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What secret pledge about the future of atomic energy did Roosevelt
make to Churchill at Hyde Park in 1944?

How early did American leaders start thinking about international control?

What did President Roosevelt really know about the bomb when he
went to Yalta?

How have the scientists influenced legislation?

Why was control over atomic energy transferred from the Army to
a civilian Atomic Energy Commission?

These and many other important questions are clearly answered in
“The New World, 1939/1946.”

“One of the most important books of the decade.”
James P. Baxter, 3rd, Pulitzer Prize historian
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The discovery of atomic energy ranks with
the discovery of America in importance.
It is a big, fundamental discovery that is
sharply changing the direction of history.
This book is the first to tell the whole story.

Its authors are the only ones who have had
unrestricted access to all the records, includ-
ing classified material.

Their pages convey the high excitement of
the scientists who discovered, step by step,
the nature of atomic fission; of their efforts
to convince the government of its possibili-
ties; of the agonizing race to produce a bomb
before Nazi Germany produced one; of the
delays, the frustrations, the misgivings, the
false starts, the breakdowns, the calcula-
tions, the checking and rechecking, the all-
night conferences, the letters, the phone
calls, the trips, and the work, the work, the
work — and the gradual emergence of sure
knowledge, clear policies, workable proce-
dure, and triumphant achievement.

This book takes us into the laboratories, the
conference rooms, the factories, and the
proving grounds. We see the gradual evolu-
tion of the idea, from the first glimmerings in
laboratories scattered over half the western
world to the devastatingly practical applica-
tion. We see the bomb being built. We
watch the tests. We sit in on the discussions
in the White House, the Pentagon, and the
United Nations. We gain a new understand-
ing of the problems of control, and of the
ways in which the tremendous power of the
atom is making a new world.

Jacket design by Maxine Schein

The Authors

Both Richard G. Hewlett and Oscar E.
Anderson, Jr., are writers of a rare new kind:
trained historians with a knowledge of mod-
ern science and technology. Dr. Hewlett,
who received a Ph.D. in history from the
University of Chicago in 1952, has been on
the staff of the Atomic Energy Commission
ever since. Dr. Anderson, who received a
Ph.D. in history at Harvard in 1948, is the
author of two previous books dealing with
technological history.

The Materials

The authors have made free and full use of
the files of the Atomic Energy Commission
and its field installations, the wartime files
of the Army, the Office of Scientific Research
and Development, the State Department,
the Bureau of the Budget, the Senate Special
Committee on Atomic Energy, and many
private manuscript collections. They have
also interviewed key people at all levels.

The Advisory Committee

The authors have had the continuous advice
of a committee of outstanding scientists, his-
torians, and public administrators who have
special competence in various aspects of the
subject: James P. Baxter, president of Wil-
liams College and Pulitzer Prize winner in
history; John M. Blum, professor of history,
Yale; James L. Cate, professor of history,
University of Chicago; Arthur H. Compton,
Nobel Prize physicist, Washington Univer-
sity, St. Louis; Francis T. Miles, senior
research chemist, Brookhaven National Lab-
oratory; and Don K. Price, dean, Graduate
School of Public Administration, Harvard.
During most of the period of writing,
Glenn T. Seaborg, Nobel Prize chemist, Uni-
versity of California, Berkeley, now chair-
man of the Atomic Energy Commission, was
a member of the advisory committee.
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FOREWORD BY THE CHAIRMAN,
HISTORICAL ADVISORY COMMITTEE

The Historical Advisory Committee of the Atomic Energy Commission hails
the completion of the first volume of the History with enthusiasm. We con-
gratulate both the authors on the fairness and clarity of their presentation
and the Commissioners on their decision to publish an unclassified history
and on their wisdom in leaving the authors a free hand subject only to the
limitations imposed by national security. All of the members of the Advisory
Committee are happy to testify to the scholarly world and to the general pub-
lic that this book is a major, impartial and objective contribution to Ameri-
can history.

No other development in our lifetime has been fraught with such con-
sequences for good or evil as has atomic fission. None has raised such chal-
lenging questions for the historian, the economist, the armed forces, the
scientists and the engineers. The wartime scientific developments produced
significant new techniques in public administration which came to be more
widely used after the war, such as the enlistment of university and private
contractors to perform new types of government activities. The fresh light this
volume throws on the early history of these new techniques may prove helpful
in clarifying current problems of conflict of interest in the “military-industrial
complex.”

Unlike the history of the proximity fuze the development of atomic
weapons was an international achievement to which great contributions were
made by European as well as American scientists and engineers. All were
spurred by the agonizing fear that the Nazis were well ahead of the free world
in the development of atomic weapons.

Among the wealth of new materials brought to light by Dr. Hewlett
and Dr. Anderson, many of the most interesting papers came from a sealed
safe containing the correspondence of Vannevar Bush and James B. Conant
from 1940 to 1945. The ideas of these two scientific leaders became a part of

ix
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the Interim Committee plan and of the Stimson proposals presented in Sep-
tember, 1945. They thus underlay the Acheson-Lilienthal plan. The materials
from the sealed safe make possible for the first time a satisfactory account of
the intricate wartime negotiations with Great Britain and Canada on atomic
energy.

The authors have presented a clear account of the possible routes to
the bomb, of the obstacles blocking each path, and of the tensions built up
during the quest for solutions. Both the scientist and the lay reader will find
this not only the fullest and best documented but the most balanced narrative
of the greatest research enterprise of the Second World War.

James P. Baxter, 3rd

UNITED STATES ATOMIC ENERGY COMMISSION
HISTORICAL ADVISORY COMMITTEE

CHAIRMAN

JAMES P. BAXTER, 3RD
Williams College

JOHN M. BLUM FRANCIS T. MILES
Yale University Brookhaven National Laboratory
JAMES L. CATE DON K. PRICE, JR.
University of Chicago Harvard University
ARTHUR H. COMPTON GLENN T. SEABORG *
W ashington University University of California, Berkeley

* Resigned February 20, 1961, to become Chairman of the Atomic Energy Commission.



PREFACE

The first public announcement that the United States had entered the atomic
age followed the blinding flash over Hiroshima, Japan, on August 6, 1945.
Until that moment only a few score of Americans had seen the major out-
lines of the wartime project which produced the bomb. Six days later, the
Government released Henry D. Smyth’s report, A General Account of the
Development of Methods of Using Atomic Energy for Military Purposes Under
the Auspices of the United States Government, 1940-1945. Dr. Smyth chron-
icled the administrative and the technical history of the secret enterprise. Al-
though the report was devoted primarily to “all the pertinent scientific infor-
mation which can be released to the public at this time without violating the
needs of national security,” Dr. Smyth saw fit to close with a broad, forward
look at “The Questions Before the People.” Some of his statements have
grown more pertinent with the passing years:

. . . Here is a new tool for mankind, a tool of unimaginable destruc-
tive power. Its development raises many questions that must be an-
swered in the near future. . . . These questions are not technical ques-
tions; they are political and social questions, and the answer given to
them may affect all mankind for generations. . . . In a free country
like ours, such questions should be debated by the people and deci-
sions must be made by the people through their representatives. This
is one reason for the release of this report.

Despite Smyth’s call for public discussion, the real issues posed by the
exploitation of atomic energy failed to reach the American people during the
succeeding decade. The fault lay partly in the continuing need for security
restrictions, partly in the layman’s disinclination to acquire the rudimentary
technical knowledge necessary to understand the impact of this new force in
his life. Politicians left technical details to the scientists; social scientists re-
acted with resignation or disdain to this newest manifestation of the scientific
revolution in the twentieth century. The relatively few persons who were
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privileged to work behind the security barrier imposed by the Atomic Energy
Act of 1946 found themselves ever more isolated in a world their fellow citi-
zens had never seen.

Within the decade there were signs of a change. A new atomic energy
law in 1954 liberalized security restrictions in the interests of international
co-operation and civilian uses of atomic energy. The widening gulf between
the physical and the social sciences caused growing concern. During 1957,
the Atomic Energy Commission’s tenth anniversary, one of the Commission-
ers remarked that he and his colleagues were making some of the most mo-
mentous decisions in American history without the benefit of an historian to
record the events. The discussion resulted in a decision to employ two pro-
fessional historians, give them complete access to the files, and permit them
to write—with no restrictions other than those imposed by national security
—the story as they saw it. The Commission also established an Historical
Advisory Committee of distinguished, independent scholars in a variety of
disciplines to give advice on policy matters and to review the work of the his-
torians. Since most of the documentary evidence would not be available to the
public for many years, the committee agreed to examine the sources and
thereby provide a partial but effective substitute for independent scholarly
criticism.

As the authors of the first volume in this series, we have tried to follow
the lead of Dr. Smyth’s closing sentences. From the outset it has been our in-
tention to explain the effect of technological developments on policy decisions
at the national and international level. Our uncomfortable proximity to the
people and events we are describing has not deterred us from seeking the
lofty perspective of the historian; on the contrary, it seems to make that ap-
proach especially important. The following pages are more often narrative
than analytical, more often chronological than topical. The perspective is the
highest appropriate level in the federal government. Whatever the subject,
whatever the essential significance of the event, whether and how we relate
that event depends on its relevance to the central perspective. We think this
criterion makes for good history. Indeed, the complex interrelationships of
modern science, industry, and government make it impossible to take any
other approach if history is to be kept within reasonable bounds.

Yet the approach has the disadvantage of leaving voids in areas some
readers would expect to be filled. From our chosen point of view we cannot
write a comprehensive history of any single organization, project, discipline,
or period. We cannot mention every important participant or even contend
that those included are intrinsically more significant than those omitted. In
many instances, we have been forced to depend on representative accounts.
The greater technical detail on the electromagnetic separation process in
Chapters 4 and 5 reflects the relaxation of security restrictions and our effort
to use this project as an example of wartime research and development. Like-
wise, the description of contracting procedures and contractor relationships
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in Chapter 6 is but a small sampling of an incredibly voluminous record. Not
that more exhaustive treatment would be unprofitable for some purposes. We,
as historians, can but stake out the areas in which others with specialized in-
terests may find rich ore.

Our approach has also required us to devote most of this volume to
the Commission’s inheritance rather than to the activities of the Commission
itself. Without that inheritance, the Commission’s history has no meaning.
For this reason we have emphasized the development of key production proc-
esses, the construction of physical plant, the advent of nuclear weapons, the
origins of the Atomic Energy Act of 1946, and the first steps toward interna-
tional control. Important in its own right, this inheritance will serve as the
foundation for subsequent volumes in this series.

We wish to emphasize (and it is a credit to the Commission that we
can do so) that this volume represents a completely independent, unre-
stricted history within the limits of national security. In no instance have we
been denied access to any records, facilities, or individuals sought in our re-
search. The Commission and its operating staff have made no effort to estab-
lish the direction, emphasis, content, or conclusions of this volume. Even in
the few areas where security restrictions apply, the effect has been only to
eliminate detail; we have never consciously distorted the facts to accommo-
date security. In short, the Commission has authorized the preparation of this
volume, but we must bear responsibility for its content. This book, like all his-
torical works, should stand on its own merits and be judged in the light of
subsequent research as the work of the authors alone.

In a work of this scope, we find it impossible to acknowledge our in-
debtedness to all those who have contributed to this volume. We must, how-
ever, mention those whose help more than warrants public recognition. First,
we wish to express our deepest appreciation to the members of the Historical
Advisory Committee, whose names appear elsewhere in this volume. From the
initial proposals through the preliminary outlines, research, drafting, and re-
drafting, the committee proved a constant source of guidance and encourage-
ment. The members not only fulfilled their responsibilities as scholars, but
they also proved wise and patient friends. The opportunity to work with them
over the past four years has been one of the joys of our task.

Within the AEC, we owe thanks to the various Commissioners who
demonstrated their confidence in us by endorsing this project, and particu-
larly the three men who have served as Chairman during these years: Lewis L.
Strauss, John A. McCone, and Glenn T. Seaborg. Clearly indispensable was
the direction and support provided by Woodford B. McCool, the Secretary to
the Commission, who was among the first to see the need for this history, who
helped to establish the project, and who resisted magnificently the temptation
plaguing every administrator to divert historians from their primary task to
the exigencies of daily deadlines and routine reports.

Literally scores of Commission employees, both in headquarters and

xiii
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the field offices, had a part in preparing this volume. Greatest thanks must go
to our research assistants, Alyce M. Birch and Mary Lee McIntyre, whose in-
dustry, loyalty, and forebearance are reflected on every page of this book.
Both Francis Duncan, who read the manuscript and helped to prepare the in-
dex, and Helen Anderson, who executed the drawings, performed services far
beyond those required in their regular duties. Among the headquarters li-
brary and records staff, we wish to thank Elizabeth M. Cole, John L. Cook,
Robert E. Devine, E. Jane Dossett, Velma E. Early, John E. Hans, Wil-
liam R. Johnson, Madeleine W. Losee, James D. Nuse, Jean M. O’Leary,
Lillie B. Turner, Severina Tuttle, and Sara K. White. Murray L. Nash and
Charles F. Knesel provided valuable guidance on classification problems;
Clarence H. Little and his staff reproduced thousands of pages of manuscript,
usually on short notice. Edward J. Brunenkant, J. William Young, and
James D. Cape spent long hours on publication matters. Elton P. Lord pro-
vided many of the photographs.

Our research in the field was greatly facilitated by the following AEC
managers: Samuel R. Sapirie at Oak Ridge; James E. Travis at Hanford;
Harold A. Fidler at San Francisco; Joseph C. Clarke at New York; and
Paul A. Wilson at Los Alamos. At Oak Ridge, Charles Vanden Bulck made
arrangements to meet our many needs, James R. Langley helped us at the
records center, and James E. Westcott searched his photographic files. At
Hanford, Milton R. Cydell sought out many elusive facts; Ralph V. Button
found many valuable documents in the records center. Among AEC contrac-
tor officials, we wish to thank Clark E. Center of the Union Carbide Nuclear
Company, Oak Ridge; William E. Johnson of the General Electric Company,
Hanford; Edwin M. McMillan of the Lawrence Radiation Laboratory, Berke-
ley; Norris E. Bradbury of the Los Alamos Scientific Laboratory; and Nor-
man Hilberry of the Argonne National Laboratory. At Berkeley, Eleanor Da-
visson found many significant documents and Donald Cooksey permitted us
to select photographs from his excellent collection. At Argonne, Hoylande D.
Young and her staff searched dozens of laboratory files for documents of un-
usual interest.

Without the help of many other Government agencies and institutions,
it would have been impossible to write this book. Special appreciation is due
Sherrod E. East, Edward J. Reese, and Harold Hufford of the National Ar-
chives; E. Taylor Parks of the Department of State; Rudolph A. Winnacker
of the Department of Defense; Herman Kahn of the Roosevelt Library;
Philip C. Brooks of the Truman Library; Nathan R. Reingold of the Library
of Congress; and Arnold A. Shadrick of the Army Map Service.

Many individuals graciously permitted us to use their private record
collections: Herbert L. Anderson, Bernard M. Baruch, James F. Byrnes,
John R. Dunning, Byron S. Miller, John A. Simpson, Jr., and Carroll L. Wil-
son. Just as valuable were the records furnished by the Federation of Ameri-
can Scientists, Jowa State University, the Stimson Literary Trust, Yale Uni-
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versity, and the University of Chicago. To all we express our appreciation.
No less important was the assistance from those who subjected them-
selves to hours of insistent questioning during interviews. We thank them for
their time and patience. Their names are listed in the note on the Sources.
Last of all, we wish to express our gratitude to the hundreds of scien-
tists, engineers, officers in the armed forces, Government officials, and private
citizens whose names appear in the following pages, and to the thousands not
there recorded. They made this a stirring chapter in American history. With-
out them there would be no book; but more important, the United States
might not have been the first nation to enter the new world of the atom.

Richard G. Hewlett

Oscar E. Anderson, Jr. xv

Germantown, Maryland
February, 1962






THE
INHERITANCE

It was a dismal Thursday afternoon in Washington, the second day of
January, 1947. Unnoticed among the hundreds of Government employees in
the New War Department Building, ten men gathered at a conference table in
a cramped office on the sixth floor. Looking southeast across Twenty-first
Street toward Constitution Avenue, they could see the Washington Monument
towering into the cold rain that was turning five inches of New Year’s snow
into a sea of slush. The four men on the far side of the table listened impas-
sively as an aging graduate-school dean and a young Army colonel ex-
plained the intricacies of releasing wartime technical data without endanger-
ing national security.

The drabness of the surroundings and the pedestrian character of the
discussion disguised the significance of the occasion. This was the first meet-
ing of the United States Atomic Energy Commission since it had assumed
control of the plants, laboratories, equipment, and personnel assembled dur-
ing the war to produce the atomic bomb.?

Presiding that afternoon was the Chairman, David E. Lilienthal, a
courageous lawyer and public servant who had risen to fame as head of the
Tennessee Valley Authority. Nearby sat Sumner T. Pike, a hearty New Eng-
lander and experienced businessman who was returning to Washington
after a term on the Securities and Exchange Commission. Next to him was
William W. Waymack, an amiable gentleman farmer and newspaper editor
from Iowa. The fourth Commissioner, Lewis L. Strauss, was a conservative
investment banker with an interest in science and politics. Robert F. Bacher,
the only scientific member, was on special assignment in Los Alamos,
New Mexico, inspecting the nation’s stockpile of atomic weapons.

Across the table was Carroll L. Wilson, a thirty-six-year-old engineer
and former assistant to Karl T. Compton and Vannevar Bush. Just eight days
before, President Truman had named him the Commission’s general man-

CHAPTER 1
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ager. With him were three other young men—Herbert S. Marks, the general
counsel, George Fox Trowbridge, his assistant, and William T. Golden, ad-
ministrative assistant to Commissioner Strauss. The elderly dean was Richard
C. Tolman of the California Institute of Technology; the young Army officer,
Colonel Kenneth E. Fields.

To the Commission the President had transferred “properties and an
organization which, in magnitude, are comparable to the largest business
enterprises of the country.” In the days after the bombing of Hiroshima,
journalists had described the more spectacular features of the Army’s pro-
duction plants, laboratories, and technical installations. Most American news-
papers carried photographs of the huge buildings among the ridges of East
Tennessee or the concrete monoliths in the desert of eastern Washington
where materials for the bomb were made. Almost as many ran photographs
of Robert Oppenheimer and other scientists who had constructed the first
atomic weapons in a “super-secret” laboratory on an inaccessible mesa north-
west of Santa Fe, New Mexico. The news services also described the research
in the scientific laboratories which the Government had established at Chi-
cago, Columbia, and California.

These, however, were just the highlights. Included in the transfer
was a sprawling complex of men and equipment. The Army’s transfer list
ran to thirty-seven installations in nineteen states and Canada. With the fa-
cilities the Army would transfer 254 military officers, 1,688 enlisted men,
3,950 Government workers, and about 37,800 contractor employees. The en-
tire project, representing a wartime investment of more than $2.2 billion,
would cost an additional $300 million during the current fiscal year.

The Army could describe precisely the physical inheritance, but it was
harder to measure the political and economic legacy, the temper of the times
in which the new commission found itself. On New Year’s Day, 1947, the
President had taken a step toward ending World War II with a surprise
proclamation recognizing the termination of hostilities. The sixteen months
since V-J Day had been a chaotic period of transition. While Harry S. Tru-
man struggled with the burdens of the Presidency, the nation moved from
the flush of victory into the somber realities of reconversion and readjust-
ment—inflation, strikes, and political strife at home and starvation, nation-
alism, and new power relationships abroad.

On the domestic scene, political fortunes were changing quickly.
Franklin D. Roosevelt’s death and the growing coalition between southern
Democrats and conservative Republicans in Congress had undermined the
majorities the President had carried to victory in 1944. In the face of such
unpromising odds, his successor launched in September, 1945, a twenty-one-
point reconversion plan as a return to the “progressive” tradition and the
New Deal. Truman had to fight every inch of the way against the strong
current of reaction to wartime controls, high taxes, and “government from
Washington.” A wave of strikes in major industries in 1946 alarmed business
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interests while the President’s harsh action against John L. Lewis for his
open defiance of the Government in the coal strike alienated some of the
party’s labor support. The Administration’s efforts to extend price controls,
rationing, and universal military training in peacetime met with failure.
By the end of 1946, the Administration had made but two lasting achieve-
ments. One was the Employment Act, a mutilated version of the original
Murray bill but still a step in the direction of economic controls. The other
was the Atomic Energy Act, which passed only after a year of acrimonious
debate by 9 votes out of 200 in the House of Representatives. Within the
Administration itself, smouldering hostility ignited such explosions as the
resignation of Harold L. Ickes as Secretary of the Interior and the dismissal of
Henry A. Wallace as Secretary of Commerce. These awkward episodes, the
President’s failure to control Congress, and the inflation that occurred with
the abandonment of price controls just before the November elections gave
the Republicans their most effective slogan, “Had Enough?”

That 1946 would be a Republican year seemed certain, but few ex-
pected the landslide that occurred at the polls in November. Gaining twelve
seats in the Senate and more than fifty in the House, the GOP took control of
Congress and captured governorships in twenty-five of thirty-two non-
Southern states. When the Eightieth Congress assembled on January 3,
Arthur H. Vandenberg became president pro tempore of the Senate and
Joseph W. Martin speaker of the House. Robert A. Taft, the Republican
power in the Senate, stepped aside to permit Wallace H. White of Maine to
serve as Senate majority leader. Taft was reserving for himself the chair-
manship of the Senate Labor Committee, which would seek legislation to pre-
vent recurrence of the strikes that had paralyzed the nation in 1946.

The character of the Senate, which would pass on the interim ap-
pointments to the Atomic Energy Commission, seemed transformed by the
presence of such newcomers as Joseph R. McCarthy of Wisconsin, Henry
Cabot Lodge, Jr., of Massachusetts, Irving M. Ives of New York, Edward
Martin of Pennsylvania, Arthur V. Watkins of Utah, and John W. Bricker of
Ohio. New members of the House included some young war veterans destined
to make their mark: William G. Stratton of Illinois, Richard M. Nixon of
California, and John F. Kennedy of Massachusetts.

Back in power after fourteen years, the Republicans were in a
fighting mood as they talked of a 20-per-cent cut in federal taxes and ap-
propriations, a drastic revision of the Wagner Labor Act, complete reor-
ganization of the housing program, and a critical examination of reciprocal
trade policies and foreign spending. Assuming that the Republican nominee
in 1948 would succeed Truman as President, the principal aspirants were al-
ready engaged in a struggle for power. Robert A. Taft, Senate spokesman
for the Midwest, seemed the leading contender. Thomas E. Dewey had
bounced back from his defeat in 1944 with a resounding victory in the
gubernatorial race in New York. Not out of the running were a dozen other
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hopefuls led by Harold E. Stassen of Minnesota, who had already announced
himself a candidate.

Developments abroad looked no more promising for the Administra-
tion than did those at home. Though farm output in the United States hit a
record high in 1946, millions of Europeans faced starvation. The devastation
in Germany continued to tax the descriptive powers of American journal-
ists. France was threatened by inflation and colonial unrest. The United
Kingdom, for which the war had proved almost fatal, accepted indefinite
rationing of consumer goods and transferred its coal mines to government
ownership as a first step toward nationalizing basic industries.

The upheaval of war and the collapse of Europe stimulated political
and economic aspirations throughout the world. In the Middle East, the Brit-
ish found themselves caught in the cross fire of Jewish and Arab nationalism.
In India, Mahatma Gandhi sparked a new drive for independence. Southeast
Asia was in tumult, and China remained an enigma. Despite a year of pain-
ful negotiation, General George C. Marshall had been unable to quench the
fires of civil war which threatened to disrupt all Asia. In the Far East, only
Japan, now under the firm hand of General Douglas MacArthur, seemed
headed toward stability.

With the decline of Britain and France came the accelerated rise of the
Soviet Union. In 1945, there had been confidence that somehow the victorious
allies could establish a new era of peace and human freedom. But this dream
grew dim in 1946, when countries bordering the Communist world from
Germany to Korea felt the aggressive pressure of Soviet strength.

The United Nations had yet to prove itself. Secretary-General Trygve
H. Lie warned that while the new association of states had laid a sound
foundation on which to build peace, the state of the world left no room for
“easy optimism.” Certainly this judgment was borne out by the experience of
the United Nations Atomic Energy Commission. After six months of negotia-
tion, American delegate Bernard M. Baruch found the United States and the
Soviet Union distressingly far apart on the requirements for effective in-
ternational control.

The survival of western democracy seemed to depend upon the United
States. Yet Americans were obviously uncomfortable with the responsibilities
of world leadership. Europeans feared that the November elections might
signal a withdrawal from overseas commitments. Their fears fed on Wash-
ington reports of a tighter attitude on foreign loans, of an end to support for
the United Nations Relief and Rehabilitation Administration, and of open
misgivings in the new Congress about the nation’s foreign policy.

Undaunted by the universal uncertainty, Chairman Lilienthal pre-
pared to enter the new world of atomic energy with an untried approach to
public administration. The authors of the Atomic Energy Act themselves
admitted that it was “a radical piece of legislation.” They asserted that
“never before in the peacetime history of the United States has Congress es-
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tablished an administrative agency vested with such sweeping authority
and entrusted with such portentous responsibilities. . . . The Act creates a
government monopoly of the sources of atomic energy and buttresses this
position with a variety of broad governmental powers and prohibitions on
private activity. The field of atomic energy is made an island of socialism in
the midst of a free enterprise economy.” 2

The Act was no more revolutionary, however, than the forces that
produced it. Never before had man exploited a new dimension of power so
suddenly. Though the first reactions to Hiroshima now seemed exaggerated
and hackneyed, there was no gainsaying the words of one congressman who
declared the control of atomic energy “a matter for the ages.” The Com-
missioners understood as well as other Americans the predicament in which
they found themselves. Chairman Lilienthal reportedly said at the Com-
mission’s first meeting in November: “I have taken the oath of office several
times before in my life, but the last four words never had the meaning to
me they have today. So I'd just like to begin by repeating them—So help
me God.” ” 3

To their task Lilienthal and his colleagues brought many talents. All
had held important posts in the Government. Together they possessed a range
of experience touching many aspects of American life, but only Bacher had
an intimate knowledge of the wartime atomic energy program. For the oth-
ers, as for most of their fellow citizens, their inheritance lay in the secret
recesses of a military enterprise. In the guarded language of the Smyth Re-
port they had a glimpse into the past. They could not, however, recapture
the human experience that lay behind the stiff prose of the official report.
Time had already blurred the anguished moments of blind decision, the
chance event, the unpredicted accomplishments upon which the success of
the project depended.

Few men besides Vannevar Bush, James B. Conant, and Leslie R.
Groves knew more than a fragment of the story. It began early in 1939 with
the discovery of the fission of uranium and the first efforts to win sup-
port from the federal government for nuclear research. At a time when
Nazi threats had only begun to raise questions about American isolationism,
proposals for co-operation between government and science had already
reached the White House. The idea was so new that only British confidence
that fission could influence the outcome of the war and Bush’s skillful leader-
ship gave the United States the beginnings of an atomic energy program by
the eve of Pearl Harbor.

In 1942, the lack of reliable information about fundamental proc-
esses paralyzed efforts of the Office of Scientific Research and Development to
select the most promising method of producing fissionable material. June
brought momentous decisions dictated not by experimental evidence but
by the desperate race for the bomb. Then came the painful transition from
research to process development and from OSRD to Army control. Through
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the summer the project faltered in indecision and frustration until Bush won
full Army support. In the meantime, Conant and his OSRD committee con-
tinued their search for the best route to a weapon. The prospects for the
various approaches fluctuated from day to day. One process was dropped,
another revived after a routine inspection trip by a reviewing commiitee,
a third supported on the strength of an experiment not yet performed. The
year ended with a climactic series of decisions which spelled out the nation’s
commitment to the atomic bomb as a weapon in World War IL

By 1943, the project had grown so rapidly in so many directions that
no one individual could follow it. As the year began, earthmovers were al-
ready carving huge excavations out of the narrow Tennessee valleys for
three plants and a new American city. Across the country a network of uni-
versity laboratories and private contractors were designing and fabricating
components to specifications unprecedented in mass-production efforts. Now,
to follow the fortunes of the bomb, one had to observe physicists assembling
vacuum tanks and high-voltage equipment at the University of California
Radiation Laboratory, engineers laying precision-machined blocks of graph-
ite within a concrete cube in Tennessee, chemists testing fragile pieces of
porous metal in corrosive gases at Columbia University, scientists exploring
the fundamentals of the fission process in New Mexico, and Army officers
planning the transformation of a desert into an industrial city in the Pacific
Northwest. Here one could feel the pulse of progress, share the moments of
success and failure, watch hopes fade away one by one as Nature frustrated
repeated attempts to solve the riddle of producing fissionable material
and building an adequate weapon. No one who lived through the black days
of June, 1944, could ever say that success was predestined.

But before the end of 1944, success was in sight. Engineers at Oak
Ridge had devised an ingenious plan to operate the separation plants as a
unit while taking maximum advantage of the peculiar capabilities of each.
By the spring of 1945, the Oak Ridge complex was producing uranium
235 in significant amounts. The crisis at Hanford had passed, and increas-
ing quantities of plutonium were being shipped to Los Alamos. Months of
intensive research had made the bomb a certainty, though no one yet knew
how powerful it would be.

Though the war was far from over in the summer of 1944, it was time
to think about postwar arrangements, both domestic and international.
Among the scientific men who shared this belief, Bush and Conant were in a
uniquely favorable position to act. Believing that free interchange of scien-
tific information under international auspices offered the only hope of avert-
ing a catastrophic arms race, they opposed any step that might bind the
United States so closely to its British ally as to prejudice the chances for
Russian co-operation. At Quebec in 1943, their views on a strictly limited
form of Anglo-American technical interchange had prevailed, but in
September, 1944, President Roosevelt and Prime Minister Winston Churchill
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agreed on full collaboration in the military and commercial applications of
atomic energy after the defeat of Japan. Though not aware of the President’s
commitment, Bush and Conant knew the trend of his thought. They alerted
Secretary of War Henry L. Stimson to the danger and urged the importance
of naming a high-level policy committee to advise on the whole sweep of
postwar problems. Then the fates intervened in the guise of distracting is-
sues, the stress of war, and the death of the President. Not until the first week
in May, 1945, did Stimson appoint his Interim Committee.

When the Interim Commiitee met, Stimson had turned his full atten-
tion to the Far East. For him, the issue was not whether to use the atomic
bomb but how to end the war against Japan. If the bomb would foreclose
the prospect of a long and bloody conflict, he was disposed to use it.
Aware of the threat that atomic energy posed for the future, Stimson urged
Truman to tell Stalin of American hopes for future international control be-
fore the United States dropped the weapon in combat. The President might
have followed Stimson’s advice had not Russian conduct at Potsdam dis-
couraged both men about the chances for fruitful co-operation. By that
time, the Alamogordo tests had shown that the atomic arm was more power-
ful than anyone had dared hope. With Japanese leaders offering little reason
to expect an early acceptable surrender, the President simply told the Soviet
chief that the United States was at work on an unusually powerful new weapon
and allowed nuclear operations to proceed against Japan.

The bombing of Hiroshima made atomic energy a topic for public
discussion. For weeks, the Truman Administration groped for a policy on
domestic and international control. Not until his message to Congress on
October 3, 1945, did the President establish the bare outlines of such a
course. Even then, his position on international control did not clearly
emerge until the November meetings with the British and Canadian Prime
Ministers in Washington.

Meanwhile, a combination of parliamentary maneuverings in the
Senate, organized opposition among the atomic scientists, and second
thoughts in the White House had defeated the War Department’s bill to
establish an atomic energy commission. An alliance of scientists and senators
now took control of legislation. Senator Brien McMahon organized his Spe-
cial Committee and introduced a new bill excluding the military services
from any real voice in developing atomic energy. While the scientists’ lobby
and pressure groups focused public debate on the civilian-military control
issue, McMahon fought a losing battle with the conservative majority of his
committee. The turning point came in late February, 1946, when Senator
Vandenberg introduced an amendment to strengthen the hand of the military
in atomic energy policy. Although McMahon denounced the amendment as a
threat to civilian control, it proved a blessing in disguise. It captured the
imagination of the American public and gave the McMahon bill the popular
support it needed to pass the Senate. A long battle, waged for the most part
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behind closed doors in the White House and in Congressional committee
rooms, was still necessary to win the House. Almost a year to the day after
the Hiroshima attack, the President signed the act establishing the Com-
mission,

Hopes for international control rose in late December, 1945, when
the Soviet Union accepted the Anglo-American invitation to join in asking
the United Nations General Assembly to establish a commission on atomic
energy. Early in 1946 Secretary of State Byrnes started policy studies which
resulted in the Acheson-Lilienthal plan for an atomic development authority.
Now high principle, now sharp political infighting ruled in Washington
conference rooms and executive offices. The proposal that Bernard Baruch
presented in June was compounded in almost equal parts of imagination,
prudence, and yearning for a certainty that many men considered illusory.
In the summer and autumn of 1946, the prospect of international agreement
faded as the Soviet Union insisted on outlawing the weapon before investi-
gating controls. Some Americans, seeking to cast any beam from their own
eyes, criticized Baruch’s tactics and the substance of the United States plan
itself. Yet by the time Lilienthal and his four colleagues took over the na-
tion’s nuclear program, one fact stood clear: the United States had offered
to yield its monopoly of atomic weapons. True, it insisted on abandoning its
favored position gradually, but it did not demand the right to dictate the
timing of the transition process.

On that bleak afternoon of January 2, 1947, the Commissioners were
gravely aware of their responsibilities and their opportunities. Six weeks
of preparation had taught them how vast was their inheritance and how
little they knew about how it came to be. They expected to learn more as the
months advanced; their natural feelings of personal inadequacy would
diminish. But many years would pass, they thought, before the story of
their inheritance could stand forth in ample detail and just proportion. The
Commissioners could not anticipate that when the passage of a decade and a
half made this possible, mankind would be edging into the new frontiers of
space. They did not realize that atomic energy so soon would appear as
merely the first of a continuing series of revolutionary demands that
twentieth-century science would make on the capacity of human nature to
adjust to the physical universe. Had they been able to see into the future, the
Commissioners would have believed even more strongly in the surpassing
importance of their task.



IN THE
BEGINNING

On the surface, there was nothing extraordinary about the first days of
January, 1939. The American people were enjoying life’s little diversions.
They read in the newspapers that David O. Selznick had selected Vivien Leigh
to play Scarlett O’Hara in Gone With the Wind, that Broadway was acclaim-
ing Mary Martin as the season’s musical-comedy find, that Brenda Frazier
would make a $50,000 debut at the Ritz-Carlton. Many families contemplated
a summer trip to New York’s World of Tomorrow or San Francisco’s Golden
Gate International Exposition. Those in the market for a new automobile
considered the Oldsmobile, advertised for as little as $777, or perhaps the
Pontiac, listed at $862. Even business and politics, so long in turmoil, seemed
to be returning to normal. The summer before, employment and production
indices had begun to move up from recession lows. In November, 1938, the
Republican Party won large gains in both Senate and House. Hard on
President Roosevelt’s failure to purge conservative members from his own
party, the election returns suggested that the New Deal had run its course.

Yet no preoccupations of the moment, no mere redressing of the
political balance, could still an underlying uneasiness caused by events
abroad. Between 1935 and 1937, Congress had reacted to the signs of war
in Europe and the Far East by passing a series of neutrality acts, laws which
reflected a disillusionment with the results of American intervention in 1917.
Hardly was the neutrality storm cellar complete, when the structure of inter-
national relations began to disintegrate at an alarming rate. In July and Au-
gust of 1937, Japan expanded the incident at the Marco Polo bridge into a
massive assault on China. During March of the following year, Nazi legions oc-
cupied and annexed Austria. Then late in September, 1938, Hitler’s threats
to take the Sudetenland intimidated Chamberlain and Daladier into ap-
peasing him at the expense of Czechoslovakia.

Distressed by the Munich crisis, the President determined to make
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good use of the time that remained. Early in October, he announced an ac-
celerated program of defense spending and projected plans for great in-
creases in aircraft production. On Christmas Eve, his diplomacy bore fruit
in the Declaration of Lima, which set up crisis machinery for assembling
the foreign ministers of the American republics to take action in the common
defense. Roosevelt was hopeful for a freer hand in countering the aggressors,
but he recognized the difficulty of persuading Congress to revise the neu-
trality laws. Not that there was any significant pro-German or pro-Japanese
sentiment in the United States. The absurd posturing of Hitler, the pogroms
in Germany, the brutality of Japanese soldiers in China had forestalled that.
But the overwhelming majority of Americans were resolved to take no action
that might drag them into war.

The President’s message to Congress on January 4, 1939, reflected the
growing tension. With southern Democrats, whose support he needed for his
foreign policy, no longer willing to follow his lead in domestic matters,
Roosevelt rang down the curtain on the New Deal. He called for no new re-
form legislation and requested deficit spending only until recovery was com-
plete. It was the international situation that now dictated the turn of events.
In his address to Congress and in his budget message of the next day, Roose-
velt recommended an augmented defense appropriation of almost $2 billion.

IMPACT OF FISSION

On a wintry afternoon twelve days after the President spoke to Congress, the
liner Drottningholm was eased into its berth at New York. Aboard was the
distinguished Danish theoretical physicist, Niels Bohr. Enrico and Laura
Fermi were among those who met him at the pier. Their friend seemed to
have aged perceptibly in the month since they had stopped off to see him at
Copenhagen on their way to the United States from Stockholm, where the
Italian physicist had accepted a Nobel Prize. There was good reason for
Bohr’s appearance. He was disturbed by the threat of war in Europe and by
his knowledge of a recent scientific discovery of revolutionary implications.
Late in 1938, Otto Hahn and Fritz Strassmann, working at the Kaiser
Wilhelm Institute for Chemistry in Berlin, had discovered a radioactive
barium isotope among the products resulting from their bombardment of
uranium with neutrons. Hahn recognized the significance of this at once, but
instead of proclaiming it himself, he chivalrously communicated his findings
to Lise Meitner, an Austrian colleague who recently had been forced to flee
Germany by the threat of Nazi racial laws. Fraulein Meitner and her
nephew, Otto R. Frisch, concluded that the presence of barium meant that a
new type of nuclear reaction had taken place—fission. They went to Copen-
hagen at once, where they advanced to Bohr the theory that the uranium
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nucleus had split into two lighter elements in the middle range of the peri-
odic table. Part of the enormous energy required to hold the component
neutrons and protons together in the heavy uranium nucleus had been re-
leased. Meitner and Frisch-outlined an experiment to verify their hypothesis.
Some days after Bohr arrived in the United States, he received a telegram
from Frisch announcing that laboratory results had confirmed the theory.*

The word spread quickly. Bohr went at once to Princeton, where he
was to spend a few months at the Institute for Advanced Study. Physicists
there were greatly impressed by the possible implications of the discovery.
Isidor I. Rabi, in Princeton on sabbatical leave, rushed back to Columbia
University the next morning to talk with Fermi. On January 26, Bohr and
Fermi opened the Fifth Washington Conference on Theoretical Physics with
a discussion of the exciting developments abroad. Press reports now flashed
to centers of physics research throughout the nation. Soon American sci-
entists had the full story, for the Physical Review of February 15 carried
an authoritative account by Bohr.?

The discovery of fission was stimulating enough from a purely scien-
tific standpoint, but the finding had such a galvanic impact because it pointed
to the possibility of a chain, or self-sustaining, reaction. Physicists thought
it highly probable that fission released secondary neutrons. Should these be
effective in splitting other uranium nuclei, which in turn would liberate
neutrons, it might be possible to generate a large amount of energy. If the
process could be controlled, a new source of heat and power would be avail-
able. If it were allowed to progress unchecked, an explosive of tremendous
force might be possible.

By 1939, American physicists were in a strong position to exploit the
breakthrough. True, physics had been slow to develop on their side of
the Atlantic. At the turn of the century, American physics had been graced
by a few great names—Henry, Gibbs, Michelson, and Rowland—but these
few could scarcely compare with European giants such as Maxwell, Kelvin,
Joule, Rankine, Helmholtz, and Planck. College instruction had then been
poor despite the efforts of a few universities to improve. Even textbooks
were translations of European works. Not until 1893 was the Physical Re-
view founded. Not until 1899 was the American Physical Society established.
The discipline progressed rapidly, however, in the years prior to the first
World War, and by the nineteen-twenties universities such as California, Chi-
cago, Columbia, Cornell, Harvard, Johns Hopkins, and Princeton were of-
fering good training to increased numbers of students. To obtain the best
advanced instruction, it was still necessary to go abroad, particularly to
Germany. Fortunately, many young scholars received Rockefeller-financed,
National Research Council fellowships for this purpose. At European uni-
versities American students felt that they had a better, broader education
than perhaps 95 per cent of their European classmates. Yet from their ex-
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perience on the Continent they gained an inspiration, a feel for their subject,
that was more important than any considerations of factual knowledge or
technique.

In the nineteen-thirties, physical studies flourished in the United
States. The quality of graduate work was high. Probably the depression
helped encourage advanced study and postdoctoral research. There was little
else to do. Certainly the National Research Council fellowships enabled
scores of young physicists to establish the habit of research. Europe may still
have had more giants, but it could not compare in the number of lesser
known physicists. As the decade wore on, American scientific ranks gained
further as some of the most talented Europeans came to the United States,
seeking refuge from persecution in their homelands.

Theoretical studies experienced a healthy development, but the great
strength of the United States was in experimental physics. This interest led
naturally to large-scale equipment. Americans played a leading role in the
development of the mass spectrograph, essential in studying the isotopic
forms of the elements. In 1930, Ernest O. Lawrence, an imaginative young
experimenter at the Berkeley campus of the University of California,
constructed his first cyclotron. This contrivance, which whirled charged
particles to tremendous speeds under the influence of a steady magnetic
field and a rapidly oscillating electrical field, soon became a research tool of
vital importance. In 1931, Robert J. Van de Graaff, a National Research
Fellow at Princeton, developed his electrostatic generator, another device for
producing a powerful beam of subatomic particles. By 1939, the United
States was pre-eminent in work requiring elaborate and expensive equip-
ment.

Eagerly, American physicists followed Chadwick’s work, which
reached fruition in 1932 with his discovery of the neutron. They noted
Cockeroft’s and Walton’s experimental demonstration of Einstein’s proposi-
tion that mass and energy were equivalent. They read avidly .of Fermi’s
uranium bombardments and the efforts of Joliot-Curie and Savitch to in-
terpret them. But Americans did more than observe. The Physical Review,
rapidly evolving from a provincial journal into one of the world’s great
scientific periodicals, bulged with reports of their own experimental and
theoretical investigations. Fascinated by the possibilities inherent in neutron
reactions, Americans believed that the world was on the threshold of nuclear
power and that everything waited on some self-perpetuating mechanism. At
the very time of the Hahn-Strassmann breakthrough, Philip H. Abelson, a
Ph.D. candidate at Berkeley, was pursuing a line of investigation that in a
few weeks would have led him almost certainly to the discovery of nuclear
fission.®

The first experimental task facing scientists in the early days of 1939
was to confirm the Hahn-Strassmann-Meitner results. This came rapidly in
the United States, as elsewhere. The issue of the Physical Review that carried
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Bohr’s letter contained reports of corroborating experiments at the Univer-

sity of California, Johns Hopkins, and the Carnegie Institution of Washing-
ton. The next issue related experiments undertaken at Columbia just after
Bohr’s arrival in which Fermi and John R. Dunning, joined by a number of
younger collaborators, further demonstrated the validity of the results ob-
tained abroad.*

This was only the beginning. Scientists throughout the world launched
a comprehensive effort to throw light on the phenomena of fission. They
published nearly one hundred articles on the subject before the end of 1939.
All the great centers of American physical research took up the challenge. In
the realm of theory, the prime achievement was a study carried out at
Princeton by Bohr and John A. Wheeler. Their work, published in Septem-
ber as “The Mechanism of Nuclear Fission,” was rich in insights destined to
aid many another scientist in the years ahead.® In the experimental field,
nothing was more immediately significant than the work being done at
Columbia on the possibility of a chain reaction. It was an investigation for
which Morningside Heights was well fitted. Here at the Michael Pupin
Laboratory was Dunning with the cyclotron and other equipment he had
acquired for neutron-reaction studies. Here were Herbert L. Anderson, a
gifted graduate student, and Walter H. Zinn, a physicist at City College who
did his research in the Columbia laboratories. Here were Fermi, who had no
intention of returning to his native land, and Leo Szilard, a Hungarian
scientist who had come without benefit of a faculty appointment to work with
Fermi. Fortunately, this team was under a sympathetic if somewhat conserva-
tive administrator, George B. Pegram. A physicist himself, Pegram was now
dean of the graduate faculties.

The men at Columbia had seen from the first that the key to the
self-sustaining reaction was the release of neutrons on fission of the uranium
atom. Like physicists generally, they had guessed that neutrons were
emitted. Their experiments, along with others conducted both in the United
States and abroad, soon indicated that this indeed was true. Once the neutron
question was settled, another rose to demand attention. Was a chain reaction
possible in natural uranium? At Columbia and elsewhere physicists disagreed
over which isotope fissioned with slow neutrons, neutrons which traveled at
the energies known most likely to produce fission. Was it the rare 235,
considerably less than 1 per cent of the natural element, or the abundant
238? Dunning thought 235 was responsible, while Fermi inclined toward
238. Dunning was impressed by the small fission cross section—the physi-
cists’ term for probability—of natural uranium. He thought it indicated only
a small chance for a chain reaction. But if uranium 235 was the isotope sub-
ject to slow-neutron fission, and if it could be concentrated, he considered the
chain reaction a certainty. Fermi accepted his colleague’s reasoning, but
even if U-235 should prove the key, he was content to try for a chain reaction
in natural, unconcentrated uranium because of the extreme difficulty and
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expense of separating the isotopes. To settle this debate, Fermi and Dunning
agreed on a co-ordinated investigation. The Italian would try for a chain
reaction in natural uranium, while the American would acquire small
samples of concentrated U-235 and see if his views on its susceptibility to
fission were correct.®

Fermi’s first effort to ascertain whether the conditions- of a chain
reaction existed in normal uranjum was to measure the number of neutrons
produced per fission. By the middle of March, preliminary experiments in-
dicated that the average was two.” The next objective was to discover how
extensive was nonfission absorption. Fermi, Szilard, and Anderson knew that
neutrons might be captured without fission and preduce a radioactive isotope
of uranium, U-239. If this happened on an excessive scale, too few neutrons
would live to propagate a chain reaction. The experimenters placed a neutron
source in the center of a large water tank and made comparisons, with and
without uranium in the water, of the number of slow neutrons present. These
measurements led them to conclude that a chain reaction could be maintained
in a system in which two requisites were met. First, neutrons had to be
slowed to low, or thermal, energies without much absorption. Second, they
had to be absorbed mostly by uranium rather than by another element. Fermi
and Szilard had doubts, however, about the proper agent for slowing down,
or moderating, the neutrons. It would have to be some material of low
atomic weight. Neutrons, common sense indicated, would lose speed more
quickly by collision with light rather than with heavy atoms. Water, which
Fermi had used because it was two-thirds hydrogen, had exhibited a tendency
to absorb neutrons. On July 3, 1939, the same day the editor of the Physical
Review received the Columbia results, Szilard wrote Fermi to suggest that
carbon might be a good substitute. Szilard saw heavy hydrogen in the form
of heavy water as another possibility, for it had less tendency to absorb
neutrons than ordinary hydrogen, but he did not know if it could be obtained
in sufficient quantity. A few days later, he was so convinced of the advanta-
geous physical properties of carbon that he thought the Columbia group
should proceed at once with a large-scale trial employing a graphite modera-
tor without even awaiting the outcome of experiments to determine its neu-
tron-absorption characteristics.?

FIRST APPEALS FOR FEDERAL SUPPORT

Publication of the results of the absorption experiments in the summer of
1939 marked a temporary halt to intensive work on the chain reaction at
Pupin Laboratory. Fermi departed for the University of Michigan to study
cosmic rays. Anderson, his assistant, devoted his time to finishing his Ph.D.
investigations, while Szilard, though full of suggestions for accelerating the
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experimental work, concentrated on finding a way to alert the federal gov-
ernment to the significance of fission.

Actually, a branch of the government had already been approached.
On March 16, Dean Pegram wrote Admiral Stanford C. Hooper, technical
assistant to the Chief of Naval Operations, to say that Fermi, who was
traveling to Washington on another matter, would be glad to tell Hooper
of the experiments at Columbia. It was possible, Pegram wrote, that uranium
might be used as an explosive that would “liberate a million times as much
energy per pound as any known explosive.” Pegram thought the probabilities
were against this but that even the barest possibility should not be ignored.
At the Navy Department the next day, Fermi talked for an hour to a group
that included a number of naval officers, two civilian scientists from the Naval
Research Laboratory, and several officers from the Army’s Bureau of
Ordnance. Fermi explained the Columbia efforts to discover whether or not
a chain reaction could take place. He was not sure that the experiments would
yield an affirmative answer, but if they did, it might be possible to employ
uranium as an explosive. After some questioning, a Navy spokesman told
Fermi that the Department was anxious to maintain contact with the
Columbia experiments and undoubtedly would have representatives call in
person.’

The most responsive of the listeners that afternoon were the scientists of
the Naval Research Laboratory. They had a long-standing interest in a source
of power that would permit protracted undersea operations by freeing sub-
marines from dependence on tremendous supplies of oxygen. As soon as the
news of fission broke in January, they had contacted the men at the Carnegie
Institution who were checking the work of Meitner and Frisch. Just three days
after the conference with Fermi, Admiral Harold G. Bowen, director of the
NRL, recommended that the Bureau of Engineering help finance investiga-
tion of the power potential of uranium. The Bureau allotted $1,500 to the
Carnegie Institution, which agreed to co-operate but for reasons of internal
policy did not accept the grant. The NRL also approached Jesse W. Beams, a
centrifuge expert at the University of Virginia, on isotope separation.’

The initiative for a new overture to the federal government in the sum-
mer of 1939 came in large part from Szilard, an impetuous, imaginative
physicist who was at his best in goading others to action. The news of fission
alarmed him, for he feared that it might lead to powerful explosives which
would be dangerous in general and particularly so in the hands of Nazi Ger-
many. Like many others, he hoped a bomb would prove impossible. But until
this could be established, there seemed only one safe course: to pursue the
work vigorously.’ Szilard had been zealous on behalf of the Columbia experi-
ments and had even borrowed money to rent radium for use in a neutron
source.

Szilard was eager for some sort of federal action. At a June meeting of
the American Physical Society in Princeton, he had consulted Ross Gunn,
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who, as the technical adviser of the Naval Research Laboratory, was at the
center of the Navy’s interest in the potential of uranium. On July 10, Gunn
informed him that though the NRL was anxious to co-operate, restrictions on
government contracts for services made it impossible to carry through any
agreement that would be helpful.’

Frustrated, Szilard talked over the situation with physicist Eugene P.
Wigner, also a native of Hungary. Szilard by now was convinced that the
uranium-graphite experiment might quickly prove successful if only it could
be carried out. More than ever, he thought it imperative to get on with the
work. Besides, it was high time to take steps to keep the uranium ore of the
Belgian Congo out of German hands. It occurred to the two physicists that
Albert Einstein was the logical person to alert the Belgians, for he knew the
royal family. They saw Einstein, who agreed to dictate a letter of warning,
though to someone below that rank. Since this maneuver raised the propriety
of communicating with a foreign government, Wigner suggested that they
send the Department of State a copy with a note that Einstein would dispatch
the letter in two weeks unless he received advice to the contrary. This, how-
ever, would do nothing to expedite research in the United States. Szilard
believed that they should make some direct advance to the government in
Washington. At the suggestion of Gustav Stolper, a Viennese economist and
a friend of long standing, he went to see Alexander Sachs, a Lehman Cor-
poration economist reputed to have ready access to the White House.

Quiet and unpretentious in appearance but curiously florid and in-
volute in speech, Sachs prided himself on his skill in analyzing current devel-
opments and predicting the course of events. He specialized in “prehistory,”
he liked to say. Since 1936, when he had heard Lord Rutherford lecture, the
work of the atomic physicists had intrigued him. Then early in February,
1939, while Sachs was visiting in Princeton, Frank Aydelotte, director of the
Institute for Advanced Study, showed him a copy of a letter that Bohr had
addressed to the editor of Nature. Sachs’s excitement increased as the months
went by and further experiments were reported. By the time Szilard called on
him in July, he remembered some years later, he had already pointed out to
the President the crucial character of the new developments. From Roosevelt,
Sachs understood that the Navy had decided not to push uranium research,
largely because of the negative attitude of Fermi and Pegram.

To approach the President successfully, Sachs believed it was necessary
to counter the impression created by the Columbia physicists. This would
require the testimony of a scientist more eminent than Szilard. The obvious
solution was to enlist the name of Einstein. A letter should be prepared for
his signature. Sachs could insure that such a communication, along with
supporting scientific papers, received Roosevelt’s attention.

The letter that emerged from conferences between Sachs and Szilard re-
ported that recent work by Fermi and Szilard in America and by Joliot-Curie
in France made a uranium chain reaction almost a certainty in the immediate
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future. This would mean the generation of vast amounts of power and the
creation of new radium-like elements. It was conceivable, though still not
definite, that extremely powerful bombs could be constructed. These might
prove too heavy to be dropped from an airplane, but they could be carried by
boat and exploded in a port. The supplies of uranium ore in the United
States were not extensive. Although there was some good ore in Canada and
in Czechoslovakia, the Belgian Congo was the most important source. Some-
thing ought to be done to maintain contact between the Administration and
the physicists working on the atom. Perhaps the President could assign some-
one, possibly in an unofficial capacity, to keep the appropriate government
departments informed and make recommendations for action, particularly on
raw materials. This agent might also seek to speed research by soliciting
contributions from private individuals and by obtaining the co-operation of
industrial laboratories, Closing the letter was a warning of German interest.
The Reich had stopped the sale of uranium from Czechoslovakian mines.

At Sachs’s request, Szilard drafted an accompanying memorandum.
Seeking to explain more clearly the underlying science, the physicist stressed
that a chain reaction based on fission by slow neutrons seemed almost
certain even though it had not yet been proved in a large-scale experiment.
Whether a chain reaction could be maintained with fast neutrons was not so
certain. If it could be, it might be possible to contrive extremely dangerous
bombs.

It was not hard to persuade Einstein to sign the letter, but before Sachs
could take the completed dossier to Roosevelt, war broke out in Europe.
Sachs delayed, for he wanted to present the case to the President in person,
so that the information “would come in by way of the ear and not as a sort of
mascara on the eye.” He knew that Roosevelt, preoccupied with the interna-
tional crisis and his fight to win repeal of the arms-embargo from a reluctant
Congress, was unlikely to give the uranium recommendations adequate atten-
tion. But early in October, 1939, the time seemed more propitious, and Sachs
arranged an appointment for the eleventh. At the White House, the Presi-
dent’s secretary, General Edwin M. Watson, had called in two ordnance
specialists from the Army and Navy, Colonel Keith F. Adamson and Com-
mander Gilbert C. Hoover. After Sachs had explained his mission to them, he
was taken in to see the Chief Executive. Sachs read aloud his covering letter,
which emphasized the same ideas as the Einstein communication but was
more pointed on the need for funds. As the interview drew to a close, Roose-
velt remarked, “Alex, what you are after is to see that the Nazis don’t blow
us up.” Then he called in “Pa” Watson and announced, “This requires
action.” *®
This appeal for federal encouragement, if not support, of research
touched a theme that went back to the Constitutional Convention of 1787.
The powers expressly granted the general government seemed to imply a
place for science, but just what this might mean awaited the resolution of
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constitutional issues that involved science only tangentially. As it worked
out, Americans were slow to accept the idea that the federal government
should have a permanent scientific establishment. Not until after the Civil
War did a well-diversified corps of scientific bureaus evolve. By 1916, the
process was largely complete. Since the several units had appeared at dif-
ferent times under widely varying auspices in response to the demands of
society, there was no central organization. The emphasis was on applied
rather than basic research.

This setup seemed reasonably well adapted to the day-to-day require-
ments of the government. All efforts had failed, however, to work out a satisfac-
tory arrangement by which American science as a whole could serve in an advi-
sory capacity in times of national emergency. The first attempt to achieve
such an arrangement was the creation of the National Academy of Sciences.
A group of scientists led by Alexander Dallas Bache made the Civil War the
occasion for promoting their long-cherished plan to establish a self-
perpetuating national academy which should serve the dual purpose of
honoring scholarly attainment and of advising the government. Taking ad-
vantage of the end-of-session rush in March, 1863, they spirited the necessary
legislation through Congress. Unfortunately, the wartime accomplishments of
the National Academy were slight. Only through the efforts of Joseph Henry,
the secretary of the Smithsonian, did the National Academy survive the
crisis which saw its birth.

The first World War brought forth another effort to forge a working
relationship between government and science. The National Research Coun-
cil was organized in 1916 under the auspices of the National Academy to
broaden the base of scientific and technical counsel. Not limited to members
of the National Academy, the NRC sought the help of scientists generally,
whether they were at work in government, the universities, private founda-
tions, or in industry. Though it met the test of war by establishing co-
operative research on a large scale and by serving as a scientific clearing-
house, it left much to be desired. Never financed independently, the only
effective way it could obtain funds from the military was to have its scientists
commissioned. It was further handicapped by losing to the services the
injtiative of suggesting projects. After the Armistice, the NRC evolved into an
agency for stimulating research by dispensing Rockefeller and Carnegie
money. Though this was useful enough, the council lost the capacity to serve
as an active scientific adviser. In many ways, a more significant development
of the war years was the establishment of the National Advisory Committee
for Aeronautics, an independent board of both government and private
members with functions less advisory than executive.

It was not surprising that a new effort at establishing efficient liaison
between government and science emerged in the summer of 1933. Isaiah
Bowman, chairman of the National Research Council, used Henry Wallace’s
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request for advice on the reorganization of the Weather Bureau as an op-
portunity to advocate a general review of government science. The result was
a Presidential order creating a Science Advisory Board with authority under
the National Academy and the NRC to appoint committees on problems in
the various departments. This order named Karl T. Compton chairman.
Compton, president of the Massachusetts Institute of Technology, promptly
put subcommittees to work studying the government bureaus, but he had
larger plans, plans which amounted to a New Deal for science. It was his
idea that a large sum—in the final version $75 million in five years—should
be spent to support scientific and engineering research. Programs would be
formulated by the National Academy, the National Research Council, and a
new advisory panel. Compton’s dreams failed to win approval, apparently
because of their scale and because of a reluctance to adopt a program that
would support the natural sciences to the exclusion of other fields of learn-
ing. The Science Advisory Board itself did not survive for long. Thus was
lost an opportunity not only to support science in the monetary sense but also
to establish a rational basis for co-operation between the government and the
great centers of investigation. There was still a hope that the National Re-
sources Committee, which had its origin in the faith of social scientists in
planning as the basis for sound governmental operation, might accomplish
something. But although its science committee made a brilliant study of the
federal research agencies and took the broad view that research was a basic
national resource, it never gained the administrative position or the support
from scientists that were essential for it to become an adequate instrument for
mobilizing the nation’s scientific strength.™

This, then, was the situation when Sachs talked with the President.
Roosevelt’s thinking must have been conditioned by the rather uneasy rela-
tions that had existed between the Administration and the scientific com-
munity. There was little basis for sentiments of mutual confidence. No ade-
quate machinery was at hand. One alternative was to refer the matter to the
National Academy of Sciences, but this was an unwieldy expedient, and there
was little reason to believe it would be fruitful. Besides, every instinct would
lead the President to conclude that security as well as policy dictated caution.
Why not restrict consideration, for the present at least, to official circles?
Whatever the reasoning, action came quickly. Roosevelt appointed an Ad-
visory Committee on Uranium to investigate the problem in co-operation
with Sachs. Its chairman was Lyman J. Briggs, a government scientist who
had begun his career in 1896 as a soil physicist in the Department of
Agriculture and was now director of the National Bureau of Standards.
Other members were Commander Hoover and Colonel Adamson. This was a
rational solution. Sachs later claimed he had suggested placing the Bureau of
Standards in charge as a means of achieving a fresh view, a view un-
complicated by military prejudices. This may have been the case, but there
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was a more obvious explanation for appointing Briggs. This, after all, was a
problem in physics. Why not have it investigated by the Government’s physics
laboratory?

Briggs called a meeting at the Bureau of Standards for October 21,
1939. Joining the committee members and Sachs were two Washington
physicists—Fred L. Mohler of the Bureau of Standards and Richard B.
Roberts of the Carnegie Institution—and three physicists of Hungarian
origin—Szilard, Wigner, and Edward Teller. The latter three were invited at
Sachs’s initiative. Sachs also had arranged for Einstein to be invited but the
shy genius did not accept. Szilard focused the discussion by pointing out that
it seemed quite possible to attain a chain reaction in a system composed of
uranium oxide or metal and carbon in the form of graphite. The principal
uncertainty was the lack of information on the absorption of slow neutrons
by the graphite moderator. Szilard and Fermi had devised experiments for
measuring this. If the absorption cross section should be either small or
large, they would know at once whether the chain reaction would or would
not work. If they obtained an intermediate value, they would have to conduct
a large-scale experiment. Some of those present were openly skeptical about
the chance for a chain reaction, but the three Hungarians were optimistic. In
a sequence that bordered on comedy, the meeting drifted into a discussion of
government financing, which was not the immediate objective. As Szilard
recalled it, Teller referred quite incidentally to the amount of money that
researchers could spend profitably in the months ahead. Colonel Adamson
made this the occasion for a discourse on the nature of war. It usually took
two wars, he said, to develop a new weapon, and it was morale, not new
arms, that brought victory. These sentiments moved Wigner, who had been
fidgeting in his chair, to venture the opinion that if armaments were so
comparatively unimportant, perhaps the Army’s budget ought to be cut by
30 per cent. “All right, you'll get your money,” Adamson snapped.'®

The Advisory Committee on Uranium reported to the President on No-
vember 1 that the chain reaction was a possibility, but that it was still unproved.
If it could be achieved and controlled, it might supply power for submarines.
If the reaction should be explosive, “it would provide a possible source of
bombs with a destructiveness vastly greater than anything now known.” The
committee believed that despite the uncertainties, the Government should
support a thorough investigation. It urged the purchase of four tons of pure
graphite at once and the acquisition of fifty tons of uranium oxide in the
event that the preliminary investigations justified continuing the program.
To provide for the support and co-ordination of these investigations in
different universities, Briggs and his colleagues advocated enlarging their
committee to include Karl Compton, Einstein, Pegram, and Sachs.

On November 17, Watson wrote Briggs that the President had noted
the report with deepest interest and wished to keep it on file for reference.
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The President also wanted to be sure that the Army and Navy had copies.
There was no further word from the White House until February 8, 1940,
when Watson told Briggs he intended to bring the report to the President’s
attention again. Was there anything Briggs could add as a personal recom-
mendation? Briggs replied on February 20 that the Army and Navy had
transferred funds “to purchase materials for carrying out a crucial experi-
ment on a satisfactory scale.” He hoped for a report in a few weeks. It would
show “whether or not the undertaking has a practical application.” These
brief sentences referred to $6,000 that the military services had granted for
the purchase of supplies for experiments with the absorption qualities of
graphite. By the time Briggs answered Watson, both the President and his
aide had departed on a trip that would keep them away from Washington
until about the first of March.'®

The little group that had sought to interest the President the preceding
autumn was dissatisfied. Early in February, Sachs obtained a copy of the
November 1 report from General Watson. Now he could see what was wrong,
he wrote Watson: the paper had been too academic in tone to make its
practical point. Sachs asserted that Einstein thought the situation looked
even better than earlier. Sometime during the coming month, the economist
announced, he would submit a new appraisal.’’

Meanwhile, Joliot-Curie reported his measurements of a uranium-
and-water system. The Frenchman’s encouraging results stimulated Szilard
to greater confidence in his own uranium-graphite approach. Rumors that
the Nazis had secretly intensified their uranium research made action seem
especially urgent. Again Szilard saw Einstein. Resorting to pressure tactics
in the hope of forcing Government action, he showed Einstein a manuscript
on a graphite system that he was sending to the Physical Review for publica-
tion. Einstein reported the new developments to Sachs. On March 15, Sachs
relayed the communication to the White House. In view of the brighter
experimental outlook, he asked, would the President be able to confer on the
practical issues it raised? **

The first response was disappointing. Watson replied on March 27
that he had delayed until he could speak with Colonel Adamson and Com-
mander Hoover. They had come in that afternoon, and Adamson had said
that everything depended on the Columbia graphite experiments. Under these
circumstances, Watson thought “the matter should rest in abeyance until we
get the official report.” Within a week, however, there was encouraging news
from the White House. On April 5, the President thanked Sachs for for-
warding the Einstein letter. He had asked General Watson, he said, to arrange
another meeting in Washington at a time convenient for Sachs and Einstein.
Roosevelt thought Briggs should attend as well as special representatives
from the Army and Navy. This was the most practical method of continuing
the research. . . . I shall always be interested to hear the results,” he said.
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The same day, Watson sent Briggs a copy of the letter to Sachs and asked for
suggestions “so that this investigation shall go on, as is the wish of the
President.” **

March, 1940, had brought a new interest in uranium. The develop-
ment that touched it off was the conclusive demonstration that uranium 235
was the isotope that fissioned with slow neutrons. While Fermi had been
investigating the chain reaction in natural uranium, Dunning had organized
his attempt to determine the fissionable isotope. He had persuaded Alfred O. C.
Nier of the University of Minnesota, the country’s foremost expert on the
mass spectrometer, to prepare small samples of partially separated U-235.
Dunning and his co-workers at Columbia, Eugene T. Booth and Aristid V.
Grosse, made the necessary measurements. In the March 15 and April 15
issues of the Physical Review, they presented definite confirmation of what
so many had suspected was the role of the lighter isotope.

This was an event of profound significance. If uranium 235 could be
concentrated, there seemed no question that a slow-neutron chain reaction
was possible. This meant power. A bomb, however, remained highly doubt-
ful. Some physicists already saw that a bomb depended on fission by fast
neutrons. If they had to rely on slow neutrons, the metal would tend to blow
itself apart before the reaction had gone far enough. It was questionable if
the resulting explosion would have sufficient magnitude to justify its cost.
The Dunning-Nier experiments indicated that uranium 238 would undergo
fission under fast-neutron bombardment, but it did not seem likely that the
heavier isotope would sustain a chain reaction. The cross section or proba-
bility of fission was too small. What about U-235? Might not it be susceptible
to fission by fast as well as slow neutrons? Some physicists thought it was
probable. If this were the case, there was a good chance of an explosive
reaction in a highly concentrated mass of the lighter isotope. Still, it was
only theory. All that was known definitely was that fast neutrons had a
lower probability of causing fission in U-235 than slow ones. In the absence
of samples substantially enriched in 235, physicists could not determine its
fast-fission cross section experimentally.?

Whatever might be the possibility of an explosive, the first task was to
prove the chain reaction. On March 11, Pegram sent Briggs advance word on
the role of U-235. On April 9, Briggs reported to Watson that it was “very
doubtful whether a chain reaction can be established without separating 235
from the rest of the uranium.” He recommended an intensive study of
methods of isotope separation. By this time, interest in uranium 235 had
spread widely. It found a focus at the meeting of the American Physical
Society in Washington the last week in April. There Gunn, Beams, Nier,
Fermi, Harold C. Urey of Columbia, and Merle A. Tuve of the Carnegie
Institution discussed its significance for the chain reaction. The next step, they
agreed, was to separate U-235 in kilogram quantities. Of the various possible
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methods, the centrifuge alone seemed to offer much hope. They decided to
try to acquire the funds necessary to determine its potential.*

On Saturday afternoon, April 27, the Advisory Committee on Uranium
met at the National Bureau of Standards. Joining Briggs, Adamson, and
Hoover were Admiral Bowen, Sachs, and four university physicists—
Pegram, Fermi, Szilard, and Wigner. Einstein again had declined to attend.
Of the scientists, Szilard was the most optimistic concerning the chain reac-
tion, though he could say nothing very explicit about the prospect for an
explosive. Sachs urged prosecuting the work more vigorously. If the Govern-
ment was not disposed to undertake it, he favored trying to finance it from
private sources. Sachs was impatient with Fermi’s conservative position. If
the United States would plunge ahead, he thought, the difficulties experienced
in the laboratory would tend to disappear. The Advisory Committee agreed
on the need for investigation, but it was ready to proceed on only a small
scale and a step or two at a time. As Briggs reported to Watson on May 9,
the committee did not care to recommend a large-scale try for a chain reac-
tion until it knew the results of the graphite measurements at Columbia.
These were expected in a week or two. If the large-scale experiment was
undertaken, the Army and Navy should supervise it at one of the proving
grounds. As for methods of separating isotopes, the committee favored sup-
porting the investigations of scientists in various universities but did not
favor attempting such studies on a secret basis.”?

Briggs made some progress in May. He spent the first day of the
month at Columbia. On the sixth, Pegram reported the consensus of a
conference with his colleagues Fermi, Urey, and Dunning. If support could
be obtained from the Navy or elsewhere, they favored tests on a laboratory
scale to determine which method appeared best for concentrating substantial
amounts of U-235. They proposed to enlist the principal isotope-separation
specialists and launch the work in June, when the academicians among them
could escape their teaching duties. On May 8, Pegram explained to Briggs
what was involved in proving the chain reaction in a uranium-graphite
system. On May 14, Pegram announced that Fermi and Szilard had found the
absorption cross section of graphite encouragingly small.*®

As the outlines of a sensible program emerged, pressure for action
intensified. Sachs had no intention of leaving everything to Briggs. He argued
the cause in May letters to Roosevelt and Watson. Now that Fermi and
Szilard had determined the characteristics of graphite, it was time to move.
The Nazis were overrunning Belgium; something should be done to safe-
guard the uranium ore of the Congo. The research program should have
larger financial support as well as a better and more flexible organization.
Perhaps a nonprofit corporation with official status under the President
could make the arrangements necessary to further the work.*

More important were the repercussions of the talks at the American
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Physical Society meeting. Gunn at once recommended to Admiral Bowen that
the Naval Research Laboratory foster a co-operative research effort. Ap-
prised a few days later of the Columbia proposals on isotope separation,
Bowen asked Urey to organize an advisory committee of scientific experts to
counsel the President’s Committee on Uranium. Urey conferred with Briggs
and soon had a list of physicists and chemists he thought would be helpful.

The stirrings at the Naval Research Laboratory were echoed a few
miles to the north at a private center for scientific research, the Carnegie
Institution. Tuve prepared notes for the information of his chief, Vannevar
Bush. Though Tuve thought submarine propulsion appeared more practical
at the moment than a bomb, he judged that the interests of national defense
justified trying to develop the centrifugal system of separation. His recom-
mendations led Bush to call a conference for May 21. The discussion con-
vinced him that the centrifuge deserved support. Bush telephoned Briggs that
he would wait to see what funds the Government furnished. If there should
be a gap, the Carnegie Institution might step in.”

Briggs was pleased at Bush’s assurances that his only purpose in
calling the conference was to determine how the Carnegie Institution might
be helpful. This kept the way clear for the scientific subcommittee. Briggs
and Urey soon settled on a membership consisting of Urey himself, Pegram,
Tuve, Beams, Gunn, and Gregory Breit, a professor of physics at the Univer-
sity of Wisconsin. This group reviewed the whole subject at the Bureau of
Standards on June 13 and advocated support for investigations of both
isotope separation and the chain reaction.?®

ENTER THE NDRC

A new force now appeared on the scene—the National Defense Research
Committee. An effort to organize American science for war, it owed its
existence to Vannevar Bush. A shrewd, spry Yankee of fifty—plainspoken,
but with a disarming twinkle in his eye and a boyish grin—Bush was well
known for his original work in applied mathematics and electrical engineer-
ing. During the first World War he had worked for the Navy on submarine-
detection devices. Though he then turned to teaching, his talent for invention
did not atrophy. From his fertile brain came many ingenious innovations,
including an essential circuit for the automatic dial telephone. In 1939, he
resigned the vice-presidency of the Massachusetts Institute of Technology to
become president of the Carnegie Institution, a post that put him close to the
nerve center of the embryonic defense effort. Soon he moved up from mem-
ber to chairman of the National Advisory Committee for Aeronautics, and
when war broke out in Europe, he cast about for some way of organizing
American science for the test that lay ahead. After discussions with Karl
Compton, with President James B. Conant of Harvard, with President
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Frank B. Jewett of the National Academy of Sciences, and with his colleagues
at the NACA, he evolved a plan for a committee that would have the same
relation to the development of the devices of warfare that the NACA had to
the problems of flight.

Early in June, 1940, when Nazi Panzer divisions were thrusting deep
into France, Bush persuaded President Roosevelt to place him at the head of
a National Defense Research Committee. Under the authority of the old
World War I Council of National Defense, from which it was to draw its
funds, the NDRC was to supplement the work of the service laboratories by
extending the research base and enlisting the aid of scientists. Even more
important, it was to search for new opportunities to apply science to the needs
of war. It could call on the National Academy and the National Research
Council for advice and on the National Bureau of Standards and other gov-
ernment laboratories for more tangible assistance. The NACA, already
functioning well under Bush’s leadership, lay outside the jurisdiction of the
new agency. Not so the Committee on Uranium. It was to report directly to
Bush, and the NDRC was free to support its work.”” The NDRC did not owe
its birth to uranium, but the pressure applied by those who had caught the
vision of a chain reaction made Bush’s organizational plan seem all the more
attractive.

The new committee was an important factor in mobilizing the scien-
tific resources of the nation. The NDRC did not have to wait for a request
from the Army or Navy but could judge what was needed for itself. It was
not limited to advising the services but could undertake research on its own.
For the uranium program, its creation was an event of great significance. It
freed uranium from exclusive dependence on the military for funds. More
important, it rescued this novel field of research from the jurisdiction of an
informal, ad hoc committee. By providing a place within the organizational
framework of the defense effort of American science, the NDRC made it
easier for nuclear scientists to advance their claims.

By the early autumn of 1940, Bush had reorganized the Committee on
Uranium and adjusted it to its new place in the scheme of things. Guided by
instructions from the President, he retained Briggs as chairman but dropped
Commander Hoover and Colonel Adamson because the NDRC was now the
proper channel for liaison with the military. To strengthen the scientific
resources of the group, he added Tuve, Pegram, Beams, Gunn, and Urey. The
new regime stressed security. One manifestation was the exclusion of any
foreign-born scientists from committee membership, a policy adopted in
deference to Army and Navy views and with at least one eye on future en-
counters with Congress. The other manifestation—arrangements for blocking
the publication of reports on uranium research—originated with the scien-
tists themselves. Szilard had sought in vain to accomplish this on an in-
ternational scale back in February, 1939. In the spring of 1940, Breit sparked
the establishment within the framework of the National Research Council of
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a reference committee to control publication of any research that had mili-
tary significance. Uranium fell within its scope; indeed, the desire to control
publication on fission phenomena prompted the ban.”

FORMULATING A PROGRAM

Though the NDRC would control the funds, it remained the duty of the
Briggs committee to formulate a program. One of its concerns was uranium
ore. There were no significant stockpiles in the United States, for the only
commercial use of uranium was as a coloring agent in the ceramic industry.
Of the 168 tons of oxides and salts American users consumed in 1938, only
26 came from domestic carnotite ores mined in the Colorado Plateau. The
remainder was imported: 106 tons from the Belgian Congo and 36 from
Canada. Early in June, 1940, Sachs urged Briggs to have someone make an
overture to the Union Miniére du Haut Katanga, the company that owned the
Congo mines. He thought Union Miniére might be persuaded to ship ore to
the United States and, while retaining title, commit itself not to re-export
without special permission. Briggs promptly authorized Sachs to make the
necessary inquiries. The company showed no immediate interest in such a
scheme, though later in 1940 its affiliate, African Metals Corporation, im-
ported 1,200 tons of 65-per-cent ore and stored it in a Staten Island ware-
house.”

Research, not raw materials, seemed the proper emphasis in June,
1940. Ore would become important when and if production was warranted,
but with funds limited and with so little known about the defense potential of
uranium, the Briggs committee did not deem it prudent to acquire large
stocks of raw materials. There would be time enough when research had
indicated the extent of the requirements,

The Committee on Uranium addressed itself to research on June 28.
It accepted the findings of its scientific counselors that ample justification
existed for supporting work on isotope-separation methods and for further
efforts to determine the feasibility of a chain reaction in normal uranium.
On July 1, Briggs gave Bush a report on his stewardship. He announced with
gratification that the War and Navy Departments had approved a thorough
study of separation. An allotment of $100,000 had already been made, which
the Naval Research Laboratory would administer with the advice and assist-
ance of the Committee on Uranium. That still left the chain reaction to be
provided for. Briggs urged that the NDRC set aside $140,000 for two types of
investigation: first, studies to determine more accurately the fundamental
physical constants and, second, an intermediate experiment involving about
one-fifth the amount of material judged necessary to establish the chain
reaction.®

The NDRC approved the uranium recommendations in principle on
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July 2 and asked Briggs to place them in definite form for consideration when
funds became available. Briggs arranged for full presentations by Pegram
and Fermi, and on September 6, Bush told him that the NDRC had agreed to
assign $40,000. This was enough to finance the work on physical constants
but not enough to undertake the intermediate experiment.*

RESEARCH: THE CHAIN REACTION

The chain reaction in natural uranium still had high priority despite the
demonstration that it was only the lighter isotope 235 that contributed to
slow-neutron fission. Many still thought that the expense made the isotope-
separation approach impractical. To them it seemed essential to strive for a
definite answer on unseparated uranium. If such a chain reaction did prove
possible, to what use should it be put? In the summer of 1940, American
scientists saw it first as a source of power. All of them, certainly, had thought
of the possibility of a bomb. Some believed that in achieving a chain reaction
they might gain understanding of what it took to make a bomb. But scientists
in America did not direct their thinking primarily toward a weapon. When
Pegram and Fermi outlined the research plans for the Columbia team in
August, they listed their objectives only as power and large amounts of
neutrons for making artificial radioactive substances and for biological and
therapeutic applications.

More than a year of research had left the prospects for a chain reac-
tion uncertain. The problem remained the same: to discover if enough of the
neutrons produced by fission survived to keep the reaction going indefinitely.
When one neutron produced fission, at least one of the neutrons emitted had
to live to repeat the process. If this reproduction factor, which physicists
were beginning to express by the symbol %, was one or better, the chain
reaction was a fact. If it was even slightly less than one, the reaction could
not maintain itself. In a uranium-graphite system there were three obstacles
to a satisfactory reproduction factor. One was nonfission capture of neutrons
by uranium. Another was their absorption by impurities such as might exist
in the moderator. A third was escape from the surface. The larger the system,
the less serious was the danger that the vital particles would be lost. This was
so because the volume of the mass, where neutrons produced fission, in-
creased more rapidly than its surface, where they escaped.

Fermi and his group at Columbia did not wait until the NDRC con-
tract came through on November 1, 1940. First, they checked their work of
the preceding spring on the neutron-absorbing characteristics of graphite.
Their technique was to introduce a few grams of radon mixed with beryllium
as a neutron source into a square column, or pile, of graphite a few feet
thick. As the neutrons diffused through the column, they induced radio-
activity in sensitive strips of rhodium foil that had been inserted as detectors.
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This was work that Fermi especially enjoyed. Since the radioactivity in the
rhodium was short-lived, the foil had to be placed under a Geiger counter
within twenty seconds. Fermi would race down the hall to his office, where
the counter had been placed to keep it from being disturbed by the neutron
source in the laboratory, put the foil in place, and then delightedly tap his
fingers in time with the clicking of the register. The measurements confirmed
not only the suitability of graphite as a moderator but also led to a mathe-
matical method for developing the life history of a neutron.

The second step for the Fermi team was to determine the average
number of neutrons emitted by natural uranium when it absorbed a slow
neutron. This was a value bound to be smaller than the number of neutrons
emitted per fission, since not every absorption by a uranium atom produced
fission. The experimenters rebuilt the graphite column to permit the insertion
of a layer of uranium in a region where practically all of the neutrons had
been slowed. Now it was easy to distinguish neutrons emitted by the uranium
from those originated by the source. The value Fermi derived, 1.73, was so
low that, although it did not rule out a chain reaction, it emphasized the
necessity of keeping parasitic losses to a minimum. During the course of
these experiments, Szilard brought forward the idea that if the uranium were
arranged in lumps instead of being spread uniformly throughout the
graphite, a neutron was less likely to encounter a uranium atom during the
process of deceleration, when it was particularly susceptible to nonfission
absorption. With heavy reinforcement from a new research group at Prince-
ton, the investigators turned to explore the possibilities of Szilard’s sug-
gestion. By the spring of 1941, they had accomplished enough to gain a good
understanding of the processes involved and of the arrangements most likely
to minimize the unfavorable factors.®

While the basic work of measurement was proceeding, the physicists
made plans to find out how large a pile with a given arrangement, or lattice,
of uranium lumps should be in order to maintain a chain reaction. One way
would have been to begin building a full-scale pile. When it started to react,
they would know the necessary dimensions. If it should become impractically
large without going critical, they could conclude that something was funda-
mentally wrong. But they had already rejected this crude and expensive
technique, for it would delay reliable judgments until large quantities of
materials had been amassed. A better method was to construct an inter-
mediate-sized, or exponential, pile. This would make possible an informed,
though not conclusive, opinion much earlier and at much less cost.®®

It proved difficult to acquire suitable materials even in small quan-
tities. Despite the co-operation of the Bureau of Standards, of Metal Hydrides,
a producer of powdered metal alloys, and of the research laboratories
of the Westinghouse and General Electric companies, the Briggs commit-
tee could find no dependable method of manufacturing either nonpyrophoric
uranjum powder or pure ingots. This disappointment forced the Co-
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lumbia experimenters to turn to uranium oxide, even though the chances
of success with this were less. Nor did it prove easy to acquire graphite low
in boron, an absolute essential because of the strong neutron-absorbing
characteristics of boron. By May, 1941, Briggs had placed orders for forty
tons of graphite with the United States Graphite Company and for eight tons
of uranium oxide with Eldorado Gold Mines, Ltd., of Canada. Not until these
orders had been filled would it be possible to proceed with the intermediate
experiment.**

The Fermi work at Columbia aimed at a uranium and graphite pile,
but the Briggs committee considered other moderators as well. In November,
1940, Nobel Prize winner Arthur H. Compton, brother of Karl and chairman
of the Department of Physics at the University of Chicago, suggested a
beryllium moderator. Beryllium had not only the essential low atomic
weight, he argued, but also the advantage that it would add rather than
remove neutrons and thus contribute to a successful chain reaction. Two
months later the NDRC let a contract for Samuel K. Allison to make the
necessary measurements at Chicago. Meanwhile, it had not been forgotten
that heavy water might be useful, both as a moderator and as an agent for
removing the heat generated in a uranium-graphite pile. Early in 1941, Urey,
the discoverer of heavy hydrogen, began to press for action. Urey, also the
winner of a Nobel Prize, was interested in the experiments of Hans von
Halban and Lew Kowarski. These co-workers of Joliot-Curie had fled to
England at the fall of France with a few bottles of heavy water which
constituted practically the world supply. Their studies now seemed to indi-
cate a good chance of obtaining a chain reaction in a heavy-water and
uranium-oxide system. Perhaps, Urey worried, the Germans were already
ahead in this approach. Americans should study methods for producing large
quantities of heavy water. By June, he had won Briggs’s support and had
done enough work himself to be able to submit a comprehensive report on
the subject.*®

RESEARCH : ISOTOPE SEPARATION

The big change in the uranium program after June, 1940, was the emphasis
on isotope separation. The proof of U-235 fission by slow neutrons had
dictated this second approach to the chain reaction. The scientists interested
in isotope separation recognized the possibility of a bomb, but most of them,
like the men working on normal uranium, were thinking mainly of a source
of power.

Isotope separation appeared incredibly difficult. An isotope differed
from its sister substances in mass—that is, in the number of neutrons in its
nucleus—but not in atomic number. For most practical purposes, therefore,
separation depended not on chemical methods but on some process involving
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a difference in mass. The task was especially troublesome in uranium, for the
weight differential was slight, and uranium 235 was present in natural ura-
nium in the ratio of only one part to one-hundred forty.*®

To most scientists, the high-speed centrifuge seemed the best bet. The
principle was as simple as that of the cream separator. Since the centrifugal
forces in a cylinder spinning rapidly on its vertical axis acted more strongly
on heavy molecules than on light ones, it was possible to concentrate them in
the peripheral areas. If the principle was applied to the separation of a
gaseous mixture of two isotopes, concentrations of the lighter isotope could
be drawn off at the center and top of the cylinder. A high degree of separa-
tion could be attained by running these concentrations through a series, or
cascade, of many such centrifuges. In 1919, Lindemann and Aston in England
had suggested the centrifuge for isotope separation, but the early attempts
had failed, for no one had been able to spin a tube rapidly enough. By 1939,
however, Beams had developed at the University of Virginia a high-speed unit
with which he achieved significant separation of chlorine isotopes. Beams had
found some real difficulties. It was easier to spin a short tube than a long one,
though long tubes were more efficient. Speed was limited by the strength of
the rotating tube. Particularly troublesome were the vibrations encountered
at certain critical velocities. It was necessary to accelerate rapidly through
these zones before the machine shook itself to pieces. But no one thought
these difficulties too serious. Purely mechanical, they would yield quickly to
a concerted research effort.

Appropriately, Beams received an important share of the funds the
Navy supplied for fiscal year 1941. He spun tubes of various sizes and tested
methods of applying the principle. First, he worked with compounds of
chlorine and bromine and with mixtures of gases. When uranium hexafluo-
ride, the only gaseous compound of uranium, became available, he achieved
concentrations of uranium 235. The yield, however, was not as high as theory
had indicated. Another wing of the effort was located at Columbia under
Urey, who had a long-standing interest in isotope separation. Its mission was
to develop a centrifuge suitable for industrial operations, but Urey quickly
concluded it was unwise to attempt specifications without additional explora-
tion. Accordingly, he turned to Karl Cohen, an able young mathematician,
and set him to work on theoretical calculations. By early 1941, Cohen had
established a body of theory that made it possible to design a unit of en-
couragingly short length which the Westinghouse Electric and Manufacturing
Company undertook to construct. Meanwhile, other workers at Columbia
developed meters for determining the rate of gas flow. By May, the apparatus
was about ready for the first experimental runs.*

Another possible method of separating the uranium isotopes was
gaseous diffusion. A gas would diffuse through a porous barrier if there was
high pressure on one side and low on the other. Since 1829, it had been
known that the rate of diffusion was inversely proportional to molecular
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weight. It followed that if a gas was a mixture of two isotopes, the molecules
of the lighter would pass through the barrier more rapidly and be present,
for a while at least, in concentration on the low-pressure side. If this process
could be repeated many times, a very high concentration could be achieved.
Aston had used the principle in 1931 to effect partial separation of neon
isotopes. Later, Harkins, a University of Chicago chemist, applied the method
to chlorine, while the German physicist, Hertz, achieved almost complete
separation of neon isotopes by recycling the gas through many stages.

During lunch at the Carnegie Institution conference on May 21, 1940,
George B. Kistiakowsky, a professor of chemistry, suggested gaseous diffu-
sion as a possible means of separating the uranium isotopes. At the time,
he was thinking of a diffusion apparatus that Charles G. Maier of the U. S.
Bureau of Mines had developed for separating mixed gases. The conference
believed that Kistiakowsky should be encouraged to investigate this and other
diffusion methods. During the days that followed, Kistiakowsky concluded
that the Maier system had certain grave defects, but he found the simplicity
of the diffusion principle so appealing that he decided to investigate the old
Hertz method. Early in July, Urey suggested the possibility of making
barriers of a special glass the Corning Glass Company had developed. Having
independently thought of the same possibility, Kistiakowsky initiated efforts
to procure samples. On October 14, he reported findings from his research on
glass barriers that he judged extremely encouraging.®®

By this time, others at Columbia besides Urey had become interested
in Hertzian diffusion—the physicists Dunning and Booth, the chemist Grosse,
and a professor of mechanical engineering, Karelitz. Pressed by other work,
Kistiakowsky bowed out, and in the winter and spring of 1941, Morningside
Heights became the center of research on gaseous diffusion. Reinforced by
Francis G. Slack from Vanderbilt, Columbia investigated a number of poten-
tial barrier materials with favorable results and moved on to more com-
prehensive studies.®®

The advocates of gaseous diffusion recognized that they faced for-
midable obstacles. The barrier—filter might have been a better name—
would need billions of holes with a diameter less than one-tenth the mean
free path of a molecule, about one ten-thousandth of a millimeter. A material
so delicate at the same time had to be strong enough to withstand a con-
siderable pressure differential and the mechanical strains of assembly. Like
the centrifuge, a gaseous-diffusion system would have to process the devil-
ishly corrosive uranium hexafluoride. This meant it would be difficult to
prevent deterioration of the equipment, contamination of the gas, and
plugging of the barriers. No leakage of air into the system could be tolerated,
for the water vapor would react with the gas to form uranium oxyfluoride,
which surely would clog the barriers and halt the operation. Nevertheless,
the gaseous-diffusion method seemed fundamentally sound. Though a plant
producing one kilogram of U-235 a day would require several acres of
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barrier area and thousands of stages, the process would be continuous, not
batch. It offered less likelihood of mechanical difficulty than did the centri-
fuge.

Of several other separation methods that scientists considered in the
spring and summer of 1940, liquid thermal diffusion was the most signifi-
cant. The first thermal-diffusion process to attract attention used gases, not
liquids. It was based on the tendency of the molecules of a mixed gas, when
confined in a container having a marked temperature gradient, to concentrate
in either the hot or the cold region. Experiments at Columbia and the Uni-
versity of Minnesota quickly established that this process was impractical for
large-scale separation. But Philip Abelson, now working at the Carnegie
Institution, thought of trying liquid rather than gaseous thermal diffusion.
On the recommendation of Briggs, who had discussed the matter with Bush,
the Naval Research Laboratory furnished funds to finance the research.
Abelson did the actual experimentation at the Bureau of Standards, where
facilities were better. The Navy, which hoped to concentrate uranium 235 in
order to develop a nuclear power plant small enough for submarines, became
enthusiastic about the prospects of the method. At the suggestion of Gunn,
Abelson transferred in the summer of 1941 to the Naval Research Labora-
tory, where higher steam pressures and superior shops were available.®

The weakest part of the Uranium Committee’s research program was
the study of fission by fast neutrons. Workers at the Carnegie Institution
reported measurements of the susceptibility of natural uranium to fission by
fast neutrons in July, 1940. When theoretical physicist Edward Teller saw
them, he thought they indicated a possibility for fast-neutron explosions. But
on the basis of the most likely assumptions, he estimated that a uranium
sphere of more than thirty tons would be necessary for an explosion. This
was not very encouraging.*’ About the same time, Briggs brought Gregory
Breit, now working at the Naval Ordnance Laboratory, into the picture. Breit
served informally at first, then as chairman of a subcommittee to co-ordinate
theoretical investigations. These included the slow-neutron chain reaction.
Fast-fission studies received very little attention and were clothed with the
deepest secrecy. They failed to have any direct impact on the course of the
American uranium program.

DISCONTENT AND REVIEW

The year 1941 opened on a note of strident controversy. Americans had
thrilled at the desperate air battles fought the summer before in English
skies. They had rejoiced in the victories of Royal Air Force fighter squad-
rons. Yet the defeat of the Luftwaffe had eased the tension only briefly. By
the end of the year, British credit was approaching exhaustion. The U-boats
tightened their grip. To keep Britain in the war required heroic measures.
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DONALD COOKSEY

UNIVERSITY OF CALIFORNIA PHYSICISTS, 1938 / Staff of the Radiation Labora-
tory and associated physicists under the yoke of the 60-inch cyclotron magnet.

Left to right

row 1: J. H. Lawrence, R. Serber, P. C. Aebersold, F. N. D. Kurie, R. T. Birge,
E. O. Lawrence, D. Cooksey, A. H. Snell, L. W. Alvarez, P. H. Abelson.

row 2: J. G. Backus, A. Langsdorf, J. G. Hamilton, S. J. Simmons, E. M. McMillan,
R. R. Wilson, W. M. Brobeck, E. M. Lyman, J. J. Livingood.

row 3: D. H. Sloan, R. Cornog, M. D. Kamen, W. B. Mann, J. R. Oppenheimer, E. S. Viez,
D. C. Kalbfell, W. W. Salisbury.
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SCIENTIFIC LEADERS OF THE S-1 PROJECT / Considering the feasibility of the 184-inch cyclotron project at Berkeley, March 29, 1940.
Left to right

Ernest O. Lawrence, Arthur H. Compton, Vannevar Bush, James B. Conant, Karl T. Compton, Alfred L. Loomis. Karl Compton and Loomis
served S-1 only occasionally.
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These took shape in January when the Administration introduced the Lend-
Lease bill in Congress. Though the measure passed both houses in March by
substantial margins, the fight that marked its course was among the most bit-
ter ever waged on Capitol Hill. Had it not been urged as a means of keep-
ing the United States out of war, the majorities might have been much less.
With Pearl Harbor nine months away, it was difficult for the American peo-
ple to face the fact that they probably would have to intervene by force of
arms.

During the long weeks of February and March, weeks fraught with
anxiety and torn by controversy, a small, yet significant number of American
scientists became extremely dissatisfied with the slow pace set by the Briggs
committee. They were convinced that the crisis required vigorous, even ruth-
less, research on uranium.

The central figure in the growing discontent was Ernest O. Lawrence.
The inventor of the cyclotron—now the hard-driving director of the Radia-
tion Laboratory at the University of California—was more alert than many
of his colleagues to the darkening war situation. A man known for his talent
as a promoter, he found himself pressed to do something not only by restive
American scientists but also by Ralph H. Fowler, the British scientific liaison
officer in Canada. By March, 1941, Lawrence was ready to ask questions,
even if it meant going out of channels. But his concern was not strictly a
political matter. More than anything else, this many-sided man was a physi-
cist. His involvement stemmed directly from achievements in his laboratory.

The most spectacular was the discovery of elements 93 and 94. When
news of uranium fission reached Berkeley, Edwin M. McMillan, a young as-
sistant professor of physics, devised an experiment to ascertain the energies
of the main fission fragments. In making his measurements, he noticed the
presence of another product—a radioactive substance with a half-life of 2.3
days. Since there was no evidence of energy release, he concluded that it was
not a fission fragment. It seemed reasonable to suspect that it was an isotope
of element 93, produced by the capture of a neutron by uranium 238 and
prompt subsequent decay. In the spring of 1940, McMillan and Abelson
(who happened to be west on a vacation) confirmed this interpretation with a
positive chemical identification. Element 93, McMillan suggested, should be
named neptunium after the next planet beyond Uranus, for which the ninety-
second element had been named. The two investigators suspected that neptu-
nium decayed to form an isotope of a ninety-fourth element with a mass of
239. Unfortunately, they did not succeed in proving it, for their work was in-
terrupted by Abelson’s return to Washington and McMillan’s departure to
assist in the radar program at the Massachusetts Institute of Technology. But
early in December, 1940, Glenn T. Seaborg, an instructor in chemistry at
Berkeley, obtained McMillan’s assent to continue the effort to find and iden-
tify element 94. A few days later, Seaborg, in collaboration with Joseph W.
Kennedy, another instructor, and Arthur C. Wahl, a graduate student, bom-
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barded uranium with deuterons—the nuclei of heavy hydrogen atoms—and
produced an isotope of element 93. In this, they observed evidence of 94. Be-
fore the end of February, 1941, they established chemically that they had in-
deed found an isotope of a new element.**

The significance of these discoveries, which depended so heavily on the
cyclotron and its utility in making samples of significant size, lay in the pos-
sibility that element 94 would prove fissionable. Physicists the world over
were free to speculate on this possibility, for McMillan and Abelson related
their work in the June 15, 1940, issue of the Physical Review. Even though
they did not report finding 94, their evidence left little doubt that it had been
present. It seemed likely that the new element would fission easily. Even be-
fore the McMillan and Abelson article appeared, Louis A. Turner of Prince-
ton had predicted both the way it was formed and its characteristics. In fact,
as early as the fall of 1939 Bohr and Wheeler had forecast that it would
undergo fission with slow neutrons. If 94 should prove fissionable, what
would it mean? At first it was viewed as a means of utilizing all the metal
in a natural uranium pile. The theory was that neutrons from uranium 235
would convert uranium 238 atoms into 94, which would be subject to slow-
neutron fission. Soon, the idea took hold that element 94 could be produced
in a pile and then separated chemically. Thus it would be possible to obtain a
substance perhaps as fissionable as uranium 235 without the tremendous ex-
pense of building isotope-separation plants.*®

Yet all of this was mere speculation. No policy decisions could come
until there was experimental evidence of 94’s fission characteristics. During
the Christmas season of 1940, a number of scientists saw the best way to
proceed: use one of the Radiation Laboratory cyclotrons for manufacturing
enough 94 to measure its nuclear properties. Emilio Segré, who had worked
with Fermi in Rome and now was a research assistant at Berkeley, suggested
the possibility to Fermi and Pegram during a visit to Columbia. About the
same time, the Uranium Committee asked McMillan to undertake the studies.
Committed to radar research for the immediate future, McMillan suggested
asking Seaborg to do the work and enlisting Lawrence’s personal support.
Actually, the idea had occurred independently to Seaborg and Kennedy, and
they had already planned their experiments. Meanwhile, the British were be-
coming interested in 94. When Fowler learned that Norman Feather and
Egon Bretscher had been working on it at the Cavendish Laboratory in Cam-
bridge, he urged Lawrence to prepare samples and make the necessary meas-
urements. Before this suggestion reached Lawrence, Seaborg’s crew, aug-
mented by Segré, Lad set to work. They bombarded uranium, this time with
neutrons, and found the 94 isotope, one with a mass of 239, that McMillan
and Abelson had predicted. By the middle of May, 1941, their tests proved
that 94 was subject to slow-neuiron fission. Before the month ended, Seaborg
reported to Briggs that 94 was about 1.7 times as likely as uranium 235 to
fission with slow neutrons.*
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The cyclotron thus opened an exciting new approach, but early in
1941, Lawrence began to toy with another idea that made action seem all the
more important. His new 60-inch cyclotron was operating well; why not con-
vert his 37-inch model into a super mass spectrograph? The mass spectro-
graph depended on the principle that the lighter particles in a high-speed
beam of jons—positively charged particles—were deflected to a greater de-
gree than the heavier ones as they passed through a magnetic field. The de-
vice had proved valuable in determining the relative abundance of the isotopes
of a substance and in obtaining the extremely small samples of concen-
trated uranium 235 used to prove that it was the fissionable isotope. The mass
spectrograph and the cyclotron had some striking similarities. Both required
a high-vacuum chamber and a large electromagnet. Conversion should not
prove difficult. Lawrence thought it would open the way to separate larger,
purer samples of uranium 235 for study and, eventually, to derive the lighter
isotope on a large scale.

On March 17, 1941, Lawrence conferred with Karl Compton and Al-
fred L. Loomis at Compton’s office in Cambridge. Loomis was chief of the Na-
tional Defense Research Committee’s Division 14, the focal point of research
in radar, while Compton had special responsibility in the same area as the
NDRC member in charge of detection, controls, and instruments. Lawrence
had known both men for many years, and in the last few months had done
yeoman service in helping them staff the radar organization. This raw New
England morning it was nuclear research that concerned him. In his infec-
tious way, he told of his excitement. He was sure there was a reasonable
probability of results useful in the present emergency. True, fission was not
his NDRC assignment, but his physicist friends had urged him to investigate.

That afternoon Compton telephoned Bush, then wrote him a letter am-
plifying his analysis of the situation. The British, he thought, seemed farther
ahead despite the fact that American nuclear physicists were “the most in
number and the best in quality.” More disquieting was the probability of ac-
tive German interest. But most disturbing was the functioning of the Com-
mittee on Uranium. It had put to work only a few American physicists, and
these were becoming more and more restive. The committee, which seldom
met, moved with painful deliberation. The program was so shrouded in se-
crecy that even those who were participating could not find out what was
being done in areas so closely related that they might well influence their
own experiments. Harold Urey, himself a member of the Uranium Commit-
tee, felt deeply frustrated. Some of the most promising lines of investigation
had received so little attention that the chances of developing an application
for use in the current emergency were impaired. Part of the trouble was
Briggs, who not only had heavy responsibilities in several directions—he was
a member of the National Advisory Committee for Aeronautics—but by na-
ture was also slow, conservative, and methodical. It was hard to know what
to do, Compton realized, but he had some suggestions. Bush might appoint
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Lawrence his deputy for ten days or two weeks with full authority to explore.
Lawrence might be able to provide an impetus, just as he had done with ra-
dar. Another possibility was to set up a parallel committee to consider possi-
bilities hitherto neglected. Perhaps Bush could make sure of more vigorous
administration if he gave Briggs a deputy who would be free to spend prac-
tically his whole time organizing the work.*

Two days later, Lawrence presented his plea directly to Bush in New
York. Bush, whose temper had a low boiling point, did not conceal his irrita-
tion. He was in a difficult position. His responsibility covered the whole range
of the contributions science might make to national defense. He was anxious
to support the uranium program to the extent it seemed likely to have mili-
tary significance in the near future, but he did not want to have to cope
with pressure tactics that might dangerously warp the scientific effort. He
believed that Briggs had done well in a situation which required a balanced,
reasoned approach. He proposed to back the Uranium Committee in its deci-
sions unless a strong case developed for his personal intervention. Still, Bush
was aware that there was considerable justification for some of the criticisms
that had been voiced. In a gesture well calculated to help Briggs, to contain
Lawrence, and to capitalize on Lawrence’s gifts and enthusiasm, Bush ar-
ranged for him to become a temporary personal consultant to Briggs.*" It
did not take long for Lawrence to effect some changes. Soon the National De-
fense Research Committee, on the recommendation of the Uranium Commit-
tee, voted funds to support work on elements 93 and 94 at Berkeley and to
enable Nier at Minnesota to produce five micrograms of uranium 235 with
his mass spectrometer. This last appropriation owed something, at least, to
British pressure. Fowler had urged Lawrence to do what he could to get a
sample of 235 for the English physicist John D. Cockeroft.

By the middle of April, 1941, Bush had decided to seek a review of
the uranium program by a committee of the National Academy of Sciences.
After sounding out Frank B. Jeweit, its president, he arranged for the Na-
tional Defense Research Committee to authorize a formal request at its
April 18 meeting. His motivation was partly political, for he saw the impor-
tance of maintaining good relations with the academy. He had already gone
to considerable lengths to see that Jewett was appointed to the NDRC. After
all, the NDRC in a sense had usurped the functions of the academy. But more
important, Bush felt the need of a dispassionate review by a group of com-
petent physicists not deeply involved in the subject. How much emphasis, he
wondered, was justified? A great deal of money could be spent on uranium,
but so far as he could see, no one had uncovered any “clear-cut path to de-
fense results of great importance.” Jewett selected what appeared to be a
strong committee headed by Arthur Compton of the University of Chicago.
Other members were Lawrence of California, John C. Slater of the Massa-
chusetts Institute of Technology, John H. Van Vleck of Harvard—all physi-
cists—and William D. Coolidge, a physical chemist who had just retired as
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director of the research laboratory of General Electric. Bancroft Gherardi,
the retired chief engineer of the American Telephone and Telegraph Com-
pany, could not serve because of illness. The task of the committee, as Jewett
defined it for Compton, was to evaluate the work already under way and to
judge if larger funds and facilities and more pressure would serve the na-
tional defense.®®

Compton’s group met with Briggs, Breit, Gunn, Pegram, Tuve, and Urey
at the Bureau of Standards on April 30. Briggs reported that the Committee on
Uranium had been seeking to determine whether fission could be utilized suc-
cessfully for explosive bombs, radiation bombs, and submarine power.
Theory, he said, indicated that a bomb would require at least a ten-fold con-
centration of U-235 to be small enough to be carried in an airplane. Accord-
ingly, a number of isotope-separation methods were under consideration. All
methods for quantity separation would be difficult and expensive. When cur-
rent studies revealed the most promising method, Briggs favored building a
pilot plant. But Briggs spent most of the time discussing the Columbia work
on the chain reaction in normal uranium. Compton came away with the im-
pression that the Committee on Uranium was interested primarily in the gen-
eration of power. The National Academy delegation gained no clear under-
standing of the chances for a bomb. Compton and Breit were not able to get
through to each other. A few months later, when an explosive was unques-
tionably the prime objective, Breit complained that the visiting committee-
men exhibited only a polite interest in a bomb, while Compton declared with
equal exasperation that he had been able to obtain only the barest outline of
a report on the theoretical investigations into its possibility.

On May 5, Compton’s committee met at Harvard. Here they dis-
cussed in some detail the relative merits of beryllium and graphite modera-
tors and heard a report by Kenneth T. Bainbridge, a Harvard physicist just
returned from an NDRC mission to England. The British, he said, took the
uranium work very seriously and believed there was some possibility of de-
veloping an explosive within two years. In their efforts to establish a chain
reaction, they were giving a great deal of thought to a heavy-water modera-
tor. Halban, whose Cambridge investigations in this area they considered
auspicious, was anxious to come to the United States to make closer contact
with American research. In isotope separation the leading figure was Franz E.
Simon of the Clarendon Laboratory at Oxford. He was hard at work on a
gaseous-diffusion system and hoped to have a yes-or-no answer regarding it in
July.®

Compton submitted a unanimous report en May 17 recommending a
strongly intensified effort in the next six months. The committee saw military
importance as depending on a slow-neutron chain reaction achieved with a
heavy hydrogen, beryllium, or carbon moderator. It proposed three military
applications. First came radioactive fission products which could be dropped
over enemy territory. Since the development of such weapons would require
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about twelve months after the attainment of a chain reaction, they would not be
available before 1943. In second place was an atomic pile which could gener-
ate power to propel submarines and other ships. Though this was a straight-
forward matter theoretically, the engineering difficulties were so great that it
could not be important for three years after the first chain reaction. Listed
last was the possibility of a bomb of enormous destructive power. It de-
pended on a strong concentration of uranium 235 or of some other element
subject to fission by slow neutrons. Viewing the problem optimistically, the
committee thought it probably would take three to five years to separate
adequate amounts of uranium 235. Possibly element 94, a potential substi-
tute for the lighter uranium isotope, could be produced abundantly in a
chain-reacting pile. Bombs made of 94 might be available twelve months after
the first chain reaction, but they probably were some years away. All in all,
Compton’s group did not anticipate atomic explosives before 1945. It consid-
ered a chain reaction easy if enough uranium 235 were available, but to ac-
quire this isotope in quantity meant erecting large, expensive plants of de-
signs still undetermined. On the other hand, the prospects of a chain reaction
in unseparated uranium were good. Perhaps eighteen months would suffice to
achieve it.

What should be done? The National Academy committee saw the
chain reaction in natural uranium as the most pressing concern. It recom-
mended full support for the intermediate experiment on a uranium-and-
graphite pile and for a pilot plant to produce heavy water. The committee
urged emphasizing the beryllium project for the next six months. It favored
continuing the isotope-separation studies but judged that they did not re-
quire such great stress. From an administrative standpoint, Compton and his
colleagues had some improvements to suggest. The Committee on Uranium
should be larger. It should pay more attention to the continuous interchange
of research information. Only by sharing information and conferring on mu-
tual problems could investigators make much progress. Finally, Halban
should be brought over at once. He could help American research along and
in turn take back to England information that might prove of value there.*

Bush and the National Defense Research Committee found the report
hardly the solution to their problems. Its emphasis on power did nothing to
allay fears that uranium had little military significance. Eventually atomic
power would revolutionize naval warfare, but the NDRC’s responsibility was
to prepare the United States for possible involvement in the current war, not
in some future conflict. The report mentioned bombs, but to discuss bombs in
terms of slow neutrons was to admit one had no very clear idea if and how
they could be made. And while Compton’s review was good in regard to ex-
perimental physics, its bold estimates on weapons and time schedules were
undocumented. Conant, a chemist and perhaps the most influential NDRC
member, was decidedly unimpressed. Bush put it tactfully when he wrote
Jewett that the NDRC, troubled at the thought of spending a large amount of
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government money on uranium, wanted to know “how far and how quickly
results could be put into practical use.” He wanted the study reviewed by
one or two first-rate engineers.”® Jeweit, himself a member of the NDRC,
promptly added Oliver E. Buckley of the Bell Telephone Laboratories and
L. Warrington Chubb of Westinghouse to the National Academy committee.
Since Compton had left for South America, Coolidge acted as chairman.

On July 11, 1941, the reconstituted committee reported that it had re-
viewed the earlier recommendations from an engineering standpoint and
could endorse them. The discovery that element 94 was subject to slow-neu-
tron fission had strengthened them. The uranium program should have sup-
port, not on the basis of definite plans for applications but simply because a
self-sustaining reaction was bound to have tremendous import. Nothing more
had been learned about separation methods to indicate early success, but be-
cause even moderate increases in concentration were important, the effort
should continue at its present intensity. Even more than in May, the chain re-
action in natural uranium promised success. A demonstration was needed.
This would reveal its potential and call forth such an increase in scientific
and engineering effort that practical utilization would follow rapidly. The ex-
periments under way sufficed for ascertaining fundamental data, but any
practical appraisal demanded investigations on a larger scale. These should
start immediately under a project type of organization devoted exclusively to
proving the chain reaction and exploiting its possibilities for national de-
fense.”

This report was no more helpful than the first. It placed no greater
stress on the possibility of a bomb. This was strange, for Lawrence had pre-
pared a “Memorandum Regarding Fission of Element 94,” which Coolidge
had attached as an appendix. The text mentioned the slow-neutron fission of
94 and referred to the appendix, but it did not point up Lawrence’s observa-
tion that a fast-neutron chain reaction was likely if large amounts of 94 were
available. Bush was disappointed because this second report did not give him
the information he had requested. He acknowledged to Jewett that some addi-
tional information on physics had been furnished, but he had wanted engi-
neering advice. What was the outlook for military applications? Should he
decide to push ahead, what did he have to face in terms of time, of money,
of difficulties? All these questions were taking on added significance, for Con-
gress had cut funds. It did not seem likely that enough money would be
available to finance a year’s work.®

While the National Academy was reviewing the program, Briggs was
preparing the Uranium Committee’s budget recommendations. He made his
plans in the light not only of the committee report of May 17, 1941, but of
the uranium work in the United Kingdom. In April, 1940, the British had es-
tablished a committee of scientists under the chairmanship of George P.
Thomson of the Imperial College of Science and Technology to examine
fission phenomena.
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Operating under the code name, the MAUD Committee, this group
had launched an effort quite similar to that in the United States except, as
might be expected in a country fighting for its very life, it was pointed more
directly toward a weapon. In the fall of 1940, the British established liaison
with the American committee. Fowler and Cockcroft met with Briggs’s group
at the Bureau of Standards. Later a number of British papers, including
minutes of the MAUD Committee, were sent to the United States, while cer-
tain American reports were delivered to Fowler for transmittal to England.
Briggs was working on his budget when he received the minutes of a MAUD
Technical Committee meeting held April 9, 1941. Two matters discussed
were of much interest. First, Rudoif E. Peierls of the University of Birming-
ham believed that the fission cross section of uranium 235 was large enough
to make practical the construction of a bomb of reasonable size. Second, Hal-
ban reported it would take a year to transmute one one-thousandth of the
uranium 238 in a graphite-uranium pile into transuranic elements. It would
be so difficult to extract element 94 in such low concentrations that a graphite
pile did not appear at all interesting as a means of producing it.**

Briggs submitted his recommendations to the National Defense Re-
search Committee on July 8. The basic objective, he stated, was to ascertain
whether a chain reaction was possible. A second was to determine through
intermediate piles at Columbia and Chicago and through associated theoreti-
cal studies the most promising dimensions, arrangement, and materials to be
used in the full-scale experiment on power production. Finally, the aim was
to continue work on separating uranium isotopes in quantity. Briggs now
urged isotope separation primarily for military purposes. He argued that a
ten- or twenty-fold increase in the concentration of uranium 235 was required
to produce a chain reaction in a mass small enough to be carried in an air-
plane.

Briggs proposed a grant of $167,000 for the chain-reaction work.
About two-thirds of this was to support studies in progress at Columbia,
Princeton, and Chicago, while the remaining third was to finance a contract
for the construction of a pilot plant and the development of suitable catalysts
for the production of heavy water. The centrifuge project should receive
$95,000 and the Columbia gaseous-diffusion experiments $25,000. Nier re-
quired $10,000 to analyze the isotope separation attained in the various trials
and to improve the mass spectrograph so that better samples might be avail-
able for measuring nuclear properties. A number of miscellaneous investiga-
tions—on the chemistry of uranium compounds, on proposed separation
methods, and on element 94—mneeded $30,000, and a like amount should be
available to cover administrative expenses and theoretical studies.

These budgetary plans showed clearly the influence of British think-
ing. Investigation of element 94, which the National Academy committee had
mentioned so hopefully, was to have only $8,000. Since this was to go to
study its production “by bombardment of U-238 and the subsequent contribu-



IN THE BEGINNING / CHAPTER 2

tion of 94 to the chain reaction by fission,” Briggs evidently was not im-
pressed by the American suggestion to separate it and use it as a substitute
for uranium 235. On the other hand, the separation of uranium 235, which
the National Academy reviewers had de-emphasized, was to have almost as
much financial support as the chain reaction. Heavy water, it was true, had
received support from the Compton group, but this program also owed its
existence to British optimism.*

Actually, by the time Briggs had drawn up his proposals, the National
Defense Research Committee had lost authority to act. The NDRC had been a
great step forward, but a year’s experience had revealed certain imperfec-
tions. Because it was a research organization, it was not well adapted to fill
the gap between research and procurement orders that engineers called de-
velopment. Another disadvantage was that the NDRC ranked equally with the
laboratories of the military services and with the National Advisory Commit-
tee for Aeronautics. There was no easy way to correlate the research of these
three agencies. Moreover, there was a crucial need for stimulating research
in military medicine.

The Office of Scientific Research and Development, which Roosevelt
established by Executive Order on June 28, 1941, was Bush’s effort to
remedy these defects at a single stroke. Located within the Office for Emer-
gency Management of the Executive Office of the President, under a director
personally responsible to the Chief Executive, the OSRD was to serve as a
center for mobilizing the scientific resources of the nation and applying the
results of research to national defense. The NDRC would continue, but within
the OSRD. Its function was to make recommendations on research and de-
velopment. The OSRD directorship went to Bush, and Conant replaced him as
chairman of the NDRC. The Committee on Uranium became the OSRD Sec-
tion on Uranium, soon designated cryptically as the S-1 Section.

The uranium program had not been the primary inspiration for these
organizational changes. Nonetheless, they had profound significance for its
future. Now the work was under the protective arm of the President. Should
Bush decide that an all-out effort was in the national interest, he could go di-
rectly to the White House for support. The prestige and power of the Presi-
dency would sustain him in dealing with other agencies of the executive arm,
particularly the military, on whose co-operation the success of the project
would so heavily depend.*®

TURNING POINT

July, 1941, was the turning point in the American atomic energy effort. Two
factors made for a basic change in the attitude of those who bore prime re-
sponsibility. One was the better prospect for using element 94. At Berkeley,
Seaborg and Segré measured its fission cross section for fast neutrons on five
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micrograms obtained by bombarding uranium in a cyclotron. They derive.d
the value, admittedly uncertain, of 3.4 times that of natural uranium. This
was encouraging, the more so because Coolidge of the National Academy
committee had sent in a report from Fermi which discussed specifically the
technical problems involved in a uranium-graphite pile. For the first time,
Bush told Conant, he had something like engineering data, and it seemed to
be “good stuff.” ™

The other factor, more important in effecting a new approach, was
news from Britain. On July 10, Charles C. Lauritsen, an NDRC armor and
ordnance specialist just back from London, talked with Bush in his office at
the corner of Sixteenth and P Streets. Eight days earlier, he had attended a
meeting of the MAUD Technical Committee at which Chairman Thomson
presented a preliminary draft report. Unanimously, the committee had rec-
ommended pushing a uranium 235 bomb project with all possible speed, the
necessary isotope separation to be accomplished by the gaseous-diffusion
method. Some days later, Bush and Conant received a copy of the draft re-
port forwarded from the NDRC office in London on July 7. Its basic premise
was the conviction that if pure 235 were available in sufficient mass, any neu-
tron produced—not just slow ones—could cause a fission. Since the bulk of
the neutrons would be fast, the chain reaction would develop so quickly that
an explosion of tremendous force would take place. How much uranium 235
would be needed for an efficient bomb depended mainly on the probability of
its fission by neutrons in the energy range of 500,000 to 1,000,000 electron
volts. The magnitude of this cross section was uncertain, for when working
with natural uranium, one could not be sure that some of the fission pro-
duced by neutrons with energies below 1,000,000 electron volts was not due
to 238. Measurements made at the Carnegie Institution in the United States,
combined with those of Frisch at Liverpool, indicated a minimum critical
mass—the smallest size that would maintain a chain reaction—in the neigh-
borhood of five kilograms. Since the nuclear element in a bomb would have
to be larger than its critical mass for good efficiency, ten kilograms seemed a
reasonable estimate of its size. Clearly, such a weapon could be carried in a
number of existing airplanes. Besides, it could be ready in time for use in
the present war, say, in two years.

There was a remote possibility, the drafters of the report believed,
that element 94 produced in a slow-neutron pile could be extracted and used
in a bomb, but they considered it 2 much surer bet to separate uranium 235.
Thermal diffusion was impractical. It was out of the question to suppose that
the electromagnetic method would yield even a few grams. Centrifuging was
based on principles that long had been understood, but it required precision
machinery of a type that so far had been attained only in a laboratory in-
strument. This left gaseous diffusion by far the most promising method of
separating uranium 235 on a large scale. To judge from the report, Simon
had gone further in developing a system at Oxford than Dunning and his col-
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leagues had at Columbia. All of this indicated that British scientists believed
uranium to have military significance worth a major effort. The best proof
of their serious intentions was that they raised the question of whether the
gaseous-diffusion plant ought to be built in England or in Canada or the
United States.®®

This report gave Bush and Conant what they had been looking for: a
promise that there was a reasonable chance for something militarily useful
during the war in progress. The British did more than promise; they outlined
a concrete program. None of the recommendations Briggs had made and nei-
ther of the two National Academy reports had done as much.” The scientists
at work in the United Kingdom were no more able or advanced than the
Americans. Fundamentally, the trouble was that the United States was not
yet at war. Too many scientists, like Americans in other walks of life, found
it unpleasant to turn their thoughts to weapons of mass destruction. They
were aware of the possibilities, surely, but they had not placed them in sharp
focus. The senior scientists and engineers who prepared the reports that
served as the basis for policy decisions either did not learn the essential facts
or did not grasp their significance. The American program came to grief on
two reefs—a failure of the physicists interested in uranium to point their re-
search toward war and a failure of communication.

On July 18, 1941, the National Defense Research Committee recom-
mended negotiating contracts to carry into effect the research proposed by
the Section on Uranium. This, however, was only an interim measure. The
United States was going to have to decide quickly whether it should launch
the industrial effort necessary to manufacture the bomb. The immediate prob-
lem was to determine the direction and scope of the preliminary investiga-
tions and to win support for the program, which would be expensive and
which had to be secret, from the only authority who could assure it, the
President of the United States.

While Bush and Conant were making their first moves, news of the
British intentions reached other American leaders. One channel was Marcus
L. E. Oliphant, an Australian physicist working on radar at the University of
Birmingham, who made a summer visit to the United States. At Schenectady,
he saw William D. Coolidge, the author of the second National Academy re-
port. Coolidge was amazed to learn that the British were predicting that only
ten kilograms of pure 235 would be required and that the chain reaction
could be effected by fast neutrons. So far as he knew, this information had
not been available in the United States when he submitted his report. Oli-
phant’s story, Coolidge told Bush, made a further study of separation by dif-
fusion look more important than the work based on the action of “slowed
down neutrons” that the committee had recommended. Oliphant also visited
Berkeley. Lawrence was so impressed with what Oliphant told him that he
insisted that the Australian prepare a statement summarizing the report of
the MAUD Committee. About the middle of September, Lawrence attended
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the celebration of the fiftieth anniversary of the University of Chicago. One
evening he met with Conant, Pegram, and Arthur Compton by the fire at the
Compton home, reported on what Oliphant had told him, stressed the impor-
tance of element 94 as an alternate route to a weapon, and gave vent to his
dissatisfaction with the slow pace in the United States. Conant, who already
knew the British plans, put on a show of needing to be convinced. Then he
sought to make Lawrence realize that an all-out effort, the only kind that
would yield significant results, would take the next several years of his life.
Compton listened avidly and went to bed that night seeing clearly the mili-
tary potential of uranium.

Yet there was an even more important result of Oliphant’s visit to
Berkeley. It inspired Lawrence to begin plans for converting his 37-inch cy-
clotron into a giant mass spectrograph. First, he intended to produce sam-
ples. A visit to Minneapolis convinced him that Nier did not have the equip-
ment to turn out the needed uranium 235 rapidly enough. But beyond this,
Lawrence had his eye on electromagnetic separation on a larger scale. Physi-
cists quite generally believed that what they called the space-charge limita-
tion made this method impractical. They assumed that a large beam of posi-
tively charged ions, repelled from each other by their like electrical charges,
would scatter hopelessly and disrupt any separating effect. Lawrence, how-
ever, suspected from his experience with cyclotrons that the presence of air
molecules in the vacuum chamber would have a neutralizing effect. Sensing
that he was on the right track, he determined to put his intuition to the test.”

Another courier through whom information from Britain reached
American scientists was George Thomson himself, chairman of the MAUD
Committee. On October 3, he delivered to Conant a copy of his final report.
In essentials it was the same as the draft Bush and Conant already had.
Thomson had discussed its substance freely with both the National Academy
committee and with the Section on Uranium, though he had avoided telling
them that the British scientists were exhorting their government to take up
uranium in a big way. The Briggs committeemen were impressed with the
optimistic British attitude toward the bomb, as Bush, Conant, Compton, and
Lawrence had been. They listened intently to Thomson’s discussion of gase-

ous diffusion. It confirmed their plans to send Pegram and Urey to investigate
at first hand.®

ROOSEVELT MAKES A DECISION

Meanwhile, Bush and Conant were making progress. They took their initial
step, strengthening the Section on Uranium, before the first of September,
1941. To the section itself they added Allison, Breit, Edward U. Condon of
the Westinghouse Research Laboratory, Lloyd P. Smith of Cornell, and
Henry D. Smyth of Princeton. They dropped Gunn in accord with the NDRC
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policy not to have Army and N avy personnel as members of the sections, but
they expected him to continue to perform a liaison function. Tuve they re-
lieved so that he might devote his entire efforts to another vital war project,
the proximity fuze. They retained Briggs as chairman and Pegram as vice-
chairman. They established a subsection on power production under Pegram
and one on theoretical aspects under F ermi, while they put Urey at the head
of groups devoted to isotope separation and heavy water. They assigned pan-
els of consultants to the subsections. Now the uranium work had more repre-
sentative leadership and broader participation.

Next, Bush asked the National Academy committee to review the situ-
ation once more. He had already strengthened the committee by arranging
for the appointments of Warren K. Lewis, the dean of American chemical en-
gineers, of Harvard’s George B. Kistiakowsky, one of the couniry’s foremost
explosives experts, and of Chicago’s Robert S. Mulliken, an authority on iso-
tope separation. Bush spelled out for Arthur Compton just what he wanted.
Most important was information on a uranium 235 bomb, particularly its
critical mass and its destructive effect. He also needed tentative design data on
a gaseous-diffusion plant. Less important, he would like a review of available
data about a heavy-water pile. He had no desire, he said, to limit the efforts
of the reviewing committee, but one thing should be understood. The ques-
tion placed before it was the technical one. What should or should not be
governmental policy was outside its sphere. If the committee could come
through with the information Bush had requested, he would have an inde-
pendent check on the British work. He would have as well the data he needed
concerning the scope and direction of an intensified American effort.®

Bush did not wait for Compton’s committee to report before seeking
support at the highest level. Urged on by Conant, whose initial doubts had
vanished, he had already decided that the United States had to expand its re-
search and discover what was really involved in building a production plant.
Back in July, 1941, he had briefed Henry A. Wallace on the status of Ameri-
can uranium research. He wanted to keep the Vice-President informed, for he
was one man sitting in high councils who had the scientific background to
grasp the subject readily. Now, the morning of October 9, the same day he
sent Compton his instructions, Bush conferred at the White House with
Roosevelt and Wallace. He outlined the British conclusions, mentioning the
amount of uranium necessary for a bomb, the cost of a production plant,
and the time needed to achieve a weapon. He explained that this did not add
up to a proved case but depended primarily on calculations backed by some
laboratory investigation. Hence, he could not state unequivocally that an at-
tempt would be successful. At some length the three discussed the sources of
raw material, the little that was known about the German program, and the
problem of postwar control. From this meeting emerged a number of under-
standings. Most important, Bush was to expedite the work in every possible
way. He was not, however, to proceed with any definite steps on an “ex-
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panded plan”—on construction as opposed to research and planning—until
he had further instructions from the President. When the time came to build,
some direction independent of the current investigative framework would
have to be devised. It would be best if the necessary construction were done
jointly in Canada. Roosevelt, who understood that a great deal of money
would be required, said he could make it available from a special source at
his disposal. Bush was to prepare a letter that would serve to open dis-
cussion with Britain, “at the top.” Finally, the President emphasized that
Bush should hold the matter closely. He restricted consideration of policy to
himself, Wallace, Bush, Conant, Secretary of War Henry L. Stimson, and
Army Chief of Staff George C. Marshall. He told Wallace to follow up on any
details that required attention.®

This White House conference was an event of prime importance on
the journey that ended at Hiroshima and Nagasaki. Bush now had the author-
ity, not to make a bomb, but to discover if a bomb could be made and at
what price. When this investigation should point the way to a production pro-
gram, he would need further Presidential sanction. Until then he had virtu-
ally a free hand.

Arthur Compton, who knew nothing of the October 9 decision, went to
work at once on a third National Academy report. At Columbia he talked
with Fermi and Urey. Fermi had estimated that the critical mass of ura-
nium 235 could be as little as twenty kilograms, but thoroughly conserva-
tive in temperament, he would not exclude the possibility that it might
be as high as one or two tons. These estimates did not give anything very
definite to go on, but Urey, as well as Dunning, was optimistic about the
chances for separating the isotopes. At Princeton, Wigner was confident that
a uranium-graphite pile was a feasible method for producing element 94. And
Seaborg of California, to whom Compton talked in Chicago, was confident he
could work out large-scale chemical methods for extracting 94 from uranium
bombarded in a pile.®

To focus the attention of his committeemen, Compton drafted a tenta-
tive report for discussion at an October 21 meeting at the General Electric
Research Laboratory in Schenectady. This was a useful technique which pro-
duced a full review. Lawrence led off by reading Oliphant’s summary of the
MAUD Committee report. J. Robert Oppenheimer, a young Berkeley physi-
cist who had been invited at Lawrence’s insistence, took an active part in the
talk on the physics of the bomb. Though he recognized the uncertainties in
the case, he thought that about one hundred kilograms was a reasonable esti-
mate of the uranium 235 needed for an effective weapon. Consideration of
the methods of separation centered around a comprehensive review of the
subject by Robert S. Mulliken, who had visited the various centers of re-
search. From discussion at the meeting, written comments submitted later,
and his own calculations, Compton fashioned a draft which, after some
changes, became the final document. Lawrence had been concerned by the
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tone of the Schenectady meeting. There had been a tendency to emphasize
the uncertainties and the possibility that uranium would not be a factor in
the war. This attitude was dangerous, he thought. “It will not be a calamity
if when we get the answers to the Uranium problem they turn out negative
from the military point of view, but if the answers are fantastically positive
and we fail to get them first, the results for our country may well be a tragic
disaster.” His fears, however, were assuaged by the final document. He
thought it “an extraordinarily good statement.” ®

The basic conclusion of the report, which Compton submitted to Presi-
dent Jewett of the National Academy on November 6, 1941, was that a “fis-
sion bomb of superlatively destructive power” would result from assembling
quickly a sufficient mass of uranium 235. “Sufficient” could hardly be less
than two kilograms or more than one hundred.®® These were wide limits, but
they stemmed from the prevailing uncertainty about the fission cross section of
the lighter isotope, an uncertainty that could not be remedied until larger and
better samples were at hand. Speed of assembly was essential. A bomb would
be fired by bringing together parts, each less than the critical mass, into a
unit that exceeded it. If a stray neutron triggered a reaction before the parts
were thoroughly put together, a fizzle, not a powerful explosion, would re-
sult. Since uranium had some spontaneous fission, which meant that neutrons
would be present, this was a possibility, but it did not seem likely to cause se-
rious difficulty. The bomb would have tremendous destructive force, but just
how much was still uncertain. Since only a small part of the energy locked
in the uranium could be released before the mass blew apart and the reac-
tion stopped, the available explosive energy per kilogram of uranjum would
be equivalent to no more than a few hundred tons of TNT. Besides, it was
known that fast explosions involving small masses were less effective than
slower explosions of the same energy involving larger masses. Following the
judgment of Kistiakowsky in this matter, the report estimated that one kilo-
gram would have a destructive effect equivalent in TNT to only about one-
tenth of its available explosive energy. Though this was significantly lower
than the estimate on which the British were proceeding, Compton, as he indi-
cated in a footnote, thought even this might be too high.

The separation of isotopes could be accomplished in the necessary
amounts, the National Academy committee concluded unhesitatingly. There
was not enough information available to judge the British version of gaseous
diffusion, but the Columbia system looked feasible, even though it might be
slow in development. The centrifugal method appeared practical and was fur-
ther advanced than gaseous diffusion. It was important to study both from an
engineering viewpoint. Other methods deserved investigation, but these
seemed further from the engineering stage. One possibility was the mass spec-
trograph. At the moment, it should be used to obtain samples for experi-
mental work. Any estimate of the time needed to develop, engineer, and
produce fission bombs could only be rough, but given all possible effort, they
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might be available in significant quantity in three or four years. The separa-
tion process would probably be the most time-consuming and expensive
part of the work. This too could be estimated in only the roughest way, but
something in the range of $50 million to $100 million seemed reasonable.
Other costs in connection with producing the bombs would probably be
around $30 million.

How should this analysis be translated into action? Certain work,
comparatively modest in scale, had to be done immediately. Trial units
of the centrifugal and gaseous-diffusion systems had to be built and tested.
Samples of separated uranium 235 had to be obtained for tests on its
nuclear properties. While this was being done, engineering of the separation
plants should start in order that plans would be ready when more exact in-
formation about the requirements was known. So much for the tasks directly
ahead. The time had come for some organizational changes. Since isotope
separation was at the development stage, a competent engineer should direct
it. His efforts, of course, would have to be co-ordinated with the research pro-
gram. To make the best progress in research, the major tasks should be as-
signed to key men, men of ability and integrity who had proved themselves.
They should have adequate funds to use according to their best judgment.

The report was clear, concise, and as unequivocal as the circum-
stances permitted. Yet it omitted altogether the possibility of using ele-
ment 94 as a substitute for uranium 235. Compton had referred to it in the
draft he prepared after the Schenectady meeting. Even if a 235 bomb should
prove impossible, he had stressed the importance of proceeding with isotope
separation and the chain reaction. This would lead to the development of
valuable power sources and to the production of 94, “which may itself be-
come a practical means of producing a fission bomb.” But that section was
dropped from the final report. Just why and at whose initiative was not ap-
parent, but to omit it was good tactics. Bush had emphasized that he was pri-
marily interested in the possibilities for a uranium 235 weapon. He and Co-
nant felt justified in striving only for military results useful in the current
war. It was the failure to point out definite prospects for a bomb that had
so long delayed an intensive American effort. Nothing had happened to make
general references to a source of power or of other interesting by-products
impressive now. Element 94, which depended on the chain reaction, seemed
to offer hope for a weapon, but in November, 1941, it was hope alone. In
September, Fermi at last had made a test of the chain reaction with his inter-
mediate pile, a graphite column eight feet square and eleven feet high,
through which lumps of uranium oxide were dispersed in a lattice arrange-
ment. Disappointingly, his measurements gave a value of only 0.87 for %, the
reproduction factor. There was promise that by improvements in purity, in
geometry, and in density of uranium, & could be raised above 1, but it had
not been proved.”” Until it was, there was no way to make large quantities of
94. Besides, it was not even known that 94 emitted neutrons on fission. Men
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like Compton and Lawrence might feel in their bones that the 94 program
was practical, but their faith would not have seemed very convincing in the
cold print of a report.

The National Academy report gave Bush information he needed.
Though more conservative than the British recommendations in highlighting
uncertainties, it confirmed the conclusion of scientists in England that ura-
nium 235 could be separated and made into an effective bomb. The report
made valuable suggestions on how to proceed and how to organize the work.
Yet it was not responsible for the decision to go ahead with an intensive in-
vestigation. The President had made that decision on October 9. On Novem-
ber 27, Bush sent the report to Roosevelt, pointing out in a covering letter
that he was forming an engineering group and accelerating physics research
aimed at plant-design data. He also reiterated his understanding that he
would await Presidential instructions before committing the United States to
any specific program. The report required no action at the White House. Not
until January 19, 1942, did Roosevelt send it back with a note in his own
handwriting: “V. B. OK-—returned—I think you had best keep this in your
own safe FDR.” %

PLANNING THE ATTACK

The main task now confronting Bush was to reorganize the uranium pro-
gram for a quick decision on a production plant. The basic idea. which
had taken shape before the end of November, 1941, was a product of the
recommendations of the National Academy committee and of conferences
with Compton, Briggs, and Conant. Those with Conant were especially im-
portant, for he and Bush had become a smooth team, each respecting and
trusting the judgment of the other. In essence, the new organization called
for a planning board to make engineering studies, for the designation of sci-
entific personnel to lead the research effort, and for Bush himself as OSRD
director to co-ordinate research and engineering.”

Working out the details came next. On the recommendation of War-
ren K. Lewis, Bush recruited Eger V. Murphree, a young chemical engineer
now vice-president of the Standard Oil Development Company. to become
chief of the Planning Board. Bush assured him that this was a temporary as-
signment only and instructed him to recommend other persons for the board,
stressing that he wanted it staffed by chemical engineers of standing. That
Bush should turn to chemical engineers was significant, for in this specialty
the United States was strong. Thanks largely to Lewis’ teaching at the Massa-
chusetts Institute of Technology and to the demands of the oil industry in the
years between the wars, the United States had a corps of engineers well
grounded in basic physics and highly skilled in developing and operating
large industrial chemistry complexes. Bush continued to keep the Uranium
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or S-1 Section informed. He had Briggs tell a December 6 meeting that
though the committee’s concern was science and not broad policy, it could
rest assured that the matter would be pushed. Then Briggs outlined the or-
ganizational plans that were taking shape.”

It was more than just organizational machinery. Information kept
rolling in that had to be weighed in determining the direction and scope of
the effort. Urey, just back from England, sent Bush on December 1 a pre-
liminary report on the British work. He and Pegram agreed with the British
that the Simon method of gaseous diffusion looked most likely to succeed
and should have first priority. The Columbia system was not far enough
along to evaluate properly. It might become the best method, but no one
thought this probable. The second best approach to isotope separation ap-
peared to be the centrifuge. It promised, though, to be about twice as expen-
sive and to require more time after it was built before it could turn out
product. The French scientist Halban, Urey reported, was convinced that the
best chance for a chain reaction useful for power production lay in employ-
ing metallic uranium and heavy water.™

Fully as significant as Urey’s report was the thinking of Lawrence
and Compton on the possibilities of element 94. Early in December, Law-
rence sent Compton a letter reporting that measurements by Kennedy and
Wabhl at Berkeley indicated a spontaneous-fission rate in 94 no higher than in
uranium 235. This was heartening, and Lawrence emphasized that 94 might
prove the shortest route to a weapon. Compton saw Conant and Bush and
made a strong case over lunch at the Cosmos Club for the chain reaction in
natural uranium. After convincing them the objective was a bomb and not
power, he won their support.”

Lawrence had suggested the importance of 94, but his primary con-
cern was an electromagnetic process for separating isotopes. On his own ini-
tiative, first with laboratory funds and then with a grant from the Research
Corporation, he had diverted some of his best men from the 60-inch and
184-inch cyclotrons and assigned them to converting the older 37-inch unit.
Briggs promised financial support and sent Nier out to Berkeley to help. Nier
sent back encouraging reports on the enthusiasm at Berkeley. He was con-
vinced that the Radiation Laboratory would be able to achieve its immediate
objective, the preparation of U-235 samples.”™

In the rush of the first week after Pearl Harbor, Bush completed his
plans. In letters of December 13 to Briggs, Murphree, Urey, Compton, and
Lawrence he spelled out the details. The Planning Board, Murphree at its
head, would be responsible for engineering aspects. It would make engineer-
ing planning studies and supervise all pilot-plant experimentation or en-
larged laboratory-scale investigations. Its job, in short, was to see that the
plans were available when the time came to enter the production phase. The
active direction of physical and chemical research would be divided among
three program chiefs. Urey would be in charge of separation by both the dif-
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fusion and the centrifuge methods and of heavy-water investigations. Law-
rence would take responsibility for small-sample preparation, electromag-
netic separation methods, and “certain experimentation on certain elements
of particular interest involving cyclotron work”—less cryptically, element
94. Compton would be concerned primarily “with the fundamental atomic
physics and particularly with the measurement of constants and properties.”
Translated, this meant his spheres were weapon theory and the chain reac-
tion for producing 94. The S-1 Section would continue under Briggs, and all
research chiefs, along with Murphree and Conant, would sit with it. The sec-
tion would meet frequently to interchange information, review the work of
the program chiefs, and co-ordinate the scientific attack.

In the new organization Bush assumed a central role. The Planning
Board was to recommend contracts to him as director of OSRD. He would
take responsibility for integrating the engineering studies with the fundamen-
tal research. Bush would place the contracts for scientific research on the
basis of recommendations from S-1, though it was not expected that the full
committee would have to pass on each one. Normally, these would be chan-
neled through Conant. When quick action was required, any program chief
could communicate directly with Briggs and Conant and the three make rec-
ommendations directly to Bush.™ This arrangement made Conant, chairman
of the National Defense Research Committee, more important than ever, but
it left no place for the committee itself. A few days later Bush explained
formally to Conant that the entire uranium program would henceforth lie en-
tirely outside the NDRC. He had received “special instructions” which made
this desirable. This was a reference to Roosevelt’s insistence that policy con-
siderations be restricted, apart from Conant and Bush, to Wallace, Stimson,
and Marshall. To continue the uranium program under NDRC auspices would
have extended knowledge of the effort to a degree that the President never
was willing to permit.”

Three days after Bush’s letters were sent to Briggs, Murphree, and
the program chiefs, a top-level conference called by Wallace reviewed the
whole situation, including the reorganization and the report of the National
Academy committee. Joining the Vice-President at the Capitol were Stimson,
Bush, and Director of the Budget Harold D. Smith, who was there at Wal-
lace’s invitation. General Marshall had been called away on other business,
and Conant was down with a cold. The entire group felt that the fundamen-
tal physics and engineering planning, particularly the construction of pilot
plants, should be expedited. (Later, after the conference, Smith offered as-
surances that if OSRD resources proved too low, he could supply money from
funds the President controlled.) Bush stated his view that when full-scale
construction started, the Army should take over. To this proposal no one ob-
jected. Bush favored assigning a well-qualified officer to the program at once
so that he might become thoroughly familiar with it. Finally, Bush saw that
all understood that relations with Great Britain on matters of general policy
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were in the hands of the President and that the existing liaison was of tech-
nical and scientific information. This evoked no dissent, but the desirability
of a joint Anglo-American plant in Canada was the subject of some discus-

sion.™

END OF THE BEGINNING

Now the arrangements were complete. Back in October, Bush had won White
House sanction for a full-scale effort to explore the possibilities for an
atomic weapon. After a review by top scientists and engineers, he had reor-
ganized the program and marked out the main lines of endeavor. A panel of
the President’s most trusted advisers had approved the preliminary steps. The
time had come to act. On December 18, the full S-1 Section met at the Bu-
reau of Standards to learn the new disposition. The way was open for letting
contracts. A start came that day. After hearing Lawrence’s plea for large-
scale electromagnetic separation, the committee recommended assigning him
%400,000.™

To achieve this much had been slow and painful. It was easy for
vounger men to complain that senior scientists and engineers had been slow
to comprehend the meaning and potential of fission. It was easy to blame
preoccupation with security. While secrecy was imperative in a world al-
ready at war, it was sometimes misdirected and self-defeating.

But it was also easy to fail to appreciate the position of men who held
high responsibility. No scientist, no engineer held as much as Bush and Co-
nant. Conceivably, they might have moved earlier. But Bush had assumed a
tremendous burden in June of 1940: the creation of an entirely new relation-
ship between science and government in the interests of national defense. He
had to think of personalities and politics as well as technology. He and Co-
nant had to look at uranium in the light of the entire role that science
might play in the emergency. They had to turn a deaf ear to blue-sky talk
of nuclear power plants and think of weapons. They had to navigate between
the Scylla and Charybdis of excessive pessimism and soaring optimism. They
had to set a course by the Pole Star of fact.

Two weeks after Pearl Harbor, all this was ancient history. The
United States was at war. The goal Bush and Conant had seen so long was
clear to everyone. Gone was the confusion of objectives. Gone too was the old
day of leisurely research with its almost mystical faith that society could de-
pend on the largely undirected, unplanned, and capriciously financed efforts
of Ionely toilers in the scientific vineyards. Gone was the hesitation, so pro-
nounced just two short years before, to spend public money on the theories
of a few research men. American science would never be the same. The United
States would never be the same. The world would never be the same.



EXPLORING THE ROUTES
TO THE WEAPON

In 1941, Bush and Conant had succeeded in focusing atomic energy re-
search on the development of a weapon for the present war. They had created
the necessary organization under the OSRD and had obtained the President’s
approval of their plans to investigate the possible routes to a weapon.

Now the fate of S-1 rested with the working scientists and engineers
led by the three program chiefs and the chairman of the Planning Board.
Few men seemed better qualified for this assignment. Compton and Lawrence
were accomplished directors of research enterprises; Urey, a scientist of ex-
traordinary prestige; Murphree, a seasoned executive in industrial engineer-
ing. But their task was not easy. Devising an atomic weapon would be diffi-
cult enough. Doing it quickly would take all the experience and ingenuity
at their command.

MAN WITH A MISSION

Arthur Compton left the meeting of the S-1 Committee in Lyman Briggs’s
office on December 18, 1941, fired with a missionary zeal. He was respon-
sible for the theoretical studies and experimental measurements necessary for
producing element 94 and the bomb. Important as these were, however, the
demonstration of the chain reaction was far more urgent. If the production of
94 was to receive fair consideration, Compton knew he would have to prove
its feasibility within six months.!

The next day, Compton discussed his job in greater detail with Bush
and Conant. For research at Columbia and Princeton on exponential piles
and measurements of physical constants, he would need eighty men and
$340.000 for the next six months. Corresponding figures for Chicago were
fifty-eight men and $278,000. These projects, plus the preparation of uranium
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235 and plutonium samples at Berkeley, added up to 150 men and $650,000.
On top of this, Compton wanted another $500,000 for pile materials. A few
months earlier, the same request would have seemed fantastic. Now, after
the momentous events of the previous ten days, Bush and Conant thought the
plan reasonable.

Back in Chicago, Compton faced the stern realities of organization.
Unlike Lawrence and Urey, he did not have a centralized project on his own
campus. The news of the Hahn-Strassmann discovery had spawned hurried
studies of nuclear reactions at a dozen universities, several of which were
deeply engaged in experiments on the possibilities of a chain reaction. So
diffuse were these activities that Compton could never concentrate them all
in one laboratory, but some degree of consolidation was mandatory. Before
the Christmas holidays, Compton invited the research teams at Columbia,
Princeton, and California to a planning session in Chicago.

The Chicago meetings beginning on January 3, 1942, demonstrated
the need for organization.” Compton found the several groups in disagree-
ment even on the results of research already completed. The physicists soon
reconciled the discrepancies in experimental data concerning the pile but
found it harder to agree on specifications and procurement methods. As for
future assignments, Compton could do litile more than approve for the time
being the projects already started at the various sites. Fermi would build a
new exponential pile at Columbia. Allison would construct a pile using beryl-
lium as a moderator at Chicago. Wigner and the Princeton group would con-
centrate on the theory of the chain reaction, and Oppenheimer would direct
paper studies of the fast-neutron reaction at Berkeley. Norman Hilberry and
Richard L. Doan would help Compton organize the project with special at-
tention to procurement.

A second meeting, at Columbia on January 18, went more smoothly
than the Chicago sessions.® The discussion on Sunday morning rambled, but
it finally drifted back to events at Columbia. The group formed by Robert
Bacher at Cornell in 1941 had, since the Chicago session, discovered an error
in the intensity ratings assigned to some of Fermi’s neutron sources. As a re-
sult, Fermi had underestimated the poisoning effect of boron. The corrected
values now indicated much more rigid purity specifications for pile graphite
and uranium. The Princeton group also had some interesting theoretical
points to offer. Quickly assimilating the new information, Fermi explained its
effect on his plans for a new exponential pile.

After lunch, the physicists inspected the Columbia pile experiments in
Schermerhorn Laboratory and returned to Pupin, where Compton outlined
his time schedule:

By July 1, 1942, to determine whether
a chain reaction was possible.
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By January, 1943, to achieve the first
chain reaction.

By January, 1944, to extract the first
element 94 from uranium.

By January, 1945, to have a homb.

With this timetable no one could quarrel, but there were differences
of opinion about Compton’s efforts to procure uranium metal. He explained
that with Bush’s permission he had written the members of the National
Academy committee for their advice on purchasing thirty tons of metal for
pile experiments. He had also approached Murphree, whose Planning Board
was responsible for procuring materials. Szilard, always impatient with
bureaucratic machinery, suggested bypassing the Planning Board. Bush
settled the question the next day in Washington. He would approve the thirty-
ton purchase, but Murphree would retain the procurement function.*

As often happened, Compton’s hardest decision had human as well as
technical implications. Late in the afternoon, the Columbia meeting had dis-
integrated into a free-for-all discussion of the merits of centralizing research
at one site. As he listened to the argument, Compton realized he would have
to decide soon. The issue was already distracting the scientists. After return-
ing to Chicago, Compton analyzed the technical considerations with Law-
rence. They agreed that as a minimum all research on the chain reaction
should be conducted at one site. There would be added advantages in cen-
tralizing all work on producing uranium metal and separating element 94
from irradiated uranium. It seemed hardly practical, however, to concentrate
all the basic nuclear research already under way in the universities.

Since concentration of the entire project was impossible, the solution
was to find the best combination of personnel and equipment. Compton and
Lawrence first concluded that Berkeley was the best choice mainly because it
would be impossible to move the giant cyclotron magnets. Objections from
Washington and Columbia reopened the question, which was not settled un-
til Saturday afternoon, January 24, when Compion, sick in bed with influ-
enza, decided to bring the Columbia and Princeton groups to Chicago.’ The
transfer of men and equipment would occur over a period of months so as
not to disrupt experiments already in progress. Most of Fermi’s group would
not come until spring, when, Compton hoped, experiments would demon-
strate a favorable value of k.

In the final days of January, 1942, Compton organized the Metallurgi-
cal Laboratory and authorized experiments at Chicago, Columbia, and
Princeton.® Until other groups could be moved to Chicago, Compton found
adequate working space by appropriating most of Eckart Hall, part of the
large cyclotron room, and the area under the West Stands of Stagg Field. To
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co-ordinate the dispersed activities of the laboratory, Compton designated
Doan as director with Fermi, Allison, and Wigner as co-ordinators of the re-
search, experimental, and theoretical aspects of the chain reaction. Breit
would continue to co-ordinate fast-neutron research at a half-dozen universi-
ties, while Szilard would be in charge of the supply of materials. For the
time being, Seaborg would keep his research on plutonium chemistry at
Berkeley. With this organization and the small supply of uranium oxide
and graphite Compton hoped to show by April 15 whether a chain reaction
would in fact be possible.

Initially, Compton was relying on the exponential pile which Allison
was constructing in the racquets court under the West Stands. The stacking of
high-purity graphite and uranium-oxide units continued during February un-
til Allison had a block ninety inches on a side resting on a twelve-inch
wooden base. I'wo horizontal channels at right angles in the bottom four
inches of the pile permitted the insertion of radium-beryllium neutron
sources. By the first of March, Allison was ready to begin the complicated
measurements which might indicate the possibilities of a chain reaction.’

What the results would be, no one knew. But even Compton did not
let his enthusiasm hide the realities. On February 10, he urged Conant to or-
der one or two tons of heavy water and a kilogram of uranium 235 in case
the experiment with natural uranium and graphite failed.

HOPES FOR A SHORT CUT

Even more spectacular than the pile project was Lawrence’s electromagnetic
method of separating the 235 isotope. Late in November, 1941, Lawrence had
assembled a special task force of his best scientists and technicians to convert
the 37-inch cyclotron. The flat cylindrical vacuum tank was rolled out of the
eight-inch gap between the magnet poles, and the cyclotron equipment within
the tank was replaced by hastily built components of a mass spectrograph.
Controls for the ion source, which closely resembled Nier’s, pierced one side
of the tank. Electrical heaters vaporized solid uranium chloride in the source.
The vapor then flowed to a second chamber, where electrons from a heated
cathode ionized the gas. A slit two inches long and 0.04 inch wide per-
mitted a ribbon of positively charged ions to escape into the vacuum tank.
An electrode with a very large voltage just in front of the chamber acceler-
ated the ion beam. In a plane perpendicular to the magnetic field, the beam
would follow a circular path about two feet in diameter to the receiver on the
opposite side of the vacuum tank. After traveling through a 180-degree
path, the heavier 238 ions could be expected to hit the receiver a small frac-
tion of an inch farther from the center of the tank than would the 235
ions. Between the source and receiver, a movable shield with a narrow de-
fining slit permitted the operator to select the best part of the beam. The re-
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ceiver was a small metal cylinder with a long slot in one side. The operator
could control the position of the slot so that the beam would pass through it
and hit the collector.® (Figure 1)

Figure 1. The first mass-spectrograph components in the 37-inch cyclotron tank, No-
vember, 1941.

When the device was first operated on December 2, 1941, a very small
beam of about five microamperes reached the receiver. Lawrence was elated.
The beam was ten times as large as Nier’s. Although only a small fraction of
the vaporized charge was ionized, at least half the ions leaving the source
were singly charged, the best type for isotope separation. The succeeding
experiments in December were largely attempts to attain stable operation.
Most of the receivers were designed to measure beam current and not to col-
lect separated isotopes, but before the end of the month beams as large as
fifty microamperes showed a small enrichment to about 3-per-cent uranium
235. This performance was hardly significant even for the production of sam-
ples in microgram quantities, but there were important implications for the
future. The experiment showed that Lawrence’s hunch had been correct: the
space charge would not spoil the beam. Apparently the beam ionized enough
residual gas in the vacuum tank to neutralize much of this effect.

It was also evident that with a few simple refinements and adjust-
ments, the apparatus could produce the uranium 235 samples for both
American and British experiments. With OSRD support, this hope was real-
ized early in 1942. By January 14, a nine-hour run with a beam of fifty mi-
croamperes produced eighteen micrograms of material enriched to 25-per-cent
uranium 235. Improved techniques and a larger ion source made it pos-
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sible early in February to get good resolution of a beam as large as 1,400
microamperes. By the middle of the month, three samples of about sev-
enty-five micrograms each, containing 30-per-cent uranium 235, had been
prepared for the Metallurgical Laboratory and the British.®

Figure 2. The first “calutron:” the original C-shaped tank in the 37-inch cyclotron,
February, 1942.

In part, more people were needed to exploit fully other methods of
using electromagnetic forces to separate isotopes. Theoretically, if a uniform
kinetic energy was applied to an ionized gas containing two different isotopes,
the lighter ions would travel a greater distance than the heavier in a given
time. A series of very high speed shutters or high frequency electrodes at
precise intervals along the ion path could trap one isotope and permit the sec-
ond to continue to the target. This technique eliminated the need for a
sharply focused beam; in fact, the ionized gas could radiate in all directions.
Once the ions were in motion, they could move by free flight to the target;
the difficult process of bending them into a precise circular path could be
eliminated.

In 1941, Lawrence’s group had already built a linear chopper that
used mechanical shutters geared up to very high speeds. Other groups took
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advantage of recent accomplishments in electronics, particularly in the de-
velopment of very-high-frequency, high-power oscillator tubes. At Princeton,
a group under Henry D. Smyth and Robert R. Wilson developed a device
which they named the “isotron.” Using the principle of the klystron tube,
they accelerated a cylindrical ion beam and then bunched the isotopes by ap-
plying a very-high-frequency voltage to a set of grids part way down the
linear tube. Lloyd P. Smith and others at Cornell studied a radial source
using the principle of the magnetron tube. In the devices they built at Berke-
ley in the early months of 1942, the ion source was in the center of a cir-
cular vacuum tank. Electrodes surrounding the source accelerated the ions
radially into a magnetic field. The heavier ions would be collected at the
periphery of the tank; the lighter ions would eventually return to collector
plates in the center. An elaboration of the magnetron separator was the ionic
centrifuge proposed by Joseph Slepian at Princeton. Experiments with all of
these methods demonstrated that they could separate isotopes, especially of
the lighter elements, where the relative difference in weights was large.’® No
one method, however, seemed to have the capability of the mass spectrograph
to produce large quantities of uranium 235 in the short time available.

Even as the operation of the unit in the 37-inch magnet improved dur-
ing February, Lawrence was preparing a better model. He planned to replace
the cyclotron tank with a new vacuum chamber shaped like the letter C to
conform to the semicircular path of the ion beam. (Figure 2) The smaller
volume might eliminate some of the persistent leaks in the 37-inch system. A
new ion source capable of producing a ten-milliampere beam replaced the
original one-milliampere unit. This was installed in one end of the C, while
the other end held the collector. In contrast to the small probe-type collectors
used in the cylindrical tank, the new receivers had a boxlike appearance.
(Figure 3) Two narrow slits carefully machined in copper or tungsten re-
ceived the beams, which penetrated pockets within the box where they were
trapped by the bevelled edges of the openings. To prevent the high-energy
beam from melting the components, the collector contained a water cooling
system and was insulated to operate at high voltage. A water-cooled copper
liner inside the tank between the source and the receiver was insulated so that
it could be maintained at the high negative voltage of the accelerating elec-
trode and thus keep the ion path free of electric fields which would distort the
beam.

The new unit, now called a “calutron,” was installed in the 37-inch
magnet in February. Within a week it was producing somewhat more than
rated capacity. As Lawrence excitedly told Bush by telephone, the new unit
measured up to expectations in every way.’ He was already planning to
build a 100-milliampere source and had broached with the university ad-
ministration his long-cherished idea of using the 184-inch magnet for the
great cyclotron to provide the field for ten calutrons, each rated at one-tenth
of an ampere.
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Lawrence’s progress had indeed been spectacular, but even more im-
pressive was his style. His daring, courage, and irrepressible optimism were
contagious. He inspired his staff to sweat over tedious jobs with no thought of
time, his superiors in the university to cut red tape, and his seniors in
Washington to see heady visions of an early weapon. When Bush visited
Berkeley in February, he found the atmosphere in the laboratory “stimu-
lating” and “refreshing,” and he thought it advisable to warn Lawrence that
he should not let his group’s enthusiasm for this project slow up efforts along

other lines.*?

COOLING

WATER LINE |

\‘

Figure 3. An early box-type collector for the 37-inch calutron with separate pockets for
the two beams, April, 1942,

BRIEF REIGN OF OPTIMISM

The excitement at Berkeley was the inspiration for the special report which
Bush sent to the President on March 9, 1942. After surveying the prospects
and uncertainties of other production processes, Bush saw that recent work at
Berkeley might mean a short cut to the bomb. “If full success is attained in
certain crucial experiments now under way, there is a possibility of produc-
tion of fully practicable quantities of material by the summer of 1943, with
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a time savings of six months or more.” *® He also noted that the United States
was strong in research on electromagnetic processes.

Bush placed his greatest emphasis on what he saw as new reasons for
being optimistic about the power and efficiency of nuclear weapons. Here he
relied on a report from Arthur Compton. In fact, Bush chose simply to
translate Compton’s report into the layman’s language which the President
would understand. The size of the critical mass now appeared close to the
lower end of the broad scale suggested in the report of the National Academy
committee. As Compton explained, Norman P. Heydenburg, an expert in
neutron measurements at the Carnegie Institution, had discovered with the
aid of better samples from Nier that more than 80 per cent of the fissions
produced by fast neutrons occurred in uranium 235. This meant that the
fission cross section for the 235 isotope was near the middle of the range
estimated in the Academy report. New cross-section data from Breit and
Oppenheimer gave a critical mass for a sphere of uranium 235 between 2.5
and 5.0 kilograms, compared to the 2- to 100-kilogram range in the Academy
report.

Bush also thought the efliciency of the fission weapon would be
greater than that suggested in the Academy report. Oppenheimer’s calcula-
tions showed that 6 per cent of the theoretical energy available would be
liberated in the detonation. This could be compared to 2 per cent in the
Academy report. Because the mass of a nuclear weapon would be much less
than that of a TNT bomb, the destructive effect of the energy liberated would
be only about one-tenth that of a conventional weapon of the same power. In
a footnote to the Academy report, Compton had suggested that the destructive
effect might be much lower. In January, Bush had asked Kistiakowsky to
re-examine the data and both were now convinced that the higher value was
correct.'* Therefore Bush felt it justifiable to tell the President in layman’s
terms that the “estimates of the efficiency are now higher, by a factor of
three, than they were at the time of the previous report.” In other words, the
bomb might have a destructive effect of 2,000 tons of TNT, as against the 600
tons estimated earlier.

Bush was also more confident about detonating the weapon. The
Academy committee had doubted whether the chain reaction could be de-
layed until the fissionable material was completely assembled. As Compton
admitted, he could not answer with certainty until physicists had determined
the amount of spontaneous fission in uranium 235. But the smaller critical
mass of the weapon now estimated by Oppenheimer would make possible a
shorter assembly time and thus reduce the probability of predetonation.

Bush might have added another reason for optimism: the strong pos-
sibility that element 94, even more fissionable than uranium 235, might be
produced in the chain reaction. Yet he omitted this possibility which fired the
imagination of Compton and his staff at the Metallurgical Laboratory.
Probably Bush hesitated because the chain reaction had not yet been demon-

61



62

THE NEW WORLD / 1939-1946

strated. However radiant were Compton’s predictions of the future, they
somehow seemed pale and elusive beside the solid accomplishment of
Lawrence’s super mass spectrograph, the gaseous-diffusion process, and the
centrifuge. Certainly Bush and Conant could not be accused of taking an
overly conservative position. Only in a few minor instances did Bush scale
down for the President an estimate made by his scientific advisers. In most
cases, he took the more optimistic position and added a note of caution that
the “estimates depend upon the calculations of theoretical physicists, based
on difficult measurements on exceedingly small quantities of materials.”
Even these caveats scarcely conveyed to the reader the extent to which the
conclusions of the report were based upon great masses of postulation held
together by a thin thread of experimental fact. In terms of the new informa-
tion acquired, there was little justification for the March 9, 1942, report. It
reflected not so much new knowledge as a greater confidence in the con-
clusions hastily drawn in November, 1941, and a growing optimism that
fissionable material could be produced in a relatively short time. As Bush
told the President, the project was rapidly approaching the pilot-plant stage
and he believed that by summer the most promising methods could be
selected and production plants started.

THE PLANNING BOARD

The work of Eger V. Murphree’s Planning Board was indeed prosaic when
compared to the excitement at Berkeley, Columbia, and Chicago. Murphree’s
assignment, however, was no less important to Bush and Conant, who saw
something reassuring about the fact that isotopes had been separated in the
laboratory long before uranium fission had been discovered. With their
guidance, Murphree selected for his committee four outstanding engineers,
two of whom had previously been associated with S-1. Both Warren K. Lewis
and L. Warrington Chubb had served on the National Academy committee.
Chubb, as director of Westinghouse Research Laboratories, had also been
responsible for experiments on high-speed centrifuges for isotope separation.
Percival C. Keith, a dynamic young Texan who like Murphree studied under
Lewis, had gained practical experience with several engineering firms since
leaving Cambridge. As vice-president of the M. W. Kellogg Company, he had
already tried gaseous diffusion to separate hydrogen from methane. One of
the nation’s largest chemical engineering corporations, Union Carbide &
Carbon, was represented on the board by George O. Curme, a specialist in
hydrocarbons who had served with Lewis’ chemistry section in the NDRC.

With the direct approach of the engineer, the Planning Board took up
its duties early in January, 1942. Its assignment was to determine whether the
table-top methods used at Columbia and the University of Virginia could
serve as industrial processes for separating uranium isotopes on a massive
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scale. At their meeting on January 7, Murphree and his associates saw their
job in four parts.*® The first was to build at least one experimental centrifuge
and one gaseous-diffusion unit of industrial size for engineering tests. The
second was to design pilot plants which would use a number of separative
units to demonstrate the feasibility of the process. The third task was to
secure adequate supplies of uranium oxide, metal, and hexafluoride. A
fourth concern was to produce a modest supply of heavy water for the
nuclear pile in the event graphite proved an unsatisfactory moderator.

GASEOUS DIFFUSION AND THE CENTRIFUGE

What the Planning Board knew about gaseous diffusion had come from
Kistiakowsky’s investigations and from research at Columbia University in
1940 and 1941. By the latter part of that period, Dunning, Booth, Slack, and
others were producing and testing barrier materials, including naturally
porous substances, various metal alloys, and metal powders.” They had tested
samples no larger than a coin in laboratory equipment that separated carbon
dioxide from hydrogen. Similar samples they subjected to a stream of
hexafluoride gas to check corrosion resistance and flow. Before the end of
1941, the Dunning team had tried to achieve some separation of the uranium
isotopes, but they did not have a pump even of laboratory size which could
operate with the corrosive gas. By the time the Planning Board first met,
Dunning could report no positive results.’”

At its first meeting the board approved research at Columbia on a
single gaseous-diffusion unit and an engineering study of the process. Keith
would direct a study of a pilot plant at Kellogg and would analyze the re-
quirements for a large commercial plant. But Keith soon found he would
have to develop components before he could start pilot-plant design. In the
following months he sent Kellogg men to Columbia to investigate barrier
development and the design of separative units. Keith also had to work from
the ground up on high-speed pumps which would operate with the process
gas over long periods without leaks. He supplemented research on pumps by
Henry A. Boorse and others at Columbia by contracts with major pump
manufacturers.’® Columbia continued more fundamental studies on the cor-
rosion resistance of materials and the properties of potential seal and lubri-
cating substances under the OSRD contract. The result was that Keith was
not ready to give serious thought to pilot-plant design until the late spring of
1942,

Engineering development of the centrifuge had started even before
the first meeting of the Planning Board. When, at the time of his appointment
in December, Murphree learned of the Columbia development contract with
Westinghouse, he requested the company to submit a proposal for additional
studies. At its first meeting the board recommended that Bush authorize
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Westinghouse to obtain aluminum forgings and parts for twenty-four addi-
tional centrifuges to be installed in a pilot plant. To expedite matters,
Murphree agreed to undertake the necessary engineering studies for the plant
at the Standard Oil Development Company.

As engineers, the members of the Planning Board could see the diffi-
culties in scaling up the centrifuge process to a production capacity of
significance to the war effort. The basic design for a single unit was difficult
enough. Even if one such unit were successful, there was no certainty that a
plant would be feasible on the scale contemplated. Urey and Cohen esti-
mated that, for a plant producing a kilogram per day of very pure uranium
235, they would need between forty and fifty thousand centrifuges with
rotors one meter in length. The possibility of keeping so many high-speed
units in continuous operation seemed almost incredible. The Columbia group
estimated that if four-meter rotors could be built, the number of centrifuges
could be reduced to something on the order of ten thousand,’ but the longer
rotors would be more difficult to accelerate through the critical vibration
frequencies. Westinghouse investigated the long rotor during the spring of
1942.

A second possibility was to build a smaller centrifuge plant, at least
initially. A plant producing a hundred grams per day would require only
about six thousand one-meter centrifuges, which Westinghouse estimated they
could produce at a rate of a thousand per month, beginning six months after
the Government placed the order. Late in January, when Lawrence was
troubled about the need for uranium 235 even in small quantities, he had
urged the S-1 Section to support the construction of the smaller centrifuge
plant. To this appeal Compton added the plea in his February 10 report for at
least one kilogram of uranium 235 in the event a chain reaction proved im-
possible with normal uranium. Late in February, the board recommended
engineering studies at Westinghouse on the hundred-gram plant, but in view
of more fundamental problems encountered during the winter, the decision
had little significance.®

The fact was that in both gaseous diffusion and the centrifuge, engi-
neering development was going to take time. In gaseous diffusion Keith
found it possible to concentrate research, for a time at least, on metal bar-
riers. However, variables in the process and materials were so great that he
could not think of specific plans for large-scale barrier production. Uranium
isotopes had been separated only a few times on a laboratory scale with very
low enrichment of uranium 235, and the design and construction of an
industrial-size separator was just beginning five months after Kellogg started
work. Results were no more encouraging with the centrifuge. Beams at the
University of Virginia had completed two runs with uranium hexafluoride
through a one-meter tube of the simple flow-through type. The degree of
enrichment, from 0.72- to 0.73-per-cent uranium 235, was said to be con-
sistent with theory, but was too small to indicate definite results.?® At
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Bayonne, New Jersey, Westinghouse had hardly begun to solve the problems
of designing and constructing a single centrifuge of industrial size. In the
meantime, the company had to delay work on four-meter rotors and the
twenty-four units for the pilot plant.

PROCUREMENT OF MATERIALS

The Planning Board’s responsibilities for procuring key materials included
the purchase of uranium oxide. As the board surveyed the potential sources
in January, 1942, the situation seemed favorable. The largest readily avail-
able supply was the 1,200 tons of Belgian ore stored on Staten Island. The
Belgians also had 100 tons of oxide at the Port Hope refinery operated by
the Eldorado Gold Mines on the north shore of Lake Ontario. Eldorado had
300 tons of its own concentrate at Port Hope and could produce 300 tons per
year from its mine on Great Bear Lake near the Arctic Circle. The only
sources in the United States were on the Colorado Plateau, where at least
500 tons of oxide remained in sludges from the vanadium refineries operated
by the Vanadium Corporation of America and the U. S. Vanadium Corpora-
tion, an affiliate of the Union Carbide and Carbon Corporation. The board
estimated in January it would need not more than 250 tons of oxide per year
to operate a plant producing one kilogram of uranium 235 per day. Thus,
unless other demands arose, not more than 150 tons of oxide would be re-
quired before the summer of 1944. This amount was small in comparison
with the more than 2,000 tons then known to exist in North America. In
February, the board recommended purchasing 200 tons of uranium oxide
from Eldorado. From this amount, 45 tons would meet Compton’s require-
ments. The purchase would also insure operation of the Eldorado mine in
the summer of 1942.%#

At the time the Planning Board was established, virtually no uranium
metal meeting nuclear specifications had been produced in the United States.
The Lamp Division of the Westinghouse Electric and Manufacturing Com-
pany had prepared small quantities for speciality items, but the process
involved a photochemical reaction of the uranium oxide with potassium
fluoride, which could be accomplished only by sunlight. With large vats
installed on the roof of its plant at Bloomfield, New Jersey, Westinghouse
estimated that it would be difficult to produce more than one ton of uranium
metal per month, even under ideal weather conditions.”®

A second and more promising source of metal was a process developed
some years earlier by Peter P. Alexander of Metal Hydrides, Inc. In 1941,
Alexander had succeeded in producing uranium metal in pound quantities in
his plant at Beverly, Massachusetts, by reacting uranium oxide with calcium
hydride. The process seemed susceptible to large-scale production, and the
Columbia laboratory in January, 1942, had ordered six new furnaces for the
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Beverly plant. The process had its disadvantages. First, the product was
finely divided powder which was highly pyrophoric and therefore very diffi-
cult to melt and cast. Second, as a result of Compton’s January 18 meeting in
New York, Murphree lowered the permissible boron content in the metal from
four to two parts per million. The calcium hydride which Alexander had al-
ready procured was now unusable. The distillation of extremely pure calcium
was finally achieved with help from Clement J. Rodden of the National Bu-
reau of Standards and from the Union Carbide & Carbon Corporation after
many months of experimentation.

Final development of the process had to wait until new equipment
could be procured for large-scale production in the two plants. Westinghouse
did not receive the equipment for its Bloomfield plant until late in April, and
Metal Hydrides could not install the last of nineteen new furnaces until the
middle of May.?* In the meantime, the two companies could produce metal
only in pound quantities rather than in the tons needed for the pile program.

Uranium was also needed in large quantities as hexafluoride, the only
stable compound known to exist as a fluid at ordinary temperatures. This
unique property made its use mandatory in the centrifuge, gaseous-diffusion,
and thermal-diffusion processes, despite its many disadvantages. Gram quan-
tities of hexafluoride had been produced as early as 1931 for Aston’s
gaseous-diffusion experiments by fluorinating small samples of uranium
metal. A more practical process resulted in 1940 from Philip Abelson’s work
at the Naval Research Laboratory on the thermal-diffusion process.”® Abelson
found he could make the material more easily and safely by fluorinating
uranium tetrafluoride rather than metallic uranium. His process was much
more economical in the consumption of fluorine and made possible the use of
natural uranium compounds which were easily converted to the tetrafluoride.
Since early 1941, Abelson’s small plant at the National Bureau of Standards
had provided all the hexafluoride for the isotope-separation experiments at
Columbia, Virginia, and the Navy laboratory. Before the end of 1941, Gunn
and Abelson had placed a small order with the Harshaw Chemical Company
at Cleveland, Ohio, to acquaint it with the process. The Planning Board
supplemented this early in 1942 with a contract to build and operate a pilot
plant producing ten pounds of hexafluoride per day. By spring, the Harshaw
plant was operating, and du Pont was also experimenting with the process.
Both companies expected soon to produce hexafluoride on a limited scale
and then rapidly expand production.?

The Planning Board had also to honor Compton’s request for one or
two tons of heavy water. Both Urey at Columbia and Hugh S. Taylor at
Princeton had already investigated production methods. Knowing that
Taylor had one of the few laboratory supplies of heavy water produced in
the United States, Urey had invited him early in the summer of 1941 to study
large-scale production techniques. Taylor experimented first with a hydro-
gen-water exchange process at Princeton. In such a plant, there would be an
advantage in using hydrogen produced by the electrolytic process, which in
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itself achieved a small enrichment of the heavy isotope. A British subject,
Taylor knew that the Consolidated Mining & Smelting Company at Trail,
British Columbia, was the largest producer of electrolytic hydrogen in North
America. Before the end of 1941, he visited Trail and convinced the Con-
solidated management that it would be practical to operate the heavy-water
equipment as a loop in the Trail ammonia plant. Thus, the heavy-hydrogen
isotope would be extracted from the hydrogen supply to the ammonia plant
without any appreciable consumption of hydrogen.

Experiments with the exchange process showed by early 1942 that it
would work well, but entirely too slowly to produce heavy water in the
quantities required. After studying other processes until spring, Taylor sug-
gested using steam at atmospheric pressure in place of water in the exchange
process. This idea proved feasible. Standard Oil of Louisiana studied the
process in iis pilot plant, and the Princeton and Columbia laboratories turned
to the further development of a catalyst. Taylor discovered that the best
catalyst was platinum on charcoal. Platinum not only worked well but was
easily prepared. The valuable metal could be recovered simply by burning
off the charcoal. In May, Taylor prepared cost estimates for constructing a
heavy-water plant at Trail.””

For all their work, the Planning Board could conclude by May, 1942,
that the road ahead for isotope separation would indeed be long. Engineering
studies of the two main approaches had not revealed any short cuts com-
parable to that which Lawrence anticipated in the electromagnetic method.
Instead, the investigations authorized by the board uncovered many problems
which previously had not received attention. Five months of experiments had
failed to produce a single operating centrifuge or gaseous-diffusion unit of
practical size. The procurement of key materials had also proved to be time-
consuming. By the first of May, the board had obtained no additional sup-
plies of uranium oxide, no uranium metal in more than pound quantities,
and no more than experimental amounts of hexafluoride. Conversion of the
Trail plant for heavy water production was still in the early blueprint stage.
To be sure, it seemed that all these uncertainties could be overcome in time,
but time was the most precious commodity of all. In the midst of the war,
when prompt decisions were essential, Nature itself seemed to be concealing
the facts on which selection of a separation process should be based. The
gnawing question was, how long could the decision be postponed?

MOVING TOW ARD DECISION

While Murphree and the Planning Board were struggling with isotope sepa-
ration in the spring of 1942, Conant was occupied with decisions on the pile
project. In addition to the ever-present question of feasibility, Conant was
forced to reconsider using heavy water as a pile moderator.

Strictly on the basis of theory, there was no question that heavy water
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was a better moderator than graphite, but the fact remained that nothing but
graphite was available for the exponential pile experiments. Compton’s
February request for a few tons of heavy water at least acknowledged the
possibility that he might need the more expensive material as a substitute
for graphite. When Simon and Halban visited the United States a few weeks
later, they predicted that a natural-uranium pile would require heavy water
as a moderator. They suggested that Halban bring to the United States the
small amount of heavy water which he had smuggled from France. Added to
their appeal was the voice of Harold Urey, the indefatigable champion of the
heavy-water approach.

On April 1, Conant sat down with Briggs and Compton to settle the
question. He had to admit that heavy water had attractive features. If
five tons were available, they could build a small pile to produce a few
hundred grams of element 94 in a short time. If thirty tons were on hand,
there would be no question of designing at once a pile which would produce
a kilogram of 94 per week. But the point was that no heavy water was then
to be had in quantity. Murphree estimated that five tons could not be pro-
duced until June, 1943; thirty tons, not until July, 1945. Conant also felt
certain that Halban’s small stock of heavy water could have no effect on the
decision. Thus, the group decided they would use heavy water only as a
substitute for graphite. As a protection against that contingency, the process
would be developed on a small scale.”

Perhaps interest in heavy water would have been greater had it not
been for encouraging experiments with the graphite piles. None of the ex-
ponential experiments had yet shown a value of % greater than 1, but they
were close enough to make Compton confident of ultimate success. By the
middle of March, 1942, Allison’s experiments with the first Chicago pile had
given a value of 0.94 == .02. Then he shipped the neutron sources to Columbia,
where Fermi had constructed a new experiment.” The Columbia pile was an
eight-foot cube of graphite in which Fermi embedded pressed cylinders of
uranium oxide about three inches in diameter and three inches high arranged
in an eight-inch lattice spacing.’” He had shifted from cubes to cylinders to
gain certain theoretical advantages. Since he suspected that water vapor in
the pile was swallowing up neutrons, he hoped to increase the value of k
simply by extracting from the pile as much water vapor as possible. This he
accomplished by preheating the uranium cylinders prior to installation and
then by heating and evacuating the entire assembled pile. With these pre-
cautions, Fermi could for the first time report a £ value greater than 0.9 for
his graphite pile. In Compton’s mind, the Fermi experiment demonstrated his
contention that the all-important value of % would increase just by refining
experiments and using better materials.

After his conversations with Compton, Conant reported to Bush that
he found the pile project “well worth supporting, at least until June 1.” He
recommended additional expenditures totaling more than $250,000. This did
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not mean, however, that the OSRD would concentrate all effort on the pile
project. To Conant, it was equally probable that by July 1 Lawrence’s
progress would justify authorization of a full-scale electromagnetic plant.
Would it be prudent to spend another $1.5 million to demonstrate the
feasibility of producing element 94?7 Would there be sufficient reason at that
time for eliminating the gaseous-diffusion and centrifuge projects? And, if
there were no exceptional developments in any of the projects within the
next few weeks, was it possible to consider continuing all of them into the
enormously expensive phase of engineering development and construction?

The day of reckoning on all these questions was May 23. Conant asked
the program chiefs to meet with him, Briggs, and Murphree for a last-
minute review of all the projects before they made a recommendation. As the
day approached, Conant could see the outcome, and he was not pleased.*” In
place of the two methods selected for engineering development in December,
there were now at least four on equal footing and a number of other ideas
which had to be considered as long shots. All would be entering the expensive
pilot-plant phase within the next six months. Furthermore, to save time, the
production plants should be ready for design and construction before the
pilot plants were finished. But to proceed with all approaches would involve
the commitment of at least $500 million, to say nothing of the expenditure
of scarce equipment, scientific manpower, and materials.

The real question in Conant’s mind was whether S-1 was sufficiently
important to the war effort to warrant a commitment of this size. If, on the
one hand, the new weapon was not actually a determining, but a supple-
mental factor, there was no compelling reason for haste or for risking so
much on the bomb. If, on the other hand, the possession of the new weapon
in sufficient quantities would be a determining factor in the war, then it was
paramount that the United States have it first. If there were five possible
approaches to the bomb rather than two, was there not a greater probability
that the Germans eventually would succeed? Since Germany, Britain, and
the United States had started from the same point in 1939, was it not possible
that the Germans had proceeded at least as far as the Western powers? In
view of known German interest in nuclear research and the slow start of the
United States program, was it not even possible that the Germans were in the
lead? If all these questions could be answered in the affirmative, then every
minute counted. It would no longer be a matter of which process was techni-
cally most promising, but which could produce a bomb first. By eliminating
two or three methods at once, one might unconsciously be choosing the
slowest. To proceed with all approaches would involve an awesome decision,
but if the program chiefs could not come up with a clear-cut choice, what
other decision was possible?

On May 23, a cool spring Saturday, the leaders of the S-1 Section
assembled in Conant’s office. Briggs, Murphree, Compton, Lawrence, and
Urey listened as Conant presented the committee’s assignment from Bush.*
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They were to outline a program for each approach, covering both develop-
ment and construction, together with a budget for the next six months and
the ensuing year. They were to recommend how many programs should be
continued and how rapidly these could be expanded, on the assumption that
an all-out effort would be made, regardless of cost. They were to consider
which parts of the program should be eliminated in the event of a limitation
on men, money, and materials.

The logical starting point was to review recent progress. Murphree
said the Planning Board was unable to draw any conclusions about the
relative merits of gaseous diffusion and the centrifuge.”® Their studies
seemed to indicate an investment advantage for the diffusion process, but
this might disappear if the enrichment now indicated per separator unit was
not realized in a full-scale plant. They could make no sound conclusions
without pilot plants, which could not produce results before the end of 1942.
The board believed that if the production from a hundred-gram-per-day
plant was essential, work on a centrifuge plant of that size should start at
once. If such small quantities of uranium 235 were not absolutely necessary,
development should start at once on a one-kilogram plant. Meanwhile,
development would continue on the cenirifuge and gaseous-diffusion pilot
plants and on a full-scale diffusion plant.

Lawrence reported that the first calutron in the great cyclotron
magnet would begin to operate in June. Then, as Lawrence phrased it in his
own optimistic way, he would be in a position to say that there were no
fundamental difficulties in building a large-scale electromagnetic plant. The
jump from laboratory equipment to a full-scale plant was great, but Law-
rence was confident that by fall the giant magnet containing a number of
calutrons could be producing four grams of uranium 235 per day. If parallel
development could start at once on a hundred-gram-per-day plant, the first
product would appear in one year.

Compton was not to be outdone. He admitted that to gain the tremen-
dous psychological advantage of first possession of the bomb, the nation
might have to rely on isotope separation. But for quantity production the
pile seemed to hold the greatest promise. There was no longer any question
in his mind that the pile would work. Not ten days before the meeting, Fermi
had obtained a value of & as high as 0.995 with essentially the same configura-
tion he had used in April. Most of this increase had resulted from better
experimental techniques and the refinement of calculations. Could anyone
doubt there would be an additional improvement when high-purity graphite
and uranium oxide were used, to say nothing of uranium metal? Purer ma-
terials were expected within a matter of weeks. If all went well, the pilot
plant would be in operation before the end of 1942; gram quantities of
element 94 would be available by April, 1943; and some kilograms before the
end of that year. From a rough assumption of the amount of element 94
per bomb, Compton estimated he could produce bombs in numbers in 1944.
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Urey and Murphree then reported on the production of heavy water
as a back-up for the graphite pile. They estimated that studies on catalysts
at Standard Oil of Louisiana would continue into 1943 and with good priority
ratings they could complete the Trail plant about the end of 1942,

In the afternoon session, Briggs, Murphree, Lawrence, Compton, and
Urey knuckled down to formulating recommendations, which Conant drafted
on yellow tablet paper.®** As an all-out effort, they recommended: construc-
tion of the hundred-gram-per-day centrifuge plant by January, 1944, at a
cost of $38 million; construction of the gaseous-diffusion pilot plant and
engineering work on a production plant at more than $2 million in the
coming year and an undetermined amount thereafter; construction of a
hundred-gram-per-day electromagnetic plant, to be completed by Septem-
ber, 1943, at $12 million; one or more piles producing element 94 on an
intermediate scale by January, 1944, at $25 million; and conversion of the
Trail plant to produce a thousand pounds of heavy water per month by
May 1, 1943, at $2.8 million. Thus, at a total construction cost of at least
$80 million and an annual operating cost of $34 million, the project would
produce a few atomic bombs by July 1, 1944, and about twice as many each
year thereafter. The group concluded with some general recommendations
for possible cuts, should an unlimited program be impossible; but they
favored proceeding on all methods at full speed.

By five o’clock, the meeting was over. Conant assembled his notes for
the extraordinary report he would submit to Bush on Monday morning.

ENTER THE ARMY

The implications of the report from the S-1 Section were already clear to
Bush and Conant. In its next phase, the project would involve large-scale
design and construction, but the research teams operating under the program
chiefs were not prepared in experience or skills for this job. Neither could
they expect the Planning Board to accept such an assignment, since it con-
sisted of a group of senior engineers who had agreed to serve only on a
temporary basis.

In fact, Bush and Conant had assumed that they would have to trans-
fer the gigantic task of design and construction to the Army. Bush had
mentioned this possibility to Roosevelt in 1941 and had included it in his
March 9 report. The President replied that he had no objection if Bush was
satisfied that the Army had made adequate provision for absolute secrecy.
The paramount importance of security, on which Roosevelt, Bush, and
Conant all agreed, made it essential to limit the responsibility to one of the
armed services. The possibility of construction projects of unprecedented size
suggested assignment to the Army, and Bush knew the President’s wishes.
Roosevelt by this time was quite out of patience with the Navy for its lack of
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initiative and enterprise in the Pacific and with Secretary Knox for failing to
control the intransigence of some of his officers.® Conant had seen research
performed satisfactorily in a military organization during World War 1. In
discussing the matter with Bush earlier in May, he suggested that some of the
top scientists would have to enter the Army as officers in the new specialist
corps.

Bush had approached the Army’s construction experts soon after the
President’s approval of the March 9 report. General Marshall had appointed
Brigadier General Wilhelm D. Styer, Chief of Staff for General Brehon B.
Somervell’s newly created Services of Supply, as principal contact for S-1.
Styer had experience as Deputy Chief of Construction in the Quartermaster
Corps and had played a major part in the reorganization of the War Depart-
ment which led to the creation of the Services of Supply in March, 1942. At
Bush’s invitation, Styer attended the meeting of the S-1 Section in March. He
was present on May 23 and thus knew Conant’s intentions. He began at once
to calculate the impact which the 5-1 project would have on other war con-
struction. Styer and Bush both met with General Marshall on June 10 and
obtained Army support for at least half the program outlined in Conant’s
report of May 25. Although Marshall understood the implications of S-1, he
was also aware of the alarming shortage of critical materials and equipment
which faced the nation. Thus, the Chief of Staff was unwilling to go beyond
the authorization of the electromagnetic and pile projects. Both Bush and
Styer realized this decision was incompatible with the findings of Conant’s
committee. Conant had insisted that success depended upon the continued
development of all four processes. In the end, Marshall agreed to withhold
any decision on gaseous diffusion and the centrifuge until Styer could deter-
mine the extent to which these would interfere with other essential projects.®®

This stay kept all four projects alive, but it placed a burden on Styer.
The OSRD appropriation was due to expire in twenty days with the end of
the fiscal year. By that time, funding for both Army and OSRD contracts had
to be arranged and the Army organization established. One consolation for
Styer was that he could now seek the support of others in the Services of
Supply. He conferred with General Lucius D. Clay, who was Somervell’s
priority chief. Clay found it difficult to predict the impact of S-1 without a
detailed bill of materials, but it was obvious to him that the S-1 plants would
use equipment and materials similar to those required for installations
producing high-octane gasoline, toluol, ammonia, and synthetic rubber. As a
temporary expedient, Clay suggested that OSRD start engineering studies at
once on all four processes in order to draw up reasonably accurate bills of
materials. At the same time, the Army could let contracts for the construction
of all four pilot plants. As soon as detailed plans and designs had progressed
sufficiently, Clay would assign the highest priority to the project which had
the smallest impact on supplies of critical materials.
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Clay’s suggestion seemed to miss Conant’s point entirely, but at least
it implied the possibility of testing all four processes in pilot plants. When
Styer reported back to the Chief of Staff, Marshall agreed “to go ahead with
the whole program modified as might be necessary to meet the limitations
which might be imposed by critical materials.” This statement, recorded by
Styer, was a model of equivocation but it was the only authority available. On
June 12, Styer dashed off some rough notes which Bush could use as a guide
in drafting his report to the President.’

It fell to Bush to encompass in one set of recommendations the con-
flicting views of Clay and Conant. Considering the fundamental impossibility
of the task, one can scarcely imagine a more masterful reply. Bush stated
both the Army and the OSRD positions, but with proper emphasis he gave
Conant the advantage. He lifted verbatim his colleague’s recommendation
for the construction of four plants. Admitting that S-1 could not be prose-
cuted rapidly without interfering with other wartime demands. Bush cug-
gested balancing the final military results against the interference. Then he
justified Conant’s argument that pursuit of all four methods was imperative.
When he turned to the details, Bush used Clay’s language. The OSRD should
award design contracts at once to permit the preparation of bills of materials
for all four plants. Then “the highest priority should be assigned to the plant
or plants which at that time show the most promise of success and which in
the demands for critical materials will have the least serious effect on other
urgent programs.” Between Clay’s words, Bush slipped the ideas that more
than one plant might be built and that promise of success would be a factor
in selecting the processes to be employed. One further bow to Clay was
Bush’s acknowledgement that pilot-plant construction would fall under the
eagle eye of the Army’s procurement staff. Technically. the report was
ambiguous and inconsistent, but it accomplished its purpose. Both Marshall
and Conant could sign it in good conscience since all were agreed on its
objectives. There was simply no time to iron out the technical details which
might well resolve themselves during the summer. It was a tribute to Bush’s
administrative skill and to Marshall’s forbearance that this delicate trans-
fusion of authority from OSRD to the Army was accompliched without the
skip of one heartbeat. There was, however, an element of finesse in Bush’s
action. It remained to be seen whether the Army would some day call his
bluff.

The remainder of the report described the division of funds and
responsibilities between the Army and the OSRD. In terms of proposed ap-
propriations, the Army would control more than 60 per cent of the entire
program—%$54 million out of $85 million in fiscal year 1943. This included
the construction of three plants for uranium 235 and one for element 94. A
qualified officer designated by the Chief of Engineers and reporting to him
was to be in charge of the entire project. The former program chiefs or
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members of the Planning Board would assist this officer on a full-time basis,
preferably as Army officers. The Army would let contracts, prepare bills of
materials, and select sites as soon as possible.*®

Styer did not wait for Presidential approval of the report to begin
organizing the Army effort. The selection of a commanding officer was his
first task and by no means a simple one. As the Army’s construction agency,
the Corps of Engineers had drawn the assignment, but the fact was that the
Engineers had only recently acquired this responsibility. Prior to Septem-
ber, 1940, the corps’ construction experience had been limited to rivers and
harbors projects and to overseas facilities, which for the most part were in
the Panama Canal Zone and the Caribbean area. The transfer from the
Quartermaster Corps had been gradual, with the Engineers assuming re-
sponsibility only for the construction of Army air bases and other Air Corps
projects in November, 1940. The Quartermaster Construction Division, under
General Somervell, had received the brunt of assignments for training camps
and other projects of unprecedented size, such as the Pentagon in Washing-
ton. Not until December, 1941, had all remaining construction been trans-
ferred to the Engineers.* It was not surprising, therefore, that in selecting an
Engineer officer for S-1 Styer chose a man with experience both in the Canal
Zone and on air base projects.

On Wednesday, June 17, 1942, the day Bush forwarded the report to
the President, Styer telegraphed orders to Colonel James C. Marshall of the
Syracuse Engineer District to report to Washington. Marshall, a West Point
graduate of 1918, had served in the corps since World War I, had spent three
years with the 11th Engineers in the Canal Zone, and was at the time com-
pleting a major assignment for the construction of air base facilities and
ammunition depots in the Syracuse District. When Colonel Marshall reported
on Thursday morning, Styer outlined the project and told him of his ap-
pointment. On Friday, Styer introduced Marshall to Bush, who promptly
opened his S-1 files. Later the same day, Styer forwarded to Colonel Marshall
a letter from Bush indicating the President’s approval of the June 17
recommendations. Marshall began at once to organize his command, which
he called for the time being the “DSM Project.” *°

At the same time, Conant was planning to reorganize the S-1 activities
of the OSRD. Although the greater share of the work had now been trans-
ferred to the Army, a vitally important segment remained within the scien-
tists’ responsibility. In addition to general supervision of research at the
universities, Conant’s committee would supervise the pilot-plant studies of
centrifuge, gaseous-diffusion, and electromagnetic methods, including the
construction of a five-gram-per-day electromagnetic pilot plant. They would
also take over from the Planning Board the construction of the heavy-water
plant at Trail. Thus, the committee would continue to maintain contact with
those parts of the project on which, Conant hoped, the paramount decision
would be based: the selection of the shortest route to the bomb.
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The old S-1 Section, both from the organizational and security stand-
point, had been too large for action as a group. Conant had not found it
necessary to call a meeting of its full membership since March. When he
needed expert advice for the May decisions, he had not called on the S-1
Section, but on a smaller group representing the program chiefs and the
Planning Board. A few days after the May 23 meeting, Conant had recom-
mended to Bush that the same group become a new S-1 Executive Committee,
which would supervise all future OSRD work. On June 19, with the Presi-
dential approval in hand, Bush had authorized the appointments: Conant as
chairman, Briggs, Compton, Lawrence, Murphree, and Urey as members.*
The group would meet regularly and survey the technical outlook. The Army
would take over process development, engineering design, procurement of
materials, and site selection.

CONFUSION IN THE RANKS

The new arrangement created confusion from the start. As both the Army and
the Executive Committee soon learned, it was virtually impossible to separate
pilot studies from engineering development and plant design. Yet, as the
organization was now established, the OSRD and the Army would negotiate
separate contracts with different companies for related work on each project.
Such an obstacle between the pilot-plant and engineering phases of any
development effort would at best have been trying, but for the Army, which
had no technical experience in the project, the barrier was insurmountable.
Perhaps the gap might have been bridged if the Planning Board or some of
its members had become officers in the Corps of Engineers. But in fact, none
of the scientists whose names were proposed ever received a commission, and
the Army never directly employed the Planning Board.

Certainly Colonel Marshall had hardly had time to prepare for his
assignment. For his immediate staff he could draw on the complement of his
Syracuse office. The most valuable among these officers was Lieutenant
Colonel Kenneth D. Nichols. Just thirty-four years old, Nichols had built an
impressive record since his graduation from West Point. He had studied civil
engineering in American and European universities, completed a doctorate in
hydraulic engineering at the State University of Iowa, taught at West Point,
and gained practical experience in two large-scale government construction
projects in Marshall’s command. His strong academic background made it
easy for him to work with the scientists; as a competent, ambitious young
officer, he understood the inner workings of the Corps of Engineers. Still,
relatively few officers in the corps were qualified for the S-1 assignment in
the turbulent summer of 1942, and none of them, of course, had a working
knowledge of atomic energy. Except for Nichols and a few others, Marshall
was not permitted to recruit career officers for DSM. The Corps of Engineers
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was assigning most regular officers to field commands. For the most part,
Marshall had to rely on civilian employees, many from the Syracuse District,
who were given reserve commissions. Their knowledge of corps procedures
and their established relationships within the organization made them espe-
cially valuable.

Marshall also recognized the need for a much larger force to provide
architect-engineer and management services. For this job he wanted an ex-
perienced contractor. A discussion on June 18 with General Eugene Reybold,
the Chief of Fngineers, and his Washington staff resulted in the selection
of the Stone & Webster Engineering Corporation as the principal contractor
for the DSM project, with the understanding that the company’s role would
be defined more specifically later.*”

Time served to demonstrate still another weakness in the June re-
organization: the project’s lack of authority and prestige within the Army.
Whatever may have been Colonel Marshall’s engineering abilities and ex-
perience, he could not carry much weight with general officers at Army head-
quarters as a field cfficer commanding a new district in the Corps of Engi-
neers. To be sure, Bush and Conant were experienced in working at the
highest levels in the War Department; but now that the project was part of
the Army and they were not. it was difficult to handle routine matters from
the outside.

By far the worst fault in the reorganization was the division of
responsibility without the provision of any higher authority to resolve honest
differences promptly. The Army would control its contracts and priorities and
the 3-1 Executive Committee theirs. But who would co-ordinate? Who would
handle assignments that seemed to fall outside the charters of both groups?
Who could prevent hot issues {from being passed back and forth as in a long
tennis volley in which both players hope for a placement? If Bush and
Conant had this authority, they were slow in using it. Perhaps a summer of
frustration was necessary to demonstrate the need for a change.

SELECTION OF THE TENNESSEE SITE

A good example of how the new arrangement failed was the tedious process
of selecting a site for the production plants. The Planning Board had first
discussed the subject in April, when the board was primarily concerned with
a site for either the gaseous-diffusion or centrifuge plants. Since the primary
requirement was a large and reliable electric power supply, Murphree had
approached the War Production Board for information about the most
promising power areas in the country. Later that month, Zola G. Deutsch of
Murphree’s Standard Oil Development Company, Thomas V. Moore of
Compton’s Metallurgical Laboratory, and Milton J. Whitson of Stone &
Webster visited a number of sites in the area recommended by WPB in the
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heart of TVA territory west of Knoxville, Tennessee. With some thoughts of
a large water supply for cooling the piles, the group inspected several sites on
the Tennessee River in the still-water reservoir area above the Watts Bar
Dam, but they found the surrounding terrain too rugged and inaccessible for
convenient railroad or power connections. On their way back to Knoxville
they explored the Clinch River valley well above the Watts Bar reservoir.
Their initial impression was that the area provided a less desirable water
" source since the flow of the Clinch would produce sediment. However, these
doubts evaporated when the group came to the area just below EFlza, where
the Louisville and Nashville Railroad crossed the river. The Elza site, Deutsch
reported, seemed almost ideal. “The topography is such that a number of
operations could find reasonably flat areas divided by protective hills, the
driving distance to Knoxville is less than 20 miles, and service from two im-
portant railroads is immediately available. Water from the Clinch River is
regulated to a minimum of 200 sec. {t., and because of the nearby Norris Dam
is relatively free of silt. A relatively small part of the land is under cultiva-
tion, indicating that a small number of families would have to be moved, and
the land as a whole is fairly cheap.” ** As Murphree pointed out in discussing
the report at the Planning Board meeting on May 6, the potential power re-
sources of the site were excellent.

The selection of the Elza site seemed to be the one decision which the
Planning Board could recommend with confidence. When Conant received
the report late in May, he forwarded it to Styer and recommended to Bush
that the Army proceed at once to acquire the site.** Just before Bush sent his
report to the Top Policy Group (Wallace, Stimson, and Marshall) on
June 13, he read a lengthy study from Compton, who had inspected the site
with his staff and had found it equally as acceptable for the pile project as a
site in the Dunes area south of Lake Michigan. Bush sent Compton’s study to
Styer with the comment that he favored the Tennessee site because it offered
greater isolation and security.”” He included the need for immediate selection
of a site in his recommendations to the President and added a copy of
Deutsch’s report as if to imply what the decision would be.

With these firm recommendations, Styer was ready to act. He told the
S-1 Executive Committee on June 25, 1942, that the Army would acquire the
Elza site at once. But Colonel Marshall was not to be stampeded. First he
ordered a detailed study by Stone & Webster, which had been a party to the
original recommendation to the Planning Board. On July 1, he and Nichols
met with Stone & Webster personnel at Knoxville and proceeded to retrace
the steps the Deutsch group had made almost three months earlier. Then
Marshall submitted a complete set of site criteria to the committee for review,
requested detailed site requirements from the program chiefs, and asked the
committee members to submit comments on the Stone & Webster report. By
the end of July, the committee’s patience had run out. Conant told Marshall
that the committee had discussed the request for comments and agreed that
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construction should proceed where the greatest speed was possible. The
Tennessee site seemed logical from this point of view.*

By this time, Colonel Marshall had convinced himself that there might
not be a need for any site whatsoever. The day after the S-1 meeting,
Marshall and Nichols called on the Assistant Chief of Engineers in Washing-
ton. Marshall told General Thomas M. Robins he was unwilling to proceed
with site acquisition or construction until Compton’s process seemed to
justify a large-scale plant. The first pile would not be in operation until late
fall; in Marshall’s opinion even such a delay would postpone completion of
the project by only a few weeks. With the support of his superiors, Marshall
decided to delay acquisition for several months.*” The S-1 Executive Com-
mittee and the Army were at loggerheads. Only higher authority could re-
solve the disagreement. But what authority?

STRUGGLE FOR PRIORITIES

In the earlier experimental period, the OSRD had encountered relatively
little difficulty in securing conventional materials for S-1. But, when Bush
and Conant formulated their new program calling for large construction
projects, the procurement of both manpower and materials became crucial.
It was entirely a coincidence, and by no means a happy one, that priorities
became critical at precisely the same time in the S-1 project and in the na-
tion’s war effort at large. In the opening days of 1942, the President had
challenged American industry to produce 60,000 planes, 45,000 tanks,
20,000 antiaircraft guns, and 8,000,000 tons of shipping in the coming year.
The wheels of industry started slowly as government procurement officials
awaited proper authorizations before awarding contracts. By spring, industry
had signed contracts for more than $100 billion, or more than the total
production of the entire national economy in its most prosperous and produc-
tive prior year.® To make matters worse, the unprecedented volume of
orders resulted in a greater use of high priorities, a trend which wiped out
any controls which the priority system might have exercised on the economy.
In the ensuing period of severe priority inflation, chaos reigned. All sem-
blance of balance disappeared in the national production effort, as orders for
one program robbed critical items from the next and precious materials were
diverted from essential projects for the construction of plants or equipment
which could not be used.

In one sense, Bush’s new alliance with the Army was a most fortunate
arrangement for S-1. It placed the atomic energy project close to what little
authority remained in the national priority system. Roosevelt’s laissez-faire
approach to economic controls in 1940 and 1941 had presumably been
supplanted by a strong central authority in the appointment of Donald M.
Nelson as chairman of the War Production Board. Nelson, however, refused
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to risk slowing the production effort by overhauling the existing machinery
or, more specifically, by taking over the procurement and contracting func-
tions of the armed forces.** The significant reorganization came not in
Nelson’s office, but in General Somervell’s. The March, 1942, reorganization
of the War Department brought to Somervell’s Services of Supply not only
the Corps of Engineers and the Quartermaster Corps, but also the Army
and Navy Munitions Board. By Nelson’s leave, the board continued to control
the nation’s productive capacity through its power to assign priorities for all
military procurement. Thus, to the extent that Bush could establish a direct
line through the Army to the Services of Supply, S-1 could be assured that
its priority needs would receive due consideration.

The difficulty was, of course, that the tie between S-1 and Somervell’s
organization was at best tenuous. In preparing the June report to the Presi-
dent, Bush and Conant must have had some sense of what was in the wind.
They had been able to win Army support only by pretending to accept
Clay’s “least-effect” principle. The Army’s position was understandable as it
struggled to equip and house the thousands of recruits pouring into induction
centers each day, to push life-giving supplies and equipment to beleaguered
allies abroad, and to mount the North African offensive, which was just a few
months away.” True, the bomb might win the war someday, but the Army
had to be sure that the war was not lost in the meantime.

An even greater handicap was the organizational cleavage between
Marshall’s DSM project and the S-1 Executive Committee. At the S-1 meeting
on July 9, the committee agreed that the OSRD would seek its own priorities
on its own contracts and that it would appeal to the Army only when all else
failed. In other words, any possible advantage in the association with the
Army was to be exercised only in an emergency. The committee soon found
the arrangement impossible. Very few companies could attain the quality
required, and most of these were heavily engaged in other war work carrying
a AA-3 priority rating, for which orders had been placed months earlier.
For S-1, at least AA-1 or even AAA priorities were essential. Better ratings
would obviously interfere with other war work and thus would require a
decision by higher authority. But who was that authority—Bush, the Army
and Navy Munitions Board, the War Production Board, or the President? In
the chaotic summer of 1942, no one seemed to know.

By the end of August, the S-1 Executive Committee realized that if
some action were not taken soon, the atomic bomb would never be a weapon
in the present war. In Conant’s Washington office on August 26, the com-
mittee almost in desperation explored possible ways out of the priority
dilemma. They agreed that the electromagnetic method would probably be
the first to yield fissionable material, although it might not be the best. They
wanted to proceed with engineering of a large-scale plant while the pilot
plant was being constructed. The next question followed logically: In view of
the priority situation, might not the best chance of success lie in the all-out
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development of the electromagnetic method at the expense of all other ap-
proaches? With the committee tottering on the brink of decision, Conant
raised a steadying hand. He had said in June that no sound basis existed for
eliminating any provess, and he was convinced that none existed now. To bet
on one project and lose might cost the war. The committee agreed to stick
with the earlier choice.”

This action by the S-1 Executive Committee left the Engineers with no
alternative but to seek a higher priority. Colonel Nichols, after checking with
Genteral Styer, saw General Clay on August 29. As Deputy Chief of Staft
for Requirements and Resources in the Services of Supply, Clay as much as
any man in the Government controlled the flow of critical materials to the
military and civilian economy. Nichols conveyed to Clay some of the com-
miitee’s determination to proceed at least with pilot-plant development of all
four approaches at higher priority and was careful to mention that if neces
sary Bush would approach the President directly. Clay recommended the
more usual route through the Joint Chiefs of Staff to the Army and Navy
Munitions Board, but he quickly added that such priorities should not be
granted and that it was never contemplated to grant a AA-1 priority to DSM.
The most Clay could do was to grant a blanket AA-3 priority for the entire
project.

This concession was unacceptable. As Nichols found out later the
same day, the AA-3 rating was extremely difhcult to use. It was high enough
to arouse stout resistance among Army procurement oflicers and yet not
suflicient to impress them. As Bush understood the matter from Conant, the
AA-3 rating simply would not get the job done in time. In an impassioned
letter to Harvey 1I. Bundy, special assistant to Secretary of War Stimson, he
pointed out that the difference between the AA-3 and the AA-1 rating was
at least three months in the completion of the pilot plants.” This was
exazperating in view of the siall amount of material involved, not exceeding
%250,000 in value. Bush had understocd in June that the experimental and
pilot-plant work would be expedited to the uimost; he now felt that with the
present attitude of the Army and Navy Munitions Board, the entire project
would be badly delayed unless some changes were made. The Army had
indeed called his bluff. He concluded: “I'rom my own point of view, faced as
I am with the unanimous opinion of a group of men that I consider to be
among the greatest scientists in the world, joined by highly competent engi-
neers, I am prepared to recommend that nothing should stand in the way of
putting this whole affair through to conclusion, on a reasonable scale, but at
the maximum speed possible, even if it does cause moderate interference with
other war efforts.”

General Somervell. Under this barrage, Army resistance soon crumbled.

While Bundy carried the alarm to General Marshall and Secretary
Stimson, Bush complained to Under Secretary Robert P. Patterson and

General Marshall would sign a letter to Donald Nelson, chairman of the War
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Production Board, urging that ample priorities be provided for S-1. Bush
knew that with Marshall’s and Nelson’s endorsement, the Army and Navy
Munitions Board could not refuse to act.

GROVES AND THE MILITARY POLICY COMMITTEE

The delay on site selection and priorities was more than enough to convince
Bush by early September that the June reorganization left much to be de-
sired. Army participation was of litile value if the military were not subject
to direction from the scientists. Either through indecision or honest doubits,
Colonel Marshall had delayed selection of the Tennessee site through the
summer and still scemed far from action. Furthermore, Marshall had estab-
lished his headquarters in New York with the appropriate title: Manhattan
Engineer District. He was a good field officer, but he was all too willing to
leave the paper pushing and priority haggling in stuffy Washington offices to
Nichols, who, though only a lieutenant colonel, seemed to do a remarkable
job. Bush realized that what the project needed most was clear-cut authority
at the highest level and the sort of authority which could make itself felt
within the Army. It also needed a guarantee that the Army would not swallow
up the entire S-1 organization. He had discussed with General Marshall and
Bundy the creation of a high-level military policy committee, on which the
civilian scientists would be well represented.

Bush’s recent conversations with Somervell were the cause of his
concern about Army domination. These revealed that the General was aware
of the deficiencies in the S-1 organization. Now that speed was essential,
Somervell thought it best to place the entire S-1 project under the protective
wing of the Services of Supply. He casually mentioned to Bush that he knew
“a Colonel Groves” who would be just the man to take over all aspects of the
Army program. Since Bush assumed the new military policy committee
would select the commanding officer, he was deeply disturbed when Colonel
Leslie R. Groves presented himself on September 17 with the news that
Somervell had given him the full-time job of directing the Army project.
Mustering all his self-control, Bush listened to the confident, vigorous stran-
ger who seemed to assume that the future of S-1 already lay firmly in his
hands.*

Somervell had been able to act quickly because he had the right man
for the assignment. He had found Groves one of the ablest members of his
construction team in the Quartermaster Corps. Although the Colonel’s con-
tentious spirit, heavy humor, and sharp tongue sometimes annoyed his
fellow officers, Somervell was impressed by Groves’s intelligence and ability
to get jobs done. These qualities the Colonel had demonstrated on big con-
struction projects. The reorganization of the War Department earlier in 1942
had placed Groves back in the Corps of Engineers as Deputy Chief of Con-
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struction. There he had watched the organization of the DSM project and
had reviewed the orders establishing the Manhattan Engineer District in
August. He had learned about the Tennessee site as early as June and had
grown increasingly concerned about Colonel Marshall’s delay in acting as the
summer wore on. In June, he had participated in selecting Stone & Webster.
By August, Groves had requested Marshall to submit weekly reports and
urged the selection of sites and the start of construction as the best justifica-
tion for higher priorities.”

When Somervell first informed Groves of his impending assignment,
the Colonel was not happy about the prospect, since he had long been count-
ing on going overseas. After a closed-door session with General Styer, how-
ever, he knew there was no escape. His orders, signed by Styer on Septem-
ber 17, directed him “to take complete charge of the entire DSM project,”
and to arrange at once the necessary priorities and the immediate acquisition
of the Tennessee site.”® Groves’s new command was not officially announced
until his appointment as brigadier general on September 23, but he had
already taken up his duties. On September 19, he signed a directive for
acquiring the site. Then he discarded the letter which Nichols had drafted for
General Marshall’s signature requesting Donald Nelson to authorize AAA
priorities. In its place he prepared a short letter addressed to himself. He
walked it through Styer’s office and went directly to Nelson, who signed it
with only a show of resistance. Thus, within forty-eight hours of Groves’s
assignment, the Army resolved the two problems that had plagued the
project all summer—site selection and priorities.”

In the meantime, Bush was trying to establish a policy committee
which would assure the continued participation of the scientists. This he
would do not by giving the scientists a dominant voice but by carefully
circumscribing and balancing Army initiative. Presumably the appointment
of a Navy member would give this balance, reduce the possibility of Navy
interference with priorities through the Army and Navy Munitions Board,
and provide access to Navy facilities for weapon development. Apparently
Bush also hoped to restore Styer to his former position as the Army’s chief
policy representative on the S-1 project. Bush and Conant would speak for
the scientists. The result would be an organization resembling the large
corporation. In a way, Bush thought of the military policy committee as a
board of directors with General Groves the vice-president in charge of opera-
tions.

This new paitern emerged during the week following Groves’s ap-
pointment. Discussions with Patterson, Somervell, Styer, and Groves allayed
many of Bush’s initial fears, and he could see that a workable arrangement
was evolving. The final decisions came at a meeting in Secretary Stimson’s
office on September 23, attended by General Marshall, Bush, Conant, Somer-
vell, Styer, Groves, and Bundy. After Somervell assured the group that he
had taken the necessary action on priorities, Stimson brought up the ques-
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tion of the military policy committee. All agreed on top-level representatives
from the Army, Navy, and OSRD, but Groves insisted upon limiting the com-
mittee to three members. To give both Bush and Conant a voice, Stimson
proposed Bush as chairman and Conant as his alternate. Admiral William R.
Purnell would serve for the Navy. After Groves left the meeting for his first
trip to the Tennessee site, Stimson appointed Styer as the Army member.*®

The effect of the reorganization and of Groves’s dynamic leadership
was clearly in evidence at the meeting of the S-1 Executive Committee on
September 26. Now that he could make definite plans for the Tennessee site,
Groves was anxious to have from each program chief a statement of needs.
For each project he wanted a schedule for all critical materials, sketches of
laboratory layouts, estimates of water requirements, and needs for fire
protection. He assured the committee he had solved the priority problem,
and he outlined the criteria which Colonel Marshall would use in processing
requests. Captain John R. Ruhoff of Groves’s staff reported that Metal
Hydrides was at last producing satisfactory lots of uranium metal. Colonel
Nichols described his successful negotiations to secure additional quantities
of uranium oxide, and Colonel Marshall explained his plans for improving
security procedures. The emphasis was now shifting rapidly from exploratory
research to the development of a production enterprise.

How the project was to be organized had been determined in Septem-
ber. Still in doubt were the processes to be used. The S-1 Committee did not
believe the Army should pursue all approaches into full-scale construction.
With Groves in command, they saw they would have to act quickly to narrow
the field. Another complete program review was in order, this time an
agonizing process which took most of the fall of 1942.



CHAPTER 4

COMMITMENT

Since the outbreak of war the previous December, Bush and Conant had
probed the possibilities of a quick route to an atomic weapon. By the
autumn of 1942, they felt more confident that such a weapon could be ready
in the present war. Project leaders like Compton, Lawrence, and Urey saw in
the experiments in their laboratories new hope for success. But was this opti-
mism based on solid fact or did it feed on the excitement of the chase? Per-
haps the irrepressible enthusiasm so obvious in Compton and Lawrence was
distorting scientific judgment throughout S-1. Conant might have recalled an
exchange in his correspondence with Compton earlier that year. In urging
Conant’s continued support of the pile, the Chicago physicist had ended a
letter with the thought: “Now is the time for faith.” Conant had replied,
“It isn’t faith we need now, Arthur. It’s works.”?

In October, 1942, Conant was still looking for works, for the scientific
evidence upon which he could base a commitment of men, money, and mate-
rials. In June, he had insisted that it was too early to rely heavily on any one
of the approaches. Now time was running out. He had to make a commitment.

BUILDING SUPPLY LINES

Although research and development were concentrated on four processes for
producing fissionable material, the success of these efforts rested in a real
sense upon the procurement of vital supplies, specifically high-purity graph-
ite and uranium oxide, metal, and flouride compounds. The mushrooming re-
quirements and the more rigid purity specifications transformed the modest
efforts of the Planning Board in February, 1942, into a project of first impor-
tance before the end of the summer.

The graphite in the early experimental piles had been of ordinary
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commercial grade, secured for the most part from the United States Graphite
Company. Although graphite could be produced in large quantities by heat-
ing a putty of petroleum coke and coal tar in an electric furnace, the prod-
uct had poor neutron properties unless very pure materials were used and
the process carefully controlled. The Metallurgical Laboratory rather than
the Planning Board had undertaken the procurement of graphite during the
spring of 1942. Norman Hilberry, formerly a physicist at New York Univer-
sity and now Compton’s right-hand man, explored the situation and did not
find it promising. He learned that the International Graphite and Electrode
Corporation produced very pure graphite, but the small quantities needed for
electrodes were insignificant in comparison with his needs. To secure the
great quantities for the pile, he approached the National Carbon Company
and persuaded them to take the order. Hilberry then shocked the staff of the
War Production Board by asking for an A-1 priority on a material which had
never been rated higher than C. By July 1, he had resolved the priority issue
and placed orders with both companies for all the graphite needed for the
first critical pile experiment.

The OSRD followed the Planning Board’s recommendations on ura-
nium oxide in April, 1942. On the strength of a prospective OSRD contract,
Eldorado Gold Mines, Ltd., before the first of May flew an advance party to
its mine site on Great Bear Lake, near the Arctic Circle. As the pale sunlight
of spring crept into the frozen wastelands of the Northwest Territory, addi-
tional men and supplies were flown to the isolated camp. Assembling heavy
equipment and pumping out the flooded mine progressed so slowly that it
seemed unlikely much ore could be removed before the close of the Arctic
summer.

The short mining season was not the only obstacle. Since uranium
mining was a highly speculative venture at best, there could be no assurance
that control of Eldorado would always remain in the hands of reliable busi-
ness interests. Bush’s contract officers at OSRD had also run afoul of Cana-
dian export regulations in attempting to buy uranium from Eldorado through
an American purchasing company. At the same time, there was no question
that the Eldorado uranium was essential to both the American and British
programs. By early June, C. J. Mackenzie of the Canadian National Research
Council had proposed that his government quietly buy up a controlling inter-
est in Eldorado so that American purchase of Canadian ore would become an
intergovernmental matter. Thus the Eldorado purchase became a pawn in the
complex negotiations with the British and Canadians on such problems as
patent rights, export controls, and the exchange of scientific information.
Mackenzie’s plan was not approved until Roosevelt’s conference with Church-
ill late in June, and another month passed before the Canadian government
could begin the purchase of Eldorado stock.”

Strangely enough, neither the Planning Board nor the S-1 Executive
Committee had shown any interest in the much larger stocks of Belgian ore
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already above ground in the United States and the Congo. The lack of firm
requirements and the fact that 1,200 tons were already under export controls
in the United States presumably made its purchase less pressing. Acting
either on OSRD instructions or from ignorance of the ore’s significance, offi-
cials from the State Department and defense agencies were cool to offers by
Edgar Sengier of the African Metals Corporation during the spring of 1942.
Sengier had brought the ore to the United States to keep it out of enemy
hands. Now he could find no market for his investment in the American gov-
ernment. If Bush and Conant knew of Sengier’s growing frustration, they did
nothing to alleviate it. On July 9, 1942, the S-1 Executive Committee con-
firmed the earlier conclusion of the Planning Board that there was no imme-
diate need to bring additional ore under S-1 control. Nothing happened until
late August, when Bush learned that Eldorado, still a private company, was
attempting to purchase 500 tons from Sengier’s Staten Island supply. Bush
alerted the Army and suggested the imposition of export controls.?

Early in September, Colonel Nichols took charge of ore procurement.
With the approval of the S-1 Executive Committee, he arranged through the
State Department for export controls on all 1,200 tons of the Belgian ore. On
the eighteenth, he called on Sengier in his New York office and quickly
reached the basic agreement which was later written into a series of contracts.
The United States would purchase the ore and arrange for its refining at El-
dorado’s Port Hope mill. About 300 tons would be shipped to Port Hope in
hundred-ton lots. The 1,000 tons above ground in the Congo would be
shipped to the United States, which would have first option on its purchase.
Before the end of September, Nichols had ordered the shipment of the first
100 tons to Port Hope and for the transfer of the remaining 1,100 tons from
the Staten Island dock area to the Seneca Ordnance Depot. The S-1 Executive
Committee accepted the Army’s recommendation not to reopen the flooded
Belgian mine at Shinkolobwe.*

Difficulties in dewatering the Eldorado mine made it impossible to
produce more than a few small shipments of oxide in 1942, but enough could
be recovered from ore already above ground to meet the needs of the first
experimental pile. If production units were built later, the contracts negoti-
ated by the Corps of Engineers in the fall of 1942 assured sufficient supplies
of uranium oxide for the war effort.’

The purification of uranium oxide from the Port Hope refinery, and
later from refineries in the United States, was developed with relatively little
difficulty. The key to the process was the unique solubility of uranyl nitrate
in ether, a fact which had been well known for over a century. The nitrate
was easily formed by dissolving the crude oxide in nitric acid. As experiments
at the National Bureau of Standards showed, virtually all of the impurities
were left behind when the nitrate was in turn dissolved in ether. The uranium
could then be easily recovered, concentrated, and reduced to uranium diox-
ide. The difficulty came in scaling up the laboratory experiment to an indus-
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trial process, an assignment for which Arthur Compton approached the Mal-
linckrodt Chemical Company in St. Louis on April 17, 1942. Mallinckrodt,
with experience in working with tricky materials like ether, had the process
going on an industrial scale by early summer and was able to meet all imme-
diate requirements for oxide in the production of uranium metal or hexafluo-
ride.®

Producing uranium metal continued to be difficult even after the es-
sential processing equipment was placed in operation at Westinghouse and
Metal Hydrides. The Westinghouse process gave a product of sufficient
purity but the photochemical step was so slow and expensive that it was aban-
doned in favor of using uranium tetrafluoride, which became more readily
available in the summer of 1942. Experience at Metal Hydrides was just the
opposite—the production rate and costs seemed practical, but metal quality
and purity were unacceptably low. Even with assistance from other S-1 labo-
ratories, Metal Hydrides was unable to force production above 200 pounds
per day, and by early September scarcely a ton of usable metal had been de-
livered to Chicago. So discouraging, indeed, was the situation that Nichols se-
riously proposed that Metal Hydrides stop all production until the company
could deliver a better product. Only the desperate needs of the pile program
convinced Nichols to permit production to continue at least until 5,000
pounds of metal had been delivered.”

The fact was that the Hydrides process was not going smoothly. Al-
though Rodden found it possible to produce pure calcium by vacuum dis-
tillation, output continued to be low during the summer of 1942. Much more
involved were the melting and casting of the finely divided uranium metal
from the Hydrides process. The metal powder was so pyrophoric that it
could be removed from the reduction furnaces only with special precautions.
Even when packed in metal cans, the powder would become red hot unless re-
frigerated. As a temporary expedient, the powder was pressed and sintered.
But for a satisfactory product, the metal would have to be melted and cast.
Experimental work was started on such a process during the spring of 1942 at
the Massachusetts Institute of Technology and at Iowa State College, Ames,
where Frank H. Spedding established a branch of the Metallurgical Labora-
tory.®

The troubles encountered in getting good castings of high-purity
uranium led Spedding, H. A. Wilhelm, and others to consider alternative
methods which would produce the metal initially in massive rather than pow-
der form. Experiments on such a process had been performed as early as
1926 by J. C. Goggins and others at the University of New Hampshire. A
steel bomb, charged with a mixture of uranium tetrachloride and calcium
metal, had been evacuated and heated to the ignition temperature. When the
bomb had been cooled and opened, a massive lump of uranium weighing
about three pounds had been recovered. The process had been abandoned,
however, for lack of good-quality tetrafluoride. By the summer of 1942, there
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was new interest in the process. High-purity calcium was now made at Metal
Hydrides, and the first uranium tetrafluoride in more than experimental
quantities was coming from the Harshaw and du Pont plants built under
Planning Board contracts. Spedding at Ames and Rodden at the National Bu-
reau of Standards independently repeated the 1926 experiment in August,
1942. Both were encouraged. By the end of September, Spedding was talking
of producing a ton of metal per day by the new process.

The Ames process did not, by itself, provide enough metal for Fermi’s
critical experiment. Much more work would be necessary to develop the proc-
ess on an industrial scale; larger supplies of calcium would be needed; and
the Harshaw tetrafluoride process would have to be improved and production
expanded at other plants. Then, as soon as possible, Ames would begin using
magnesium rather than calcium, a modification which appeared to have sig-
nificant cost and purity advantages. In the meantime, heroic effort was
pushing production at Metal Hydrides as high as 300 pounds per day, with a
goal of 8,500 pounds in November. Even at that, it seemed impossible that
there would be enough metal for Fermi’s experiment before the end of the
year.® For Compton, there was consolation only in the fact that adequate sup-
plies of uranium metal would be available for larger piles in 1943.

PILE

The same sort of optimism which permitted Compton to predict a reproduc-
tion factor as high as 1.14 at the time of Conant’s program review in May
helped to carry the pile project during the summer of 1942. Compton, Fermi,
and others at the Metallurgical Laboratory were resigned to the fact that they
could not demonstrate a chain reaction until they had sufficient supplies of
pure uranium metal and graphite. In the meantime, the scattered research
groups at Princeton, Columbia, and Berkeley had been assembled on the
Midway in Chicago, and the measurements begun in the spring could be con-
tinued as the first dribbles of material arrived. Even these experiments, which
Compton complained were “important but non-essential,” provided ground
for greater confidence of ultimate success.’® The first of these showed that the
reproduction factor k probably would be greater than one; the second dem-
onstrated the possibility of separating element 94 from uranium and other
fission products.

The elusive value of &k was pursued during the summer of 1942 under
the direction of Enrico Fermi, Martin D. Whitaker, and Walter H. Zinn.
Their experiments confirmed rather dramatically Compton’s prediction that
higher values of k& would come with better materials. Before the end of July,
Whitaker and Zinn had constructed an exponential pile identical in design to
that built at Chicago during May, except that very pure uranium oxide from
Mallinckrodt was used in place of commercial-grade material. The effect ap-
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peared to be that £ would increase from 0.995 to 1.004 in a critical pile. In
August, when the first uranium dioxide was available from Mallinckrodt, the
estimated value of £ rose as high as 1.014, and further experiments in Sep-
tember with a pile about twice as large tended to confirm these results.*

The value of k was again thrown into doubt in October, when an ex-
ponential pile was constructed with the first pure uranium metal from Metal
Hydrides. The value of k& determined in this experiment indicated that Fermi
and his group had overestimated the beneficial effect which pure metal would
have on the chain reaction. Apparently, the first chain-reacting pile would
have to be 15 per cent larger than originally planned.** Fortunately, this note
of discouragement had come almost too late to have any damaging effect on
the pile program. Materials were at last arriving in Chicago in significant
quantities, and it seemed certain that the decisive experiment would be possi-
ble before the end of 1942. The regular notes of encouragement from Chi-
cago during the summer had helped to establish confidence in Compton’s
dream both among members of the S-1 Executive Committee and the Corps
of Engineers. The October results did no worse than restore the uncertainty
accepted in the June decision; now only complete failure could cause aban-
donment of the project.

Equally important in the Chicago optimism was Glenn Seaborg’s work
on the isolation of element 94. Seaborg had moved quickly to explore the
new world of transuranium chemistry. With great drive himself and an
ability to inspire work in others, Seaborg had organized around his former
graduate students, Joseph W. Kennedy and Arthur C. Wahl, an exception-
ally capable research team. While still at Berkeley during the spring, they
had continued to study the chemical properties of the new element which they
proposed to call “plutonium,” a name appropriate for the element following
neptunium in the periodic table.'® Perhaps the most interesting fact they dis-
covered was that the new element had two oxidation states. That is, in chemi-
cal reactions with other elements, plutonium was found to form ions by giv-
ing up either 6 or 4 planetary electrons. In the higher oxidation state
(**ion), plutonium would have a completely different chemical behavior than
in the lower oxidation state (**ion). Furthermore, Seaborg and Wahl dis-
covered that by treating plutonium with certain reagents they could change
its oxidation state. These properties might be useful in separating plu-
tonium from uranium and a host of fission products. For example, in the first
separation step, plutonium in the lower oxidation state could be precipitated;
then it could be “oxidized” to the higher state so that it would remain in solu-
tion in the second precipitation. The plutonium would then be “reduced” to
the lower state for the third step and the “oxidation-reduction” process con-
tinued between precipitations until the desired purity was obtained.™

Actually, Seaborg’s problem was more complicated. The oxidation-
reduction process might work in plutonium solutions of reasonable concen-
tration, but hardly for the infinitesimal quantities in irradiated uranium. Sea-
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borg proposed to overcome this difficulty by using a “carrier” which would
precipitate with plutonium in the lower oxidation state and act much like a
sweeping compound in aiding the recovery of the microscopic plutonium
precipitate. Certain rare earth compounds such as lanthanum fluoride had
been used as “carriers” in plutonium chemistry since the experiments which
led to the discovery of the element in early 1941.

On his thirtieth birthday, April 19, 1942, Seaborg arrived with some
of the Berkeley group at the Metallurgical Laboratory. Older, more experi-
enced chemists like Samuel Allison immediately recognized in Seaborg the
drive, ambition, and ability which were to characterize his work in Chicago.
Soon they saw the rough edges of inexperience disappearing as Seaborg
learned how to blend administrative responsibilities with his scientific ac-
tivities. A competent compiler of voluminous reports, the young chemist soon
impressed the Chicago staff with the quantity and quality of his research.

The primary assignment of the Seaborg group was to develop a chemi-
cal separation process for plutonium within a matter of months. This would
have been no mean task even with adequate supplies of the material to be
separated, but it seemed virtually impossible with the microscopic traces of
plutonium produced by cyclotron bombardment. To carry out complex
chemical reactions with microgram quantities of material at normal concen-
trations required accurate measurement of incredibly small volumes and
weights. Finely calibrated capillary tubing was developed to measure vol-
umes as small as 0.1 milliliter and balances to weigh solids as small as 0.1
microgram. So minute were such operations that they had to be viewed
through a microscope. Indeed, it was scarcely inaccurate to say that invisible
materials were being weighed with an invisible balance.

The use of these ingenious techniques made it possible for Seaborg’s
staff to isolate a visible amount of pure plutonium compound, free of all car-
rier and foreign matter, on August 18, 1942."® Within six weeks, Burris B.
Cunningham, with help from Seaborg at Chicago and Wahl at Berkeley, had
isolated weighable amounts. These samples, though microscopic, were con-
crete proof of feasibility. To an experienced chemist like Conant, who under-
stood all too well the difficulties of Seaborg’s assignment, this was a truly
momentous accomplishment. To an engineer like Groves, who could conceive
of the problems in scaling up the laboratory experiment by a billion times,
there were doubts whether an industrial process could be developed in time.

Producing plutonium on an industrial scale had troubled Compton
and Colonel Marshall as early as June. Compton had already encountered
“near rebellion” among his staff at the Metallurgical Laboratory when he
suggested that an industrial organization familiar with large-scale operations
be given the task of constructing and operating the production plants. Some
of the Chicago physicists, many of whom were younger men with no indus-
trial experience, believed that their accomplishments thus far had earned
them the right to carry the project through to completion. Furthermore, they
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reasoned, why should time be wasted in teaching to a second group the
knowledge which they had already created and mastered? Compton, with his
experience in science and industry, had a better sense of the organization
which would be necessary to procure materials, administer subcontracts, co-
ordinate scattered design and development work, and supervise construc-
tion.*® He also realized the fallacy of many scientists in assuming that the ob-
jective was to build just one bomb which would provide an overwhelming
psychological victory in the war. As Colonel Marshall had pointed out to
him, a weapon was no more important than a nation’s continuing ability to
use it. The job was to produce not just one weapon but weapons in quantity
in assembly-line fashion,

The future organization of the pile project became clear at the first
meeting of the S-1 Executive Committee on June 25, 1942. In line with Mar-
shall’s thinking, the committee agreed that Stone & Webster would be prime
contractor on the Tennessee site. The next day, in a meeting with Marshall
and Nichols, Compton accepted Stone & Webster as the design contractor for
a pilot plant.’ During the summer, Stone & Webster began to assemble in-
formation for a small graphite and natural-uranium pile and a plutonium-
separation plant, to be located in the Argonne Forest Preserve southwest of
Chicago, but by fall plans changed. The Argonne site could be used for
Fermi’s first critical experiment but would not be large enough or remote
enough for a pile of the size then contemplated for the pilot plant. Likewise,
General Groves was quick to recognize a fact which Compton’s staff had been
reluctant to admit—namely, that the scale and complexity of the plutonium-
separation process would be a challenge even to the most experienced chemi-
cal engineering organization. Before Groves had been on the job two weeks,
he had approached the du Pont Company to take over the design and develop-
ment of the separations pilot plant, now to be constructed at the Tennessee
site.”® Compton recalled that Conant had admonished him in August for try-
ing to hunt elephants with peashooters. In the swift movement of events in
the fall of 1942, scientists at the Metallurgical Laboratory, as elsewhere in
the atomic project, had to make a quantum jump in their thinking about the
task ahead.

CALUTRON

During the summer of 1942, results from Berkeley were just as encouraging
as those from Chicago. The use of the 184-inch magnet for the giant cyclo-
tron had made possible a series of experiments with calutrons several times
larger than those in the 37-inch magnet.

Late in May, when the magnet windings had been completed, Wil-
liam M. Brobeck and others had installed two vacuum tanks in its great
jaws. As in the 37-inch device, the tanks were flat on the top and bottom
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and had the shape of a large C when viewed from above. As the operator
faced the open end of the C, he had on his left the controls which permitted
him to adjust the ion source. He could regulate the temperatures of the heat-
ers which vaporized the uranium chloride, the temperature of the charge
chamber, and the power supply to the cathode which ionized the vapor. He
could change the position of the cathode in the chamber or replace it through
an air lock without shutting down the calutron. Mechanical controls enabled
him to move the arc or accelerating electrodes in all directions, to tilt them,
or to change the width of the gaps. Through a vacuum-tight window the op-
erator could observe the adjustments and their effect on the beam. In the
right-hand end of the C were the controls and instrumentation for the box-
like collectors which received the ion beam and trapped the uranium iso-
topes. Within the vacuum tank, between the two ends of the C, was the metal
liner, supported on two heavy insulators so that it could be held at a very
large negative voltage. (Figure 4)

LINER
SUPPORT
INSULATORS

SOURCE RECEIVE

Pumbs -« WINDOW

Figure 4. The C1 tank for the 184-inch magnet, June, 1942.

The first of these tanks, called C1, was placed in operation on June 3,
1942. Except for one experiment on July 20, C1 was not operated to produce
uranium 235 but to explore the possibility of using a number of sources in
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one tank simultaneously. After a good beam was attained from a single
source early in June, a source containing three beams, 1.25 inches apart, was
installed in the tank. When no clearly definable beam could be produced at
the receiver, the middle of the three beams was blocked off. Even with two
beams, 2.5 inches apart, reception was far from satisfactory. Lