in 1896, the husband-and-wife
team of Marie and Pierre Curie began work in
Paris on the emission of radiation by uranium
and thorium. The Curies soon announced their
discoveries of radium and polonium. They also

proved that beta particles were negatively charged.

In 1900, Becquerel realized that beta particles and
electrons were the same things.

In the first decade of the 20th century, Rutherford
began to pull all of this information into a
coherent whole. In 1903, he proposed that
radioactivity was caused by the breakdown of
atoms.” In 1908, he correctly identified alpha
particles as being the nucleus of helium; and in
1911, along with the German physicist Hans

Geiger, Rutherford postulated that electrons orbit
an atom’s nucleus, much as the planets orbit the
sun. The second fundamental atomic particle, the
proton, was “identified by Rutherford in 1919”

The Danish physicist Neils Bohr combined
Rutherford’s atomic concepts with Max Planck’s
quantum theory to produce the first modern
model of the atom. In 1913, Bohr demonstrated
that electrons moved around an atom’s nucleus in
certain discrete energy “shells” and that radiation
is emitted or absorbed when an electron moves
from one shell to another. The following year,
Henry Moseley, an English physicist, showed that
each element could be identified by its “unique
atomic number”

By the 1910s, then, scientists investigating the
inner structure of the atom had come to believe,
among other things, that energy exists within the
atom. Considered in light of Albert Einstein’s 1905
theoretical formula E=mc? (energy equals mass
times the square of the velocity of light) stating
that matter and energy were equivalent, this belief
held breathtaking possibilities. For if Einstein
were correct that matter and energy were different
forms of the same thing, it followed that anyone
unlocking the secrets of how these minute par-
ticles were held together-and how they could be
broken apart-could produce a massive release of
energy. By the late 1910s, then, the stage was set
to begin attempting to artificially transmute one
atom into another. And if Einstein was correct
that matter and energy were different forms of the
same thing, it followed that the conversion of a
significant quantity of matter into energy should
result in a massive release of energy.

The Road to the Bomb

The road to the atomic bomb began in 1919 when
Rutherford, working in the Cavendish Laboratory
at Cambridge University in England, achieved the
first artificial transmutation of an element when
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he changed several atoms of nitrogen into oxygen.
At the time of Rutherford’s breakthrough, the
atom was conceived as a miniature solar system,
with extremely light negatively charged particles,
called electrons, in orbit around the much
heavier positively charged nucleus. In the process
of changing nitrogen into oxygen, Rutherford
detected a high-energy particle with a positive
charge that proved to be a hydrogen nucleus. The
proton, as this subatomic particle was named,
joined the electron in the miniature solar system.
Another addition came in 1932 when James
Chadwick, Rutherford’s colleague at Cambridge,
identified a third particle, the neutron, so-named
because it had no charge.

By the early 1930s, the atom was thought to
consist of a positively charged nucleus, containing
both protons and neutrons, circled by negatively
charged electrons equal in number to the protons
in the nucleus. The number of protons deter-
mined the element’s atomic number. Hydrogen,
with one proton, came first and uranium, with
ninety-two protons, last on the periodic table.
This simple scheme became more complicated
when chemists discovered that many elements
existed at different weights even while displaying
identical chemical properties. It was Chadwick’s
discovery of the neutron in 1932 that explained
this mystery. Scientists found that the weight
discrepancy between atoms of the same element
resulted because they contained different numbers
of neutrons. These different classes of atoms of the
same element but with varying numbers of neu-
trons were designated isotopes. The three isotopes
of uranium, for instance, all have ninety-two
protons in their nuclei and ninety-two electrons
in orbit. But uranium-238, which accounts for
over ninety-nine percent of natural uranium, has
146 neutrons in its nucleus, compared with 143
neutrons in the rare uranium-235 (.7 percent of
natural uranium) and 142 neutrons in uranium-
234, which is found only in traces in the heavy
metal. The slight difference in atomic weight
between the uranium-235 and uranium-238

isotopes figured greatly in nuclear physics during
the 1930s and 1940s.

The year 1932 produced other notable events in
atomic physics. The Englishman J. D. Cockroft
and the Irishman E. T. S. Walton, working
jointly at the Cavendish Laboratory, were the
first to split the atom when they bombarded
lithium with protons generated by a particle
accelerator and changed the resulting lithium
nucleus into two helium nuclei. Also in that
year, Ernest O. Lawrence and his colleagues M.
Stanley Livingston and Milton White successfully
operated the first cyclotron on the Berkeley
campus of the University of California.

Moonshine

Lawrence’s cyclotron, the Cockroft-Walton
machine, and the Van de Graaft electrostatic
generator, developed by Robert J. Van de Graaff
at Princeton University, were particle accelerators
designed to bombard the nuclei of various
elements to disintegrate atoms. Attempts of the
early 1930s, however, required huge amounts of
energy to split atoms because the first accelerators
used proton beams and alpha particles as sources
of energy. Since protons and alpha particles are
positively charged, they met substantial resistance
from the positively charged target nucleus when
they attempted to penetrate atoms. Even high-
speed protons and alpha particles scored direct
hits on a nucleus only approximately once in a
million tries. Most simply passed by the target
nucleus. Not surprisingly, Ernest Rutherford,
Albert Einstein, and Niels Bohr regarded particle
bombardment as useful in furthering knowledge
of nuclear physics but believed it unlikely to meet
public expectations of harnessing the power of the
atom for practical purposes anytime in the near
future. In a 1933 interview Rutherford called such
expectations “moonshine.”> Einstein compared
particle bombardment with shooting in the dark
at scarce birds, while Bohr agreed that the chances
of taming atomic energy were remote.¢



From Protons to Neutrons: Fermi
Rutherford, Einstein, and Bohr proved to be
wrong in this instance, and the proof was not
long in coming. Beginning in 1934, the Italian
physicist Enrico Fermi began bombarding
elements with neutrons instead of protons,
theorizing that Chadwick’s uncharged particles
could pass into the nucleus without resistance.
Like other scientists at the time, Fermi paid little
attention to the possibility that matter might
disappear during bombardment and result in the
release of huge amounts of energy in accordance
with Einstein’s formula, E=mc?, which stated that
mass and energy were equivalent. Fermi and his
collegues bombarded sixty-three stable elements
and produced thirty-seven new radioactive ones.”
They also found that carbon and hydrogen proved
useful as moderators in slowing the bombarding
neutrons and that slow neutrons produced the
best results since neutrons moving more slowly
remained in the vicinity of the nucleus longer and
were therefore more likely to be captured.

One element Fermi bombarded with slow
neutrons was uranium, the heaviest of the known
elements. Scientists disagreed over what Fermi
had produced in this transmutation. Some
thought that the resulting substances were new
“transuranic” elements, while others noted

that the chemical properties of the substances
resembled those of lighter elements. Fermi was
himself uncertain. For the next several years,
attempts to identify these substances dominated
the research agenda in the international scientific
community, with the answer coming out of Nazi
Germany just before Christmas 1938.

The Discovery of Fission:

Hahn and Strassmann

The radiochemists Otto Hahn and Fritz
Strassmann were bombarding elements with
neutrons in their Berlin laboratory when they
made an unexpected discovery. They found
that while the nuclei of most elements changed

Physics Background, 1919-1939

somewhat during neutron bombardment,
uranium nuclei changed greatly and broke into
two roughly equal pieces. They split and became
not the new transuranic elements that some
thought Fermi had discovered but radioactive
barium isotopes (barium has the atomic number
56) and fragments of the uranium itself. The
substances Fermi had created in his experiments,
that is, did more than resemble lighter elements;
they were lighter elements. Importantly, the
products of the Hahn-Strassmann experiment
weighed less than that of the original uranium
nucleus, and herein lay the primary significance
of their findings. For it followed from Einstein’s
equation that the loss of mass resulting from the
splitting process must have been converted into
energy in the form of kinetic energy that could in
turn be converted into heat. Calculations made by
Hahn's former colleague, Lise Meitner, a refugee
from Nazism then staying in Sweden, and her
nephew, Otto Frisch, led to the conclusion that so
much energy had been released that a previously
undiscovered kind of process was at work. Frisch,
borrowing the term for cell division in biology—
binary fission—named the process fission.8 For
his part, Fermi had produced fission in 1934 but
had not recognized it.

Chain Reaction

It soon became clear that the process of fission
discovered by Hahn and Strassmann had another
important characteristic besides the immediate
release of enormous amounts of energy. This was
the emission of neutrons. The energy released
when fission occurred in uranium caused several
neutrons to “boil oft” the two main fragments

as they flew apart. Given the right set of
circumstances, perhaps these secondary neutrons
might collide with other atoms and release more
neutrons, in turn smashing into other atoms and,
at the same time, continuously emitting energy.
Beginning with a single uranium nucleus, fission
could not only produce substantial amounts of
energy but could also lead to a reaction creating
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FISSION
PRODUCT

Uranium-235 Fission Chain Reaction. Department of Energy.

ever-increasing amounts of energy. The possibility
of such a “chain reaction” completely altered the
prospects for releasing the energy stored in the
nucleus. A controlled self-sustaining reaction
could make it possible to generate a large amount
of energy for heat and power, while an unchecked
reaction could create an explosion of huge force.

Fission Comes to America: 1939

News of the Hahn-Strassmann experiments

and the Meitner-Frisch calculations spread
rapidly. Meitner and Frisch communicated their
results to Niels Bohr, who was in Copenhagen
preparing to depart for the United States via
Sweden and England. Bohr confirmed the validity
of the findings while sailing to New York City,
arriving on January 16, 1939. Ten days later Bohr,
accompanied by Fermi, communicated the latest
developments to some European émigré scientists
who had preceded him to this country and to
members of the American scientific community at
the opening session of a conference on theoretical
physics in Washington, D.C.

4

American physicists quickly grasped the
importance of Bohr’s message, having by the
1930s developed into an accomplished scientific
community. While involved in important
theoretical work, Americans made their most
significant contributions in experimental physics,
where teamwork had replaced individualism

in laboratory research. No one epitomized the
“can do” attitude of American physicists better
than Ernest O. Lawrence, whose ingenuity and
drive made the Berkeley Radiation Laboratory
the unofficial capital of nuclear physics in the
United States. Lawrence staked his claim to
American leadership when he built his first
particle accelerator, the cyclotron, in 1930. Van de
Graaft followed with his generator in 1931, and
from then on Americans led the way in producing
equipment for nuclear physics and high-energy
physics research later.

Early American Work on Fission
American scientists became active participants
in attempts to confirm and extend Hahn’s and



Strassmann’ results, which dominated nuclear
physics in 1939. Bohr and John A. Wheeler
advanced the theory of fission in important
theoretical work done at Princeton University,
while Fermi and Szilard collaborated with Walter
H. Zinn and Herbert L. Anderson at Columbia
University in investigating the possibility of
producing a nuclear chain reaction. Given that
uranium emitted neutrons (usually two) when

it fissioned, the question became whether or not
a chain reaction in uranium was possible, and,

if so, in which of the three isotopes of the rare
metal it was most likely to occur. By March 1940
John R. Dunning and his colleagues at Columbia
University, collaborating with Alfred Nier of

the University of Minnesota, had demonstrated
conclusively that uranium-235, present in only 1
in 140 parts of natural uranium, was the isotope
that fissioned with slow neutrons, not the more
abundant uranium-238 as Fermi had guessed. This
finding was important, for it meant that a chain
reaction using the slightly lighter uranium-235 was

Physics Background, 1919-1939

possible, but only if the isotope could be separated
from the uranium-238 and concentrated into

a critical mass, a process that posed serious
problems. Fermi continued to try to achieve a
chain reaction using large amounts of natural
uranium in a pile formation.

Dunning’s and Nier’s demonstration promised
nuclear power but not necessarily a bomb. It
was already known that a bomb would require
fission by fast neutrons; a chain reaction using
slow neutrons might not proceed very far before
the metal would blow itself apart, causing little,
if any, damage. Uranium-238 fissioned with fast
neutrons but could not sustain a chain reaction
because it required neutrons with higher energy.
The crucial question was whether uranium-235
could fission with fast neutrons in a chain-
reacting manner, but without enriched samples
of uranium-235, scientists could not perform the
necessary experiments.
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Early Government Support
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Schematic Diagram of Flow of Process Gas in Gaseous
Diffusion Cascade. Reprinted from Richard G. Hewlett
and Oscar E. Anderson, Jr., The New World, 1939-1946,
Volume | of A History of the United States Atomic Energy
Commission (University Park: Pennsylvania State
University Press, 1962).

The Uranium Committee

President Roosevelt responded to the call for
government support of uranium research quickly
but cautiously. He appointed Lyman J. Briggs,
director of the National Bureau of Standards, head
of the Advisory Committee on Uranium, which
met for the first time on October 21, 1939. The
committee, including both civilian and military
representation, was to coordinate its activities
with Sachs and look into the current state of
research on uranium to recommend an appropri-
ate role for the federal government. In early 1940
the Uranium Committee recommended that the
government fund limited research on isotope
separation as well as Fermi’s and Szilard’s work on
chain reactions at Columbia.

Isotope Separation

Scientists had concluded that enriched samples of
uranium-235 were necessary for further research
and that the isotope might serve as a fuel source
for an explosive device; thus, finding the most
effective method of isotope separation was a high
priority. Since uranium-235 and uranium-238
were chemically identical, they could not be sepa-
rated by chemical means. And with their masses
differing by less than one percent, separation by
physical means would be extremely difficult and
expensive. Nonetheless, scientists pressed forward
on several complicated techniques of physical
separation, all based on the small difference in
atomic weight between the uranium isotopes.

The Electromagnetic Method

The electromagnetic method, pioneered by Alfred
O.C. Nier of the University of Minnesota, used

a mass spectrometer, or spectrograph, to send a
stream of charged particles through a magnetic
field. Atoms of the lighter isotope would be
deflected more by the magnetic field than those
of the heavier isotope, resulting in two streams
that could then be collected in different receivers.
The electromagnetic method as it existed in
1940, however, would have taken far too long to



separate quantities sufficient to be useful in the
current war. In fact, twenty-seven thousand years
would have been required for a single spectrom-
eter to separate one gram of uranium-235.7

Gaseous Diffusion

Gaseous diffusion appeared more promising.
Based on the well-known principle that molecules
of a lighter isotope would pass through a porous
barrier more readily than molecules of a heavier
one, this approach proposed to produce by myriad
repetitions a gas increasingly rich in uranium-235
as the heavier uranium-238 was separated out in
a system of cascades. Theoretically, this process
could achieve high concentrations of uranium-
235 but, like the electromagnetic method, would
be extremely costly. British researchers led the
way on gaseous diffusion, with John R. Dunning
and his colleagues at Columbia University joining
the effort in late 1940.

Centrifuge

Many scientists initially thought the best hope for
isotope separation was the high-speed centrifuge,
a device based on the same principle as the
cream separator. Centrifugal force in a cylinder
spinning rapidly on its vertical axis would
separate a gaseous mixture of two isotopes since
the lighter isotope would be less affected by the
action and could be drawn off at the center and
top of the cylinder. A cascade system composed
of hundreds, perhaps thousands, of centrifuges
could produce a rich mixture. This method,
being pursued primarily by Jesse W. Beams at the
University of Virginia, received much of the early
isotope separation funding.19

Liquid Thermal Diffusion

The Uranium Committee briefly demonstrated
an interest in a fourth enrichment process during
1940, only to conclude that it would not be worth
pursuing. This process, liquid thermal diffusion,
was being investigated by Philip Abelson at the
Carnegie Institution. Into the space between

two concentric vertical pipes Abelson placed

Early Government Support

pressurized liquid uranium hexafluoride. With
the outer wall cooled by a circulating water jacket
and the inner heated by high-pressure steam, the
lighter isotope tended to concentrate near the hot
wall and the heavier near the cold. Convection
would in time carry the lighter isotope to the top
of the column. Taller columns would produce
more separation. Like other enrichment methods,
liquid thermal diffusion was at an early stage of
development.!!

Limited Government Funding: 1940

The Uranium Committee’s first report, issued on
November 1, 1939, recommended that, despite
the uncertainty of success, the government should
immediately obtain four tons of graphite and fifty
tons of uranium oxide. This recommendation led
to the first outlay of government funds—$6,000
in February 1940—and reflected the importance
attached to the Fermi-Szilard pile experiments
already underway at Columbia University.
Building upon the work performed in 1934
demonstrating the value of moderators in
producing slow neutrons, Fermi thought that

a mixture of the right moderator and natural
uranium could produce a self-sustaining

chain reaction. Fermi and Szilard increasingly
focused their attention on carbon in the form

of graphite. Perhaps graphite could slow down,
or moderate, the neutrons coming from the
fission reaction, increasing the probability of
their causing additional fissions in sustaining the
chain reaction. A pile containing a large amount
of natural uranium could then produce enough
secondary neutrons to keep a reaction going.

There was, however, a large theoretical gap
between building a self-generating pile and
building a bomb. Although the pile envisioned by
Fermi and Szilard could produce large amounts
of power and might have military applications
(powering naval vessels, for instance), it would
be too big for a bomb. It would take separation

of uranium-235 or substantial enrichment of
natural uranium with uranium-235 to create a
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fast-neutron reaction on a small enough scale to
build a usable bomb. While certain of the chances
of success in his graphite power pile, Fermi, in
1939, thought that there was “little likelihood

of an atomic bomb, little proof that we were not
pursuing a chimera”12

The National Defense Research Committee
Shortly after World War II began with the
German invasion of Poland on September 1,
1939, Vannevar Bush, president of the Carnegie
Foundation, became convinced of the need

for the government to marshall the forces of
science for a war that would inevitably involve
the United States. He sounded out other science
administrators in the nation’s capital and agreed
to act as point man in convincing the Roosevelt
administration to set up a national science
organization. Bush struck an alliance with
Roosevelt’s closest advisor, Harry Hopkins, and
after clearing his project with the armed forces

and science agencies, met with the President

and Hopkins. With the imminent fall of France
undoubtedly on Roosevelt’s mind, it took less than
ten minutes for Bush to obtain the President’s
approval and move into action.!3

Roosevelt approved in June 1940 the
establishment of a voice for the scientific
community within the executive branch. The
National Defense Research Committee, with Bush
at its head, reorganized the Uranium Committee
into a scientific body and eliminated military
membership. Not dependent on the military for
funds, as the Uranium Committee had been, the
National Defense Research Committee would
have more influence and more direct access to
money for nuclear research. In the interest of
security, Bush barred foreign-born scientists
from committee membership and blocked

the further publication of articles on uranium
research. Retaining programmatic responsibilities

First Mass Spectrograph Components in 37-Inch Cyclotron Tank. Reprinted from Richard G. Hewlett and Oscar E. Anderson, Jr.,
The New World, 1939-1946, Volume | of A History of the United States Atomic Energy Commission (University Park: Pennsylvania

State University Press, 1962).



for uranium research in the new organizational
setup (among the National Defense Research
Committee’s early priorities were studies on radar,
proximity fuzes, and anti-submarine warfare), the
Uranium Committee recommended that isotope
separation methods and the chain reaction work
continue to receive funding for the remainder of
1940. Bush approved the plan and allocated the
funds.

A Push From Lawrence

During 1939 and 1940, most of the work done

on isotope separation and the chain reaction

pile was performed in university laboratories by
academic scientists funded primarily by private
foundations. While the federal government began
supporting uranium research in 1940, the pace
appeared too leisurely to the scientific community
and failed to convince scientists that their work

Early Government Support

was of high priority. Certainly few were more
inclined to this view than Ernest O. Lawrence,
director of the Radiation Laboratory at the
University of California in Berkeley. Lawrence
was among those who thought that it was merely
a matter of time before the United States was
drawn into World War II, and he wanted the
government to mobilize its scientific forces as
rapidly as possible.

Specifically what Lawrence had on his mind in
early 1941 were experiments taking place in his
own laboratory using samples produced in the
cyclotron. Studies on uranium fission fragments
by Edwin M. McMillan and Philip H. Abelson
led to the chemical identification of element 93,
neptunium, while research by Glenn T. Seaborg
revealed that an isotope of neptunium decayed to
yet another transuranium (man-made) element. In

Ernest Lawrence, Arthur Compton, Vannevar Bush, James Conant, Karl Compton. and Alfred Loomis. Reprinted from Richard
G. Hewlett and Oscar E. Anderson, Jr., The New World, 1939-1946, Volume | of A History of the United States Atomic Energy
Commission (University Park: Pennsylvania State University Press, 1962).
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February, Seaborg identified this as element 94,
which he later named plutonium. By May he had
proven that plutonium-239 was 1.7 times as likely
as uranium-235 to fission. This finding made the
Fermi-Szilard experiment more important than
ever as it suggested the possibility of producing
large amounts of the fissionable plutonium in a
uranium pile using plentiful uranium-238 and
then separating it chemically. Surely this would be
less expensive and simpler than building isotope-
separation plants.

Lawrence, demonstrating his characteristic energy
and impatience, launched a campaign to speed

up uranjum research. He began by proposing to
convert his smaller cyclotron into a spectrograph
to produce uranium-235. Since both the cyclotron
and the spectrograph used a vacuum chamber
and electromagnet, this conversion would be
relatively uncomplicated. Lawrence then took his
case to Karl T. Compton and Alfred L. Loomis at
Harvard University, both doing radar work for
the National Defense Research Committee and
benefiting from Lawrence’s advice in staffing their
laboratories. Infected by Lawrence’s enthusiasm,
Compton forwarded Lawrence’s optimistic
assessment on uranium research to Bush, warning
that Germany was undoubtedly making progress
and that Briggs and the Uranium Committee were
moving too slowly. Compton also noted that the
British were ahead of their American colleagues,
even though, in his opinion, they were inferior in
both numbers and ability.

Program Review: Summer 1941

Bush and Lawrence met in New York City.
Though he continued to support the Uranium
Committee, Bush recognized that Lawrence’s
assessment was not far oft the mark. Bush
shrewdly decided to appoint Lawrence as an
advisor to Briggs—a move that quickly resulted
in funding for plutonium work at Berkeley and
for Nier’s mass spectrograph at Minnesota—and
also asked the National Academy of Sciences

10

to review the uranium research program.
Headed by Arthur Compton of the University of
Chicago and including Lawrence, this committee
submitted its unanimous report on May 17.
Comptons committee, however, failed to provide
the practical-minded Bush with the evidence he
needed that uranium research would pay off in
the event the United States went to war in the near
future. Compton’s group thought that increased
uranium funding could produce radioactive
material that could be dropped on an enemy

by 1943, a pile that could power naval vessels

in three or four years, and a bomb of enormous
power at an indeterminate point, but certainly
not before 1945. Compton’s report discussed
bomb production only in connection with slow
neutrons, a clear indication that much more
scientific work remained to be done before an
explosive device could be detonated.14

Bush reconstituted the National Academy of
Sciences committee and instructed it to assess the
recommendations contained in the first report
from an engineering standpoint. On July 11, the
second committee endorsed the first report and
supported continuation of isotope separation
work and pile research for scientific reasons,
though it admitted that it could promise no
immediate applications. The second report, like
the first, was a disappointing document from
Bush’s point of view.1>

The Office of Scientific Research

and Development

By the time Bush received the second National
Academy of Sciences report, he had assumed

the position of director of the Office of Scientific
Research and Development. Established by an
executive order on June 28, 1941—six days after
German troops invaded the Soviet Union—the
Office of Scientific Research and Development
strengthened the scientific presence in the federal
government. Bush, who had lobbied hard for the
new setup, now reported directly to the President



and could invoke the prestige of the White

House in his dealings with other federal agencies.
The National Defense Research Committee,

now headed by James B. Conant, president of
Harvard University, became an advisory body
responsible for making research and development
recommendations to the Office of Scientific
Research and Development. The Uranium
Committee became the Office of Scientific
Research and Development Section on Uranium
and was codenamed S-1 (Section One of the Office
of Scientific Research and Development).

Turning the Corner: The MAUD Report
Bush’s disappointment with the July 11 National
Academy of Sciences report did not last long. Sev-
eral days later he and Conant received a copy of a
draft report forwarded from the National Defense
Research Committee liaison office in London.
The report, prepared by a group codenamed the
MAUD Committee and set up by the British in
spring 1940 to study the possibility of developing
a nuclear weapon, maintained that a sufficiently
purified critical mass of uranium-235 could fis-
sion even with fast neutrons.!® Building upon
theoretical work on atomic bombs performed by
refugee physicists Rudolf Peierls and Otto Frisch
in 1940 and 1941, the MAUD report estimated
that a critical mass of ten kilograms would be
large enough to produce an enormous explosion.
A bomb this size could be loaded on existing air-
craft and be ready in approximately two years.1”

Americans had been in touch with the MAUD
Committee since fall 1940, but it was the July 1941
MAUD report that helped the American bomb
effort turn the corner. Here were specific plans for
producing a bomb, produced by a distinguished
group of scientists with high credibility in the
United States, not only with Bush and Conant but
with the President.!® The MAUD report dismissed
plutonium production, thermal diffusion, the
electromagnetic method, and the centrifuge and
called for gaseous diffusion of uranium-235 on a

Early Government Support

massive scale. The British believed that uranium
research could lead to the production of a bomb
in time to effect the outcome of the war. While
the MAUD report provided encouragement to
Americans advocating a more extensive uranium
research program, it also served as a sobering
reminder that fission had been discovered in Nazi
Germany almost three years earlier and that since
spring 1940 a large part of the Kaiser Wilhelm
Institute in Berlin had been set aside for uranium
research.

Bush and Conant immediately went to work.
After strengthening the Uranium Committee,
particularly with the addition of Fermi as head
of theoretical studies and Harold C. Urey as head
of isotope separation and heavy water research
(heavy water was highly regarded as a moderator),
Bush asked yet another reconstituted National
Academy of Sciences committee to evaluate the
uranium program. This time he gave Compton
specific instructions to address technical
questions of critical mass and destructive
capability, partially to verify the MAUD results.

Bush Reports to Roosevelt

Without waiting for Compton’s committee to
finish its work, Bush went to see the President.
On October 9 Bush met with Roosevelt and

Vice President Henry A. Wallace (briefed on
uranium research in July). Bush summarized the
British findings, discussed cost and duration of

a bomb project, and emphasized the uncertainty
of the situation. He also received the President’s
permission to explore construction needs with
the Army. Roosevelt instructed him to move as
quickly as possible but not to go beyond research
and development. Bush, then, was to find out if a
bomb could be built and at what cost but not to
proceed to the production stage without further
presidential authorization. Roosevelt indicated
that he could find a way to finance the project
and asked Bush to draft a letter so that the British
government could be approached “at the top.”1?
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Compton reported back on November 6, just one
month and a day before the Japanese attack on
Pear]l Harbor on December 7, 1941, brought the
United States into World War II (Germany and
Italy declared war on the United States three days
later). Compton’s committee concluded that a
critical mass of between two and 100 kilograms
of uranium-235 would produce a powerful
fission bomb and that for $50-100 million
isotope separation in sufficient quantities could
be accomplished. Although the Americans were
less optimistic than the British, they confirmed
the basic conclusions of the MAUD committee
and convinced Bush to forward their findings to
Roosevelt under a cover letter on November 27.
Roosevelt did not respond until January 19, 1942;
when he did, it was as commander in chief of a
nation at war. The President’s handwritten note
read, “V. B. OK—returned—I think you had best
keep this in your own safe FDR20

Moving Into Action

By the time Roosevelt responded, Bush had set
the wheels in motion. He put Eger V. Murphree,
a chemical engineer with the Standard Oil
Company, in charge of a group responsible for
overseeing engineering studies and supervising
pilot plant construction and any laboratory-scale
investigations. And he appointed Urey, Lawrence,
and Compton as program chiefs. Urey headed
up work including diffusion and centrifuge
methods and heavy-water studies. Lawrence took
electromagnetic and plutonium responsibilities,
and Compton ran chain reaction and weapon
theory programs. Bush’s responsibility was to
coordinate engineering and scientific efforts and
make final decisions on recommendations for
construction contracts. In accordance with the
instructions he received from Roosevelt, Bush
removed all uranium work from the National
Defense Research Committee. From this point
forward, broad policy decisions relating to
uranium were primarily the responsibility of the
Top Policy Group, composed of Bush, Conant,
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Vice President Wallace, Secretary of War Henry
L. Stimson, and Army Chief of Staff George C.
Marshall.2! A high-level conference convened by
Wallace on December 16 put the seal of approval
on these arrangements. Two days later the S-1
Committee gave Lawrence $400,000 to continue
his electromagnetic work.

With the United States now at war and with the
fear that the American bomb effort was behind
Nazi Germany’s, a sense of urgency permeated
the federal government’s science enterprise. Even
as Bush tried to fine-tune the organizational
apparatus, new scientific information poured in
from laboratories to be analyzed and incorporated
into planning for the upcoming design and
construction stage. By spring 1942, as American
naval forces slowed the Japanese advance in the
Pacific with an April victory in the battle of the
Coral Sea, the situation had changed from one of
too little money and no deadlines to one of a clear
goal, plenty of money, but too little time. The race
for the bomb was on.

Continuing Efforts on

Isotope Separation

During the first half of 1942, several routes to a
bomb were explored. At Columbia, Urey worked
on the gaseous diffusion and centrifuge systems
for isotope separation in the codenamed SAM
(Substitute or Special Alloy Metals) Laboratory. At
Berkeley, Lawrence continued his investigations
on electromagnetic separation using the

mass spectrograph he had converted from his
thirty-seven-inch cyclotron. Compton patched
together facilities at the University of Chicago’s
Metallurgical Laboratory for pile experiments
aimed at producing plutonium. Meanwhile
Murphree’s group hurriedly studied ways to
move from laboratory experiments to production
facilities.

Research on uranium required uranium ore, and
obtaining sufficient supplies was the responsibility



of Murphree and his group. Fortunately, enough
ore was on hand to meet the projected need of
150 tons through mid-1944. Twelve hundred
tons of high-grade ore were stored on Staten
Island, and Murphree made arrangements to
obtain additional supplies from Canada and the
Colorado Plateau, the only American source.
Uranium in the form of hexafluoride was also
needed as feed material for the centrifuge and
the gaseous and thermal diffusion processes.
Abelson, who had moved from the Carnegie
Institution to the Naval Research Laboratory, was
producing small quantities, and Murphree made
arrangements with E. I. du Pont de Nemours and
Company and the Harshaw Chemical Company
of Cleveland to produce hexafluoride on a scale
sufficient to keep the vital isotope separation
research going.

Lawrence was so successful in producing enriched
samples of uranium-235 electromagnetically with
his converted cyclotron that Bush sent a special
progress report to Roosevelt on March 9, 1942.
Bush told the President that Lawrence’s work
might lead to a short cut to the bomb, especially
in light of new calculations indicating that the
critical mass required might well be smaller than
previously predicted. Bush also emphasized that
the efficiency of the weapon would probably

be greater than earlier estimated and expressed
more confidence that it could be detonated
successfully. Bush thought that if matters were
expedited a bomb was possible in 1944. Two days
later the President responded: “I think the whole
thing should be pushed not only in regard to
development, but also with due regard to time.
This is very much of the essence.”?2

In the meantime, however, isotope separation
studies at Columbia quickly confronted serious
engineering difficulties. Not only were the
specifications for the centrifuge demanding, but,
depending upon rotor size, it was estimated that
it would require tens of thousands of centrifuges

Early Government Support

to produce enough uranium-235 to be of value.
Gaseous diffusion immediately ran into trouble as
well. Fabrication of an effective barrier to separate
the uranium isotopes seemed so difficult as to
relegate gaseous diffusion to a lower priority (the
barrier had to be a corrosion-resistant membrane
containing millions of submicroscopic holes per
square inch). Both separation methods demanded
the design and construction of new technologies
and required that parts, many of them never
before produced, be finished to tolerances not
previously imposed on American industry.

In Chicago, Compton decided to combine all pile
research by stages. Initially he funded Fermi’s pile
at Columbia and the theoretical work of Eugene
Wigner at Princeton and J. Robert Oppenheimer
at Berkeley. He appointed Szilard head of
materials acquisition and arranged for Seaborg

to move his plutonium work from Berkeley to
Chicago in April 1942. Compton secured space
wherever he could find it, including a racket court
under the west grandstand at Stagg Field, where
Samuel K. Allison began building a graphite and
uranium pile. Although it was recognized that
heavy water would provide a moderator superior
to graphite, the only available supply was a small
amount that the British had smuggled out of
France. In a decision typical of the new climate
of urgency, Compton decided to forge ahead
with graphite, a decision made easier by Fermi’s
increasingly satisfactory results at Columbia

and Allison’s even better results in Chicago. In
light of recent calculations that cast doubt on the
MAUD report’s negative assessment of plutonium
production, Compton hoped that Allison’s pile
would provide plutonium that could be used as
material for a weapon.

By May 1942, Bush decided that production
planning could wait no longer, and he instructed
Conant to meet with the S-1 section leaders and
make recommendations on all approaches to the
bomb, regardless of cost. Analyzing the status
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of the four processes then under consideration
for producing fissionable materials for a
bomb—the gaseous diffusion, centrifuge, and
electromagnetic uranium isotope separation
methods and the plutonium producing pile—the
committee decided on May 23 to recommend
that all four be pushed as fast as possible to the
pilot plant stage and to full production planning.
This decision reflected the inability of the
committee to distinguish a clear front-runner
and its consequent unwillingness to abandon any
method. With funds readily available and the
outcome of the war conceivably hanging in the
balance, the S-1leadership recommended that all
four methods proceed to the pilot plant stage and
to full production planning.

Enter the Army

The decision to proceed with production plan-
ning led directly to the involvement of the Army,
specifically the Corps of Engineers. Roosevelt had
approved Army involvement on October 9, 1941,
and Bush had arranged for Army participation at
S-1 meetings beginning in March 1942. The need
for security suggested placing the S-1 program
within one of the armed forces, and the construc-
tion expertise of the Corps of Engineers made it
the logical choice to build the production facilities
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envisioned in the Conant report of May 23.

By orchestrating some delicate negotiations
between the Office of Scientific Research

and Development and the Army, Bush was

able to transfer the responsibility for process
development, materials procurement, engineering
design, and site selection to the Corps of
Engineers and to earmark approximately sixty
percent of the proposed 1943 budget, or $54
million, for these functions. An Army officer
would be in overall command of the entire
project. This new arrangement left S-1, with a
budget of approximately $30 million, in charge

of only university research and pilot plant

studies. Additional reorganization created an

S-1 Executive Committee, composed of Conant,
Briggs, Compton, Lawrence, Murphree, and Urey.
This group would oversee all Office of Scientific
Research and Development work and keep abreast
of technical developments that might influence
engineering considerations or plant design.23
With this reorganization in place, the nature of
the American atomic bomb effort changed from
one dominated by research scientists to one in
which scientists played a supporting role in the
construction enterprise run by the United States
Army Corps of Engineers.



Part I11I:
The Manhattan Engineer District

Initial Problems

Summer 1942—during which the American
island-hopping campaign in the Pacific began at
Guadalcanal—proved to be a troublesome one
for the fledgling bomb project. Colonel James C.
Marshall received the assignment of directing

the Laboratory for the Development of Substitute
Metals, or DSM. Marshall immediately moved
from Syracuse to New York City, where he set up
the Manhattan Engineer District, established by
general order on August 13. Marshall, like most
other Army officers, knew nothing of nuclear
physics. Furthermore, Marshall and his Army
superiors were disposed to move cautiously. In
one case, for instance, Marshall delayed purchase
of an excellent production site in Tennessee pend-
ing further study, while the scientists who had
been involved in the project from the start were
pressing for immediate purchase. While Bush had
carefully managed the transition to Army control,
there was not yet a mechanism to arbitrate dis-
agreements between S-1 and the military. The re-
sulting lack of coordination complicated attempts
to gain a higher priority for scarce materials and
boded ill for the future of the entire bomb project.

Reorganization of the Manhattan
Engineer District:

Groves and the Military Policy Committee
Decisions made in September provided
administrative clarity and renewed the project’s
sense of urgency. Bush and the Army agreed that
an officer other than Marshall should be given
the assignment of overseeing the entire atomic
project, which by now was referred to as the
Manbhattan Project. On September 17, the Army

appointed Colonel Leslie R. Groves (promoted

to Brigadier General six days later) to head the
effort. Groves was an engineer with impressive
credentials, including building of the Pentagon,
and, most importantly, had strong administrative
abilities. Within two days Groves acted to

obtain the Tennessee site and secured a higher
priority rating for project materials. In addition,
Groves moved the Manhattan Engineer District
headquarters from New York to Washington.

He quickly recognized the talents of Marshall’s
deputy, Colonel Kenneth D. Nichols, and
arranged for Nichols to work as his chief aide and
troubleshooter throughout the war.

Bush, with the help and authority of Secretary

of War Henry L. Stimson, set up the Military
Policy Committee, including one representative
each from the Army, the Navy, and the Office of
Scientific Research and Development. Bush hoped

General Leslie R. Groves. Reprinted from Vincent C. Jones,
Manhattan: The Army and the Atomic Bomb (Washington,
D.C.: U.S. Government Printing Office, 1985).
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that scientists would have better access to decision
making in the new structure than they had en-
joyed when DSM and S-1 operated as parallel but
separate units. With Groves in overall command
(Marshall remained as District Engineer, where
his cautious nature proved useful in later decision
making) and the Military Policy Committee in
place (the Top Policy Group retained broad policy
authority), Bush felt that early organizational
deficiencies had been remedied.?4

During summer and fall 1942, technical and
administrative difficulties were still severe.
Each of the four processes for producing
fissionable material for a bomb remained under
consideration, but a full-scale commitment

to all four posed serious problems even with
the project’s high priority. When Groves took

J. Robert Oppenheimer. Reprinted by Permission of the
J. Robert Oppenheimer Memorial Committee.
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command in mid-September, he made it clear that
by late 1942 decisions would be made as to which
process or processes promised to produce a bomb
in the shortest amount of time. The exigencies

of war, Groves held, required scientists to move
from laboratory research to development and
production in record time. Though traditional
scientific caution might be short-circuited in the
process, there was no alternative if a bomb was to
be built in time to be used in the current conflict.
As everyone involved in the Manhattan Project
soon learned, Groves never lost sight of this goal
and made all his decisions accordingly.

Producing Fissionable Materials: Fall 1942
Groves made good on his timetable when he
scheduled a meeting of the Military Policy
Committee on November 12 and a meeting of the
S-1 Executive Committee on November 14. The
scientists at each of the institutions doing isotope
separation research knew these meetings would
determine the separation method to be used in
the bomb project; therefore, the keen competition
among the institutions added to the sense of
urgency created by the war. Berkeley remained

a hotbed of activity as Lawrence and his staft
pushed the electromagnetic method into the lead.
The S-1 Executive Committee even toyed with the
idea of placing all its money on Lawrence but was
dissuaded by Conant. Throughout the summer
and fall, Lawrence refined his new 184-inch
magnet and huge cyclotron to produce calutrons,
as the tanks were called in honor of the University
of California, capable of reliable beam resolution
and containing improved collectors for trapping
the enriched uranium-235. The S-1 Executive
Committee visited Berkeley on September 13 and
subsequently recommended building both a pilot
plant and a large section of a full-scale plant in
Tennessee.

The centrifuge being developed by Jesse Beams
at the University of Virginia was the big loser
in the November meetings. Westinghouse had



been unable to overcome problems with its
model centrifuge. Parts failed with discouraging
regularity due to severe vibrations during trial
runs; consequently, a pilot plant and subsequent
production stages appeared impractical in the
near future. Conant had already concluded that
the centrifuge was likely to be dropped when he
reported to Bush on October 26. The meetings of
November 12 and 14 confirmed his analysis.

Gaseous diffusion held some promise and
remained a live option, although the Dunning
group at Columbia had not yet produced any
uranium-235 by the November meetings. The
major problem continued to be the barrier; nickel
was the leading candidate for barrier material, but
there was serious doubt as to whether a reliable
nickel barrier could be ready in sufficient quantity
by the end of the war.

While the centrifuge was cancelled and gaseous
diffusion received mixed reviews, optimism
prevailed among the pile proponents at the
Metallurgical Laboratory in Chicago. Shortages
of uranium and graphite delayed construction

of the Stagg Field pile—CP-1 (Chicago Pile
Number One)—but this frustration was tempered
by calculations indicating that a completed pile
would produce a chain reaction. With Fermi’s
move to Chicago in April, all pile research

was now being conducted at the Metallurgical
Laboratory as Compton had planned, and Fermi
and his team anticipated a successful experiment
by the end of the year. Further optimism stemmed
from Seaborg’s inventive work with plutonium,
particularly his investigations on plutonium’s
oxidation states that seemed to provide a way to
separate plutonium from the irradiated uranium
to be produced in the pile. In August Seaborg’s
team produced a microscopic sample of pure
plutonium, a major chemical achievement and
one fully justifying further work on the pile.

The only cloud in the Chicago sky was the
scientists’ disappointment when they learned that

The Manhattan Engineer District

construction and operation of the production
facilities, now to be built near the Clinch River
in Tennessee at Site X, would be turned over to

a private firm. An experimental pile would be
built in the Argonne Forest Preserve just outside
Chicago, but the Metallurgical Laboratory
scientists would have to cede their claim to

pile technology to an organization experienced
enough to take the process into construction and
operation.

The Luminaries Report From Berkeley
While each of the four processes fought to
demonstrate its “workability” during summer
and fall 1942, equally important theoretical
studies were being conducted that greatly
influenced the decisions made in November.
Robert Oppenheimer headed the work of a
group of theoretical physicists he called the
luminaries, which included Felix Bloch, Hans
Bethe, Edward Teller, and Robert Serber, while
John H. Manley assisted him by coordinating
nationwide fission research and instrument and
measurement studies from the Metallurgical
Laboratory in Chicago. Despite inconsistent
experimental results, the consensus emerging
at Berkeley was that approximately twice as
much fissionable material would be required
for a bomb than had been estimated six months
earlier. This was disturbing, especially in light
of the military’s view that it would take more
than one bomb to win the war. The goal of
mass-producing fissionable material, which still
appeared questionable in late 1942, seemed even
more unrealistic given Oppenheimer’s estimates.
Oppenheimer did report, with some enthusiasm,
that fusion explosions using deuterium (heavy
hydrogen) might be possible. The possibility of
thermonuclear (fusion) bombs generated some
optimism since deuterium supplies, while not
abundant, were certainly larger and more easily
supplemented than were those of uranium and
plutonium. S-1 immediately authorized basic
research on other light elements.
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Input From DuPont

Final input for the November meetings of the
Military Policy Committee and the S-1 Executive
Committee came from DuPont. One of the

first things Groves did when he took over in
September was to begin courting DuPont, hoping
that the giant chemical firm would undertake
construction and operation of the plutonium
separation plant to be built in Tennessee. He
appealed to patriotism, informing the company
that the bomb project had high priority with the
President and maintaining that a successful effort
could affect the outcome of the war. DuPont
managers resisted but did not refuse the task, and
in the process they provided an objective appraisal
of the pile project. Noting that it was not even
known if the chain reaction would work, DuPont
stated that under the best of circumstances
plutonium could be mass-produced by 1945,

and it emphasized that it thought the chances

of this happening were low. This appraisal did
not discourage Groves, who was confident that
DuPont would take the assignment if offered.

Time for Decisions

The Military Policy Committee met on November
12, 1942, and its decisions were ratified by the

S-1 Executive Committee two days later. The
Military Policy Committee, acting on Groves’s
and Conant’s recommendations, cancelled the
centrifuge project. Gaseous diffusion, the pile,
and the electromagnetic method were to proceed
directly to full-scale, eliminating the pilot plant
stage. The S-1 Executive Committee approved
these recommendations and agreed that the
gaseous diffusion facility was of lower priority
than either the pile or the electromagnetic

plant but ahead of a second pile. The scientific
committee also asked DuPont to look into
methods for increasing American supplies of
heavy water in case it was needed to serve as a
moderator for one of the new piles.
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A Brief Scare

Anxious as he was to get moving, Groves

decided to make one final quality control check
before acting on the decisions of November

12 and 14. This decision seemed imperative

after a brief scare surrounding the pile project.
While Fermi’s calculations provided reasonable
assurance against such a possibility, the vision

of a chain reaction running wild in heavily-
populated Chicago arose when the S-1 Executive
Committee found that Compton was building the
experimental pile at Stagg Field, a decision he had
made without informing either the committee

or Groves. In addition, information from British
scientists raised serious questions about the
feasibility of deriving plutonium from the pile. It
took several days for Groves and a committee of
scientists including Lawrence and Oppenheimer
to satisfy themselves that the pile experiment
posed little danger, was justified by sound theory,
and would in all probability produce plutonium as
predicted.

One Last Look: The Lewis Committee
On November 18, Groves appointed Warren

K. Lewis of the Massachusetts Institute of
Technology to head a final review committee,
comprised of himself and three DuPont
representatives. During the next two weeks, the
committee traveled from New York to Chicago
to Berkeley and back again through Chicago.

It endorsed the work on gaseous diffusion at
Columbia, though it made some organizational
recommendations; in fact, the Lewis committee
elevated gaseous diffusion to first priority and
expressed reservations about the electromagnetic
program despite an impassioned presentation by
Lawrence in Berkeley. Upon returning to Chicago,
Crawford H. Greenewalt, a member of the Lewis
committee, was present at Stagg Field when, at
3:20 p.m. on December 2, 1942, Fermi’s massive
lattice pile of 400 tons of graphite, six tons of
uranium metal, and fifty tons of uranium oxide
achieved the first self-sustaining chain reaction,



operating initially at a power level of one-half
watt (increased to 200 watts ten days later).2>
As Compton reported to Conant, “the Italian
navigator has just landed in the new world.” To
Conant’s question, “Were the natives friendly?”
Compton answered, “Everyone landed safe and
happy.”2¢ Significant as this moment was in

the history of physics, it came after the Lewis
committee had endorsed moving to the pilot
stage and one day after Groves had instructed
DuPont to move into design and construction on
December 1.27

No Turning Back: Final Decisions and
Presidential Approval

The S-1 Executive Committee met to consider the
Lewis report on December 9, 1942, just weeks
after Allied troops landed in North Africa. Most
of the morning session was spent evaluating the
controversial recommendation that only a small
electromagnetic plant be built. Lewis and his
colleagues based their recommendation on the
belief that Lawrence could not produce enough
uranium-235 to be of military significance.

But since the calutron could provide enriched
samples quickly, the committee supported the
construction of a small electromagnetic plant.
Conant disagreed with the Lewis committee’s
assessment, believing that uranium had more
weapon potential than plutonium. And since he
knew that gaseous diffusion could not provide
any enriched uranium until the gaseous diffusion
plant was in full operation, he supported the
one method that might, if all went well, produce
enough uranium to build a bomb in 1944. During
the afternoon, the S-1 Executive Committee
went over a draft Groves had prepared for Bush
to send to the President. It supported the Lewis
committee’s report except that it recommended
skipping the pilot plant stage for the pile. After
Conant and the Lewis committee met on
December 10 and reached a compromise on

the electromagnetic method, Groves’s draft was
amended and forwarded to Bush.28

The Manhattan Engineer District

On December 28, 1942, President Roosevelt
approved the establishment of what ultimately
became a government investment in excess of
$2 billion, $.5 billion of which was itemized in
Bush’s report submitted on December 16. The
Manhattan Project was authorized to build full-
scale gaseous diffusion and plutonium plants
and the compromise electromagnetic plant, as
well as heavy water production facilities. In his
report, Bush reaffirmed his belief that bombs
possibly could be produced during the first half
of 1945 but cautioned that an earlier delivery
was unlikely. No schedule could guarantee that
the United States would overtake Germany in
the race for the bomb, but by the beginning of
1943 the Manhattan Project had the complete
support of President Roosevelt and the military
leadership, the services of some of the nation’s most
distinguished scientists, and a sense of urgency
driven by fear. Much had been achieved in the year
between Pear] Harbor and the end of 1942.

No single decision created the American atomic
bomb project. Roosevelt’s December 28 decision
was inevitable in light of numerous earlier ones
that, in incremental fashion, committed the
United States to pursuing atomic weapons. In fact,
the essential pieces were in place when Roosevelt
approved Bush’s November 9, 1941, report on
January 19, 1942. At that time, there was a science
organization at the highest level of the federal
government and a Top Policy Group with direct
access to the President. Funds were authorized,
and the participation of the Corps of Engineers
had been approved in principle. In addition, the
country was at war and its scientific leadership—
as well as its President—had the belief, born of
the MAUD report, that the project could result
in a significant contribution to the war effort.
Roosevelt’s approval of $500 million in late
December 1942 was a step that followed directly
from the commitments made in January of that
year and stemmed logically from the President’s
earliest tentative decisions in late 1939.
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PartIV:

The Manhattan Engineer
District in Operation

The Manhattan Project

In many ways the Manhattan Engineer District
operated like any other large construction
company. It purchased and prepared sites, let
contracts, hired personnel and subcontractors,
built and maintained housing and service
facilities, placed orders for materials, developed
administrative and accounting procedures, and
established communications networks. By the
end of the war Groves and his staff had spent
approximately $2.2 billion on production facilities
and towns built in the states of Tennessee,
Washington, and New Mexico, as well as on
research in university laboratories from Columbia
to Berkeley. What made the Manhattan Project
unlike other companies performing similar
functions was that, because of the necessity of
moving quickly, it invested hundreds of millions
of dollars in unproven and hitherto unknown
processes and did so entirely in secret. Speed and
secrecy were the watchwords of the Manhattan
Project.

Secrecy proved to be a blessing in disguise.
Although it dictated remote site locations,
required subterfuge in obtaining labor and
supplies, and served as a constant irritant to

the academic scientists on the project, it had
one overwhelming advantage: Secrecy made

it possible to make decisions with little regard
for normal peacetime political considerations.
Groves knew that as long as he had the backing
of the White House money would be available
and he could devote his considerable energies
entirely to running the bomb project. Secrecy in
the Manhattan Project was so complete that many
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people working for the organization did not know
what they were working on until they heard about
the bombing of Hiroshima on the radio. The need
for haste clarified priorities and shaped decision
making. Unfinished research on three separate,
unproven processes had to be used to freeze
design plans for production facilities, even though
it was recognized that later findings inevitably
would dictate changes. The pilot plant stage was
eliminated entirely, violating all manufacturing
practices and leading to intermittent shutdowns
and endless troubleshooting during trial runs

in production facilities. The inherent problems

of collapsing the stages between the laboratory
and full production created an emotionally
charged atmosphere with optimism and despair
alternating with confusing frequency.

Despite Bush’s assertion that a bomb could
probably be produced by 1945, he and the other
principals associated with the project recognized
the magnitude of the task before them. For any
large organization to take laboratory research
into design, construction, operation, and product
delivery in two-and-a-half years (from early

1943 to Hiroshima) would be a major industrial
achievement. Whether the Manhattan Project
would be able to produce bombs in time to affect
the current conflict was an open question as 1943
began. (Obvious though it seems in retrospect,

it must be remembered that no one at the time
knew that the war would end in 1945 or who the
remaining contestants would be if and when the
atomic bomb was ready for use.)

Clinton Engineer Works (Oak Ridge)

By the time President Roosevelt authorized

the Manhattan Project on December 28, 1942,
work on the east Tennessee site where the first
production facilities were to be built was already
underway. The final quarter of 1942 saw the
acquisition of the roughly ninety-square-mile
parcel (59,000 acres) in the ridges just west

of Knoxville, the removal of the relatively few
families on the marginal farmland, and extensive
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site preparation to provide the transportation,
communications, and utility needs of the town
and production plants that would occupy the
previously underdeveloped area. Original plans
called for the Clinton Engineer Works, as the
military reservation was named, to house approxi-
mately 13,000 people in prefabricated housing,
trailers, and wood dormitories. By the time the
Manhattan Engineer District headquarters were
moved from Washington to Tennessee in the
summer of 1943 (Groves kept the Manhattan
Project’s office in Washington and placed Nichols
in command in Tennessee), estimates for the
town of Oak Ridge had been revised upward to
40-45,000 people. (The name Oak Ridge did not
come into widespread usage until after World War

IT but will be used here to avoid confusion.) At
the end of the war, Oak Ridge was the fifth largest
town in Tennessee, and the Clinton Engineer
Works was consuming one-seventh of all the
power being produced in the nation.2? While the
Army and its contractors tried to keep up with the
rapid influx of workers and their families, services
always lagged behind demand, though morale
remained high in the atomic boomtown.

The three production facility sites were located
in valleys away from the town. This provided
security and containment in case of explosions.
The Y-12 area, home of the electromagnetic
plant, was closest to Oak Ridge, being but one
ridge away to the south. Farther to the south and

CLINTON ENGINEER WORKS
Tennessee
1943 - 1945
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west lay both the X-10 area, which contained

the experimental plutonium pile and separation
facilities, and K-25, site of the gaseous diffusion
plant and later the S-50 thermal diffusion plant.
Y-12 and X-10 were begun slightly earlier in 1943
than was K-25, but all three were well along by the
end of the year.

The Y-12 FElectromagnetic Plant:

Final Decisions

Although the Lewis report had placed gaseous
diffusion ahead of the electromagnetic approach,
many were still betting in early 1943 that
Lawrence and his mass spectrograph would

eventually predominate. Lawrence and his
laboratory of mechanics at Berkeley continued
to experiment with the giant 184-inch magnet,
trying to reach a consensus on which shims,
sources, and collectors to incorporate into Y-12
design for the Oak Ridge plant. Research on
magnet size and placement and beam resolution
eventually led to a racetrack configuration of
two magnets with forty-eight gaps containing
two vacuum tanks each per building, with ten
buildings being necessary to provide the 2,000
sources and collectors needed to separate 100
grams of uranium-235 daily. It was hoped that
improvements in calutron design, or placing

Y-12 Alpha Racetrack at Clinton. Spare vacuum tanks in Left Foreground. Reprinted from Richard G. Hewlett and Oscar E.
Anderson, Jr., The New World, 1939-1946, Volume | of A History of the United States Atomic Energy Commission (University
Park: Pennsylvania State University Press, 1962).
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multiple sources and collectors in each tank,
might increase efficiency and reduce the number
of tanks and buildings required, but experimental
results were inconclusive even as Stone & Webster
of Boston, the Y-12 contractor at Oak Ridge,
prepared to break ground.

At a meeting of Groves, Lawrence, and John

R. Lotz of Stone & Webster in Berkeley late in
December 1942, Y-12 plans took shape. It was
agreed that Stone & Webster would take over
design and construction of a 500-tank facility,
while Lawrence’s laboratory would play a
supporting role by supplying experimental data.

By the time another summit conference on Y-12
took place in Berkeley on January 13 and 14,
Groves had persuaded the Tennessee Eastman
Corporation to sign on as plant operator and
arranged for various parts of the electromagnetic
equipment to be manufactured by the Westing-
house Electric and Manufacturing Company, the
Allis-Chalmers Manufacturing Company, and
the Chapman Valve Manufacturing Company.
General Electric agreed to provide electrical
equipment.

On January 14, after a day of presentations and
a demonstration of the experimental tanks in

Y-12 Electromagnetic Plant Under Construction at Clinton. Reprinted from Richard G. Hewlett and Oscar E. Anderson,
Jr., The New World, 1939-1946, Volume | of A History of the United States Atomic Energy Commission (University Park:
Pennsylvania State University Press, 1962).
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the cyclotron building, Groves stunned the Y-12
contractors by insisting that the first racetrack

of ninety-six tanks be in operation by July 1 and
that 500 tanks be delivered by year’s end. Given
that each racetrack was 122 feet long, 77 feet wide
and 15 feet high; that the completed plant was

to be the size of three two-story buildings; that
tank design was still in flux; and that chemical
extraction facilities also would have to be built,
Groves’s demands were little less than shocking.
Nonetheless, Groves maintained that his schedule
could be met.30

For the next two months Lawrence, the
contractors, and the Army negotiated over the
final design. While all involved could see possible
improvements, there simply was not enough time
to incorporate every suggested modification.
Y-12 design was finalized at a March 17 meeting
in Boston, with one major modification—the
inclusion of a second stage of the electromagnetic
process. The purpose of this second stage was

to take the enriched uranium-235 derived

from several runs of the first stage and use it

as the sole feed material for a second stage of
racetracks containing tanks approximately half

Y-12 Beta Racetrack at Clinton. Reprinted from Richard G.
Hewlett and Oscar E. Anderson, Jr., The New World,
1939-1946, Volume | of A History of the United States
Atomic Energy Commission (University Park: Pennsylvania
State University Press, 1962).
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the size of those in the first. Groves approved this
arrangement and work began on both the Alpha
(first-stage) and Beta (second-stage) tracks.

Construction of Y-12

Groundbreaking for the Alpha plant took place
on February 18, 1943. Soon blueprints could

not be produced fast enough to keep up with
construction as Stone & Webster labored to meet
Groves’s deadline. The Beta facility was actually
begun before formal authorization. While
laborers were aggressively recruited, there was
always a shortage of workers skilled enough to
perform jobs according to the rigid specifications.
(A further complication was that some tasks
could be performed only by workers with special
clearances.) Huge amounts of material had to

be obtained (38 million board feet of lumber,

for instance), and the magnets needed so much
copper for windings that the Army had to borrow
almost 15,000 tons of silver bullion from the
United States Treasury to fabricate into strips
and wind on to coils as a substitute for copper.3!
Treasury silver was also used to manufacture the
busbars that ran around the top of the racetracks.

Replacing copper with silver solved the
immediate problem of the magnets and busbars,
but persistent shortages of electronic tubes, gener-
ators, regulators, and other equipment plagued
the electromagnetic project and posed the most
serious threat to Groves’s deadline. Furthermore,
last-minute design changes continued to frustrate
equipment manufacturers. Nonetheless, when
Lawrence toured with Y-12 contractors in May
1943, he was impressed by the scale of operations.
Lawrence returned to Berkeley rededicated to the
“awful job” of finishing the racetracks on time.32

Design Changes at Y-12

Lawrence and his colleagues continued to look
for ways to improve the electromagnetic process.
Lawrence found that hot (high positive voltage)
electrical sources could replace the single cold
(grounded) source in future plants, providing
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more efficient use of power, reducing insulator
failure, and making it possible to use multiple
rather than single beams.33 Meanwhile, receiver
design evolved quickly enough in spring and
summer 1943 to be incorporated into the Alpha
plant. Work at the Radiation Laboratory picked up
additional speed in March with the authorization
of the Beta process. With Alpha technology far
from perfected, Lawrence and his staft now had to
participate in planning for an unanticipated stage
of the electromagnetic process.

While the scientists in Berkeley studied changes
that would be required in the down-sized Beta
racetracks, engineering work at Oak Ridge
prescribed specific design modifications. For

a variety of reasons, including simplicity of
maintenance, Tennessee Eastman decided that the
Beta plant would consist of two tracks of thirty-
six tanks each in a rectangular, rather than oval,
arrangement. Factoring this configuration into
their calculations, Lawrence and his coworkers
bent their efforts to developing chemical
processing techniques that would minimize the
loss of enriched uranium during Beta production
runs. To make certain that Alpha had enough
feed material, Lawrence arranged for research

on an alternate method at Brown University and
expanded efforts at Berkeley. With what was left of
his time and money in early 1943 Lawrence built
prototypes of Alpha and Beta units for testing
and training operating personnel. Meanwhile
Tennessee Eastman, running behind schedule,
raced to complete experimental models so that
training and test runs could be performed at Oak
Ridge.

Warning From Los Alamos

But in the midst of encouraging progress in
construction and research on the electromagnetic
process in July came discouraging news from
Oppenheimer’s isolated laboratory in Los Alamos,
New Mexico, set up in spring 1943 to consolidate
work on atomic weapons. Oppenheimer warned
that three times more fissionable material would

be required for a bomb than earlier estimates had
indicated. Even with satisfactory performance

of the racetracks, it was possible that they might
not produce enough purified uranium-235

in time. Lawrence responded to this crisis in
characteristic fashion: He immediately lobbied
Groves to incorporate multiple sources into the
racetracks under construction and to build more
racetracks. Groves decided to build the first four
as planned but, after receiving favorable reports
from both Stone & Webster and Tennessee
Eastman, allowed a four-beam source in the

fifth. Convinced that the electromagnetic process
would work and sensing that estimates from Los
Alamos might be revised downward in the future,
Groves let Lawrence talk him into building a

new plant—the Y-12 Extension—doubling the
size of the electromagnetic complex. The Alpha
component of the Y-12 Extension was designated
as Alpha II and would consist of two buildings,
each with two rectangular racetracks of ninety-six
tanks operating with four-beam sources. Also
authorized was a second Beta building containing
two racetracks. Improvisation remained the key
work at Oak Ridge.

Shakedown at Y-12

During summer and fall 1943, the first electro-
magnetic plant began to take shape. The huge
building to house the operating equipment

was readied as manufacturers began delivering
everything from electrical switches to motors,
valves, and tanks. While construction and
outfitting proceeded, almost 5,000 operating and
maintenance personnel were hired and trained.
Then, between October and mid-December,
Y-12 paid the price for being a new technology
that had not been put through its paces in a pilot
plant. Vacuum tanks in the first Alpha racetrack
leaked and shimmied out of line due to magnetic
pressure, welds failed, electrical circuits malfunc-
tioned, and operators made frequent mistakes.
Most seriously, the magnet coils shorted out
because of rust and sediment in the cooling oil.
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Groves arrived on December 15 and shut the
racetrack down. The coils were sent to Allis-
Chalmers with hope that they could be cleaned
without being dismantled entirely, while measures
were taken to prevent recurrence of the shorting
problem. The second Alpha track now bore the
weight of the electromagnetic effort. In spite of
precautions aimed at correcting the electrical

and oil-related problems that had shut down

the first racetrack, the second Alpha fared little
better when it started up in mid-January 1944.
While all tanks operated at least for short periods,
performance was sporadic and maintenance
could not keep up with electrical failures and
defective parts. Like its predecessor, Alpha 2 was a
maintenance nightmare.

Alpha 2 produced about 200 grams of twelve-
percent uranium-235 by the end of February,
enough to send samples to Los Alamos and

feed the first Beta unit but not enough to satisfy
estimates of weapon requirements. The first

four Alpha tracks did not operate together until
April, a full four months late. While maintenance
improved, output was well under previous
expectations. The opening of the Beta building on
March 11 led to further disappointment. Beam
resolution was so unsatisfactory that complete
redesign was required. To make matters worse,
word spread that the K-25 gaseous diffusion
process was in deep trouble because of its ongoing
barrier crisis. K-25 had been counted upon to
provide uranium enriched enough to serve as
feed material for Beta. Now it would be producing
such slight enrichment that the Alpha tracks
would have to process K-25’s material, requiring
extensive redesign and retooling of tanks, doors,
and liners, particularly in units that would be
wired to run as hot, rather than as cold, electrical
sources.>*

Reworking the Racetracks
It became clear to Groves that he would have to
find a way for a combination of isotope separation

26

processes to produce enough fissionable material
for bombs. This meant making changes in

the racetracks so that they could process the
slightly enriched material produced by K-25. He
then concentrated on further expansion of the
electromagnetic facilities. Lawrence, seconded by
Oppenheimer, believed that four more racetracks
should be built to accompany the nine already
finished or under construction. Groves agreed
with this approach, though he was not sure that
the additional racetracks could be built in time.

As K-25 stock continued to drop and plutonium
prospects remained uncertain, Lawrence lobbied
yet again for further expansion of Y-12, arguing
that it provided the only possible avenue to

a bomb by 1945. His plan was to convert all

tanks to multiple beams and to build two more
racetracks. By this time even the British had given
up on gaseous diffusion and urged acceptance of
Lawrence’s plan.

Time was running out, and an element of
desperation crept into decisions made at a
meeting on July 4, 1944. Groves met with the
Oak Ridge contractors to consider proposals
Lawrence had prepared after assessing once
again the resources and abilities of the Radiation
Laboratory. There was to be no change in the
completed racetracks; there simply was not
enough time. Some improvements were to be
made in the racetracks then under construction.
In the most important decision made at the
meeting, Lawrence was to throw all he had into a
completely new type of calutron that would use
a thirty-beam source. Technical support would
come from both Westinghouse and General
Electric, which would cease work on four-beam
development. It was a gamble in a high-stakes
game, but sticking with the Alpha and Beta
racetracks might have been an even greater
gamble.
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K-25 Gaseous Diffusion Plant Under Construction at Clinton.
Reprinted from Richard G. Hewlett and Oscar E. Anderson, Jr.,
The New World, 1939-1946, Volume | of A History of the United

States Atomic Energy Commission (University Park:
Pennsylvania State University Press, 1962).

The K-25 Gaseous Diffusion Plant

Eleven miles southwest of Oak Ridge on the
Clinch River was the site of the K-25 gaseous
diffusion plant upon which so much hope had
rested when it was authorized in late 1942.
Championed by the British and placed first by the
Lewis committee, gaseous diffusion seemed to be
based on sound theory but had not yet produced
samples of enriched uranium-235.

At Oak Ridge, on a relatively flat area of about
5,000 acres, site preparation for the K-25 power-
plant began in June. Throughout the summer,
contractors contended with primitive roads as
they shipped in the materials needed to build
what became the world’s largest steam electric
plant. In September work began on the cascade
building, plans for which had changed dramati-

K-25 from Opposite End. White Building in Center of
Previous Picture Discernible at Far End. Reprinted from
Richard G. Hewlett and Oscar E. Anderson, Jr., The New
World, 1939-1946, Volume | of A History of the United States
Atomic Energy Commission (University Park: Pennsylvania
State University Press, 1962).

cally since the spring. Now there were to be fifty
four-story buildings (2,000,000 square feet) in

a U-shape measuring half a mile by 1,000 feet.
Innovative foundation techniques were required
to avoid setting thousands of concrete piers to
support load-bearing walls.

Since it was eleven miles from the headquarters at
Oak Ridge, the K-25 site developed into a satellite
town. Housing was supplied, as was a full array of
service facilities for the population that reached
15,000. Dubbed Happy Valley by the inhabitants,
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the town had housing similar to that in Oak
Ridge, but, like headquarters, it too experienced
chronic shortages. Even with a contractor camp
with facilities for 2,000 employees nearby, half of
Happy Valley’s workers had to commute to the
construction site daily.

Downgrading K-25

In late summer 1943, it was decided that K-25
would play a lesser role than originally intended.
Instead of producing fully enriched uranium-235,
the gaseous diffusion plant would now provide
around fifty percent enrichment for use as feed
material in Y-12. This would be accomplished by
eliminating the more troublesome upper part of
the cascade. Even this level of enrichment was
not assured since a barrier for the diffusion plant
still did not exist. The decision to downgrade
K-25 was part of the larger decision to double
Y-12 capacity and fit with Groves’s new strategy
of utilizing a combination of methods to produce
enough fissionable material for bombs as soon as
possible.

There was no doubt in Groves's mind that gaseous
diffusion still had to be pursued vigorously. Not
only had major resources already been expended
on the program, but there was also the possibility
that it might yet prove successful. Y-12 was in
trouble as 1944 began, and the plutonium pile
projects were just getting underway. A workable
barrier design might put K-25 ahead in the race
for the bomb. Unfortunately, no one had been able
to fabricate barrier of sufficient quality. The only
alternative remaining was to increase production
enough to compensate for the low percentage

of barrier that met specifications. As Lawrence
prepared to throw everything he had into a thirty-
beam source for Y-12, Groves ordered a crash
barrier program, hoping to prevent K-25 from
standing idle as the race for the bomb continued.
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Help From the Navy

As problems with both Y-12 and K-25 reached
crisis proportions in spring and summer 1944,
the Manhattan Project received help from an
unexpected source—the United States Navy.
President Roosevelt had instructed that the
atomic bomb effort be an Army program and that
the Navy be excluded from deliberations. Navy
research on atomic power, conducted primarily
for submarines, received no direct aid from
Groves, who, in fact, was not up-to-date on the
state of Navy efforts when he received a letter on
the subject from Oppenheimer late in April 1944.

Oppenheimer informed Groves that Philip
Abelson’s experiments on thermal diffusion at the
Philadelphia Naval Yard deserved a closer look.
Abelson was building a plant to produce enriched
uranium to be completed in early July. It might be
possible, Oppenheimer thought, to help Abelson
complete and expand his plant and use its slightly
enriched product as feed for Y-12 until problems
with K-25 could be resolved.

The liquid thermal diffusion process had been
evaluated in 1940 by the Uranium Committee,
when Abelson was at the National Bureau of
Standards. In 1941 he moved to the Naval
Research Laboratory, where there was more
support for his work. During summer 1942 Bush
and Conant received reports about Abelson’s
research but concluded that it would take too long
for the thermal diffusion process to make a major
contribution to the bomb effort, especially since
the electromagnetic and pile projects were making
satisfactory progress. After a visit with Abelson

in January 1943, Bush encouraged the Navy

to increase its support of thermal diffusion. A
thorough review of Abelson’s project early in 1943,
however, concluded that thermal diffusion work
should be expanded but should not be considered
as a replacement for gaseous diffusion, which was
better understood theoretically. Abelson continued
his work independently of the Manhattan Project.
He obtained authorization to build a new plant at
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the Philadelphia Naval Yard, where construction
began in January 1944.

Groves immediately saw the value of
Oppenheimer’s suggestion and sent a group to
Philadelphia to visit Abelson’s plant. A quick
analysis demonstrated that a thermal diffusion
plant could be built at Oak Ridge and placed in
operation by early 1945. The steam needed in the
convection columns was already at hand in the
form of the almost completed K-25 powerplant.
It would be a relatively simple matter to provide
steam to the thermal diffusion plant and produce
enriched uranium, while providing electricity
for the K-25 plant when it was finished. Groves
gave the contractor, H. K. Ferguson Company of
Cleveland, just ninety days from September 27
to bring a 2,142-column plant on line (Abelson’s
plant contained 100 columns). There was no time
to waste as Happy Valley braced itself for a new
influx of workers.

The Metallurgical Laboratory

One of the most important branches of the far-
flung Manhattan Project was the Metallurgical
Laboratory (Met Lab) in Chicago, which was
counted on to design a production pile for
plutonium. Here again the job was to design
equipment for a technology that was not well
understood even in the laboratory. The Fermi
pile, important as it was historically, provided
little technical guidance other than to suggest a
lattice arrangement of graphite and uranium. Any
pile producing more power than the few watts
generated in Fermi’s famous experiment would
require elaborate controls, radiation shielding,
and a cooling system. These engineering
features would all contribute to a reduction in
neutron multiplication (neutron multiplication
being represented by k); so it was imperative to
determine which pile design would be safe and
controllable and still have a k high enough to
sustain an ongoing reaction.3>

Pile Design

A group headed by Compton’s chief engineer,
Thomas V. Moore, began designing the
production pile in June 1942. Moore’s first goals
were to find the best methods of extracting
plutonium from the irradiated uranium and for
cooling the uranium. It quickly became clear that
a production pile would differ significantly in
design from Fermi’s experimental reactor, possibly
by extending uranium rods into and through

the graphite next to cooling tubes and building

a radiation and containment shield. Although
experimental reactors like Fermi’s did not generate
enough power to need cooling systems, piles built
to produce plutonium would operate at high power
levels and require coolants. The Met Lab group
considered the full range of gases and liquids in

a search to isolate the substances with the best
nuclear characteristics, with hydrogen and helium
standing out among the gases and water—even
with its marginal nuclear properties and tendency
to corrode uranium—as the best liquid.

During the summer, Moore and his group

began planning a helium-cooled pilot pile for

the Argonne Forest Preserve near Chicago,

built by Stone & Webster, and on September 25
they reported to Compton. The proposal was

for a 460-ton cube of graphite to be pierced by
376 vertical columns containing twenty-two
cartridges of uranium and graphite. Cooling
would be provided by circulating helium from
top to bottom through the pile. A wall of graphite
surrounding the reactor would provide radiation
containment, while a series of spherical segments
that gave the design the nickname Mae West
would make up the outer shell.

By the time Compton received Moore’s report,

he had two other pile designs to consider. One
was a water-cooled model developed by Eugene
Wigner and Gale Young, a former colleague of
Comptons. Wigner and Young proposed a twelve-
foot by twenty-five-foot cylinder of graphite with
pipes of uranium extending from a water tank
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above, through the cylinder, and into a second
water tank underneath. Coolant would circulate
continuously through the system, and corrosion
would be minimized by coating interior surfaces
or lining the uranium pipes.

A second alternative to Mae West was more
daring. Szilard thought that liquid metal would
be such an efficient coolant that, in combination
with an electromagnetic pump having no moving
parts (adapted from a design he and Einstein

had created), it would be possible to achieve high
power levels in a considerably smaller pile. Szilard
had trouble obtaining supplies for his experiment,
primarily because bismuth, the metal he preferred
as the coolant, was rare.

Groves Steps In

October 1942 found Groves in Chicago ready

to force a showdown on pile design. Szilard was
noisily complaining that decisions had to be
made so that design could move to procurement
and construction. Compton’s delay reflected
uncertainty of the superiority of the helium pile
and awareness that engineering studies could not
be definitive until the precise value of k had been
established. Some scientists at the Met Lab urged
that a full production pile be built immediately,
while others advocated a multi-step process,
perhaps beginning with an externally cooled
reactor proposed by Fermi. The situation was

tailor-made for a man with Groves’s temperament.

On October 5 Groves exhorted the Met Lab to
decide on pile design within a week. Even wrong
decisions were better than no decisions, Groves
claimed, and since time was more valuable

than money, more than one approach should

be pursued if no single design stood out. While
Groves did not mandate a specific decision, his
imposed deadline forced the Met Lab scientists to
reach a consensus.

Compton decided on compromise. Fermi would

study the fundamentals of pile operation on a
small experimental unit to be completed and in
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operation by the end of the year. Hopefully he
could determine the precise value of k and make
a significant advance in pile engineering possible.
An intermediate pile with external cooling would
be built at Argonne and operated until June 1,
1943, when it would be taken down for plutonium
extraction. The helium-cooled Mae West,
designed to produce 100 grams of plutonium a
day, would be built and operating by March 1944.
Studies on liquid-cooled reactors would continue,
including Szilard’s work on liquid metals.

Seaborg and Plutonium Chemistry

While the Met Lab labored to make headway on
pile design, Seaborg and his coworkers tried to
gain enough information about transuranium
chemistry to insure that plutonium produced
could be successfully extracted from the
irradiated uranium. Using lanthanum fluoride

as a carrier, Seaborg isolated a weighable sample
of plutonium in August 1942. At the same time,
Isadore Perlman and William J. Knox explored the
peroxide method of separation; John E. Willard
studied various materials to determine which

best adsorbed plutonium;3¢ Theodore T. Magel
and Daniel K. Koshland, Jr., researched solvent-
extraction processes; and Harrison S. Brown

and Orville E Hill performed experiments into
volatility reactions. Basic research on plutonium’s
chemistry continued as did work on radiation and
fission products.

Seaborg’s discovery and subsequent isolation

of plutonium were major events in the history

of chemistry, but, like Fermi’s achievement,

it remained to be seen whether they could be
translated into a production process useful to the
bomb effort. In fact, Seaborg’s challenge seemed
even more daunting, for while piles had to be
scaled up ten to twenty times, a separation plant
for plutonium would involve a scale-up of the

laboratory experiment on the order of a billion-
fold.
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Collaboration with DuPont’s Charles M. Cooper
and his staff on plutonium separation facilities
began even before Seaborg succeeded in isolating
a sample of plutonium. Seaborg was reluctant

to drop any of the approaches then under
consideration, and Cooper agreed. The two
decided to pursue all four methods of plutonium
separation but put first priority on the lanthanum
fluoride process Seaborg had already developed.
Cooper’s staff ran into problems with the
lanthanum fluoride method in late 1942, but by
then Seaborg had become interested in phosphate
carriers. Work led by Stanley G. Thompson found
that bismuth phosphate retained over ninety-eight
percent plutonium in a precipitate. With bismuth
phosphate as a backup for the lanthanum fluoride,
Cooper moved ahead on a semiworks near Stagg
Field.

DuPont Joins the Team

Compton’s original plans to build the experi-
mental pile and chemical separation plant on

the University of Chicago campus changed
during fall 1942. The S-1 Executive Committee
concurred that it would be safer to put Fermi’s
pile in Argonne and build the pilot plant and
separation facilities in Oak Ridge than to place
these experiments in a populous area. On October
3 DuPont agreed to design and build the chemical
separation plant. Groves tried to entice further
DuPont participation at Oak Ridge by having the
firm prepare an appraisal of the pile project and
by placing three DuPont staff members on the
Lewis committee. Because DuPont was sensitive
about its public image (the company was still
smarting from charges that it profiteered during
World War I), Groves ultimately obtained the
services of the giant chemical company for the
sum of one dollar over actual costs. In addition,
DuPont vowed to stay out of the bomb business
after the war and offered all patents to the United
States government.

Groves had done well in convincing DuPont to
join the Manhattan Project. DuPont’s proven

administrative structure assured excellent
coordination (Crawford Greenewalt was given
the responsibility of coordinating DuPont and
Met Lab planning), and Groves and Compton
welcomed the company’s demand that it be

put in full charge of the Oak Ridge plutonium
project. DuPont had a strong organization and
had studied every aspect of the Met Lab’s program
thoroughly before accepting the assignment.
While deeply involved in the overall war effort,
DuPont expected to be able to divert personnel
and other resources from explosives work in time
to throw its full weight into the Oak Ridge project.

Moving the pilot plutonium plant to Oak Ridge
left too little room for the full-scale production
plant at the X-10 site and also left too little
generating power for yet another major facility.
Furthermore, the site was uncomfortably close to
Knoxville should a catastrophe occur. Thus the
search for an alternate location for the full-scale
plutonium facility began soon after DuPont
joined the production team. Compton’s scientists
needed an area of approximately 225 square
miles. Three or four piles and one or two chemical
separation complexes would be at least a mile
apart for security purposes, while nothing would
be allowed within four miles of the separation
complexes for fear of radioactive accidents.
Towns, highways, rail lines, and laboratories
would be several miles further away.

Hanford

December 16, 1942, found Colonel Franklin

T. Matthias of Groves’ staff and two DuPont
engineers headed for the Pacific Northwest

and southern California to investigate possible
production sites. Of the possible sites available,
none had a better combination of isolation, long
construction season, and abundant water for
hydroelectric power than those found along the
Columbia and Colorado Rivers. After viewing six
locations in Washington, Oregon, and California,
the group agreed that the area around Hanford,
Washington, best met the criteria established by
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the Met Lab scientists and DuPont engineers.
The Grand Coulee and Bonneville Dams offered
substantial hydroelectric power, while the flat but
rocky terrain would provide excellent support

for the huge plutonium production buildings.
The ample site of nearly one-half million acres
was far enough inland to meet security require-
ments, while existing transportation facilities
could quickly be improved and labor was readily
available. Pleased with the committee’s unanimous
report, Groves accepted its recommendation

and authorized the establishment of the Hanford
Engineer Works, codenamed Site W.

Now that DuPont would be building the
plutonium production complex in the Northwest,
Compton saw no reason for any pile facilities

in Oak Ridge and proposed to conduct Met

Lab research in either Chicago or Argonne.
DuPont, on the other hand, continued to support
a semiworks at Oak Ridge and asked the Met

Lab scientists to operate it. Compton demurred
on the grounds that he did not have sufficient
technical staff, but he was also reluctant because
his scientists complained that their laboratory
was becoming little more than a subsidiary of
DuPont. In the end, Compton knew the Met Lab
would have to support DuPont, which simply
did not have sufficient expertise to operate the
semiworks on its own. The University of Chicago
administration supported Compton’s decision in
early March.

Pile Design: Changing Priorities

The fall 1942 planning sessions at the Met Lab
led to the decision to build a second Fermi pile at
Argonne as soon as his experiments on the first
were completed and to proceed on design of the
Mae West helium-cooled unit. When DuPont
engineers assessed the Met Lab’s plans in the late
fall, they agreed that helium should be given first
priority. They placed heavy water second and
urged an all-out effort to produce more of this
highly effective moderator. Bismuth and water

were ranked third and fourth in DuPont’s analysis.
Priorities changed when Fermi’s calculations
demonstrated a higher value for k than anyone
had anticipated. Met Lab scientists concluded
that a water-cooled pile was now feasible, while
DuPont remained interested inhelium.” Since

a helium-cooled unit shared important design
characteristics with an air-cooled one, Greenewalt
thought that an air-cooled semiworks at Oak
Ridge would contribute significantly to designing
the full-scale facilities at Hanford.

DuPont established the general specifications for
the air-cooled semiworks and chemical separation
facilities in early 1943. A massive graphite block,
protected by several feet of concrete, would
contain hundreds of horizontal channels filled
with uranium slugs surrounded by cooling air.
New slugs would be pushed into the channels on
the face of the pile, forcing irradiated ones at the
rear to fall into an underwater bucket. The buckets
of irradiated slugs would undergo radioactive
decay for several weeks, then be moved by
underground canal into the chemical separation
facility where the plutonium would be extracted
with remote control equipment.

Met Lab activities focused on designing a water-
cooled pile for the full-scale plutonium plant.
Taking their cue from the DuPont engineers, who
utilized a horizontal design for the air-cooled
semiworks, Met Lab scientists abandoned the
vertical arrangement with water tanks, which had
posed serious engineering difficulties. Instead,
they proposed to place uranium slugs sealed

in aluminum cans inside aluminum tubes. The
tubes, laid horizontally through a graphite block,
would cool the pile with water injected into each
tube. The pile, containing 200 tons of uranium
and 1,200 tons of graphite, would need 75,000
gallons of water per minute for cooling.
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Decision on Pile Design

Greenewalt’s initial response to the water-cooled
design was guarded. He worried about pressure
problems that might lead to boiling water in
individual tubes, corrosion of slugs and tubes, and
the one-percent margin of safety for k. But he was
even more worried about the proposed helium-
cooled model. He feared that the compressors
would not be ready in time for Hanford, that the
shell could not be made vacuum-tight, and that
the pile would be extremely difficult to operate.
DuPont engineers conceded that Greenewalt’s
fears were well-grounded. Late in February,
Greenewalt reluctantly concluded that the Met

Lab’s model, while it had its problems, was
superior to DuPonts own helium-cooled design
and decided to adopt the water-cooled approach.

The Met Lab’s victory in the pile design
competition came as its status within the
Manhattan Project was changing. Still an exciting
place intellectually, the Met Lab occupied a

less central place in the bomb project as Oak
Ridge and Hanford rose to prominence. Fermi
continued to work on the Stagg Field pile (CP-

1), hoping to determine the exact value of k.
Subsequent experiments at the Argonne site using
CP-2, built with material from CP-1, focused on
neutron capture probabilities, control systems,
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Workers Loading Uranium Slug Into Face of Air-Cooled Pile.

Reprinted from Richard G. Hewlett and Oscar E. Anderson,
Jr., The New World, 1939-1946, Volume | of A History of the
United States Atomic Energy Commission (University Park:
Pennsylvania State University Press, 1962).

and instrument reliability. Once the production
facilities at Oak Ridge and Hanford were
underway, however, Met Lab research became
increasingly unimportant in the race for the
bomb and the scientists found themselves serving
primarily as consultants for DuPont.

Decision on Chemical Extraction

While the Met Lab physicists chafed under
DuPont domination, a smoother and quieter
relationship existed between the chemists and
DuPont. Seaborg and Cooper continued to work
well together, and enough progress was made in
the semiworks for the lanthanum fluoride process
in late 1942 that DuPont moved into the plant
design stage and converted the semiworks for the
bismuth phosphate method. DuPont pressed for
a decision on plutonium extraction methods in

late May. Greenewalt chose bismuth phosphate,
though even Seaborg admitted he could find little
to distinguish between the two. Greenewalt based
his decision on the corrosiveness of lanthanum
fluoride and on Seaborg’s guarantee that he could
extract at least fifty percent of the plutonium
using bismuth phosphate. DuPont began
constructing the chemical separation pilot plant at
Oak Ridge, while Seaborg continued refining the
bismuth phosphate method.

It was now Cooper’s job to design the pile as well
as the plutonium extraction facilities at Clinton,
both complicated engineering tasks made

even more difficult by high levels of radiation
produced by the process. Not only did Cooper
have to oversee the design and fabrication of
parts for yet another new Manhattan Project
technology, he had to do so with an eye toward
planning the Hanford facility. Safety was a major
consideration because of the hazards of working
with plutonium, which was highly radioactive.
Uranium, a much less active element than
plutonium, posed far fewer safety problems.

In July 1942, Compton set up a health division at
the Met Lab and put Robert S. Stone in charge.
Stone established emission standards and
conducted experiments on radiation hazards,
providing valuable planning information for the
Oak Ridge and Hanford facilities.

Construction at Oak Ridge

DuPont broke ground for the X-10 complex at
Oak Ridge in February 1943. The site would
include an air-cooled experimental pile, a pilot
chemical separation plant, and support fa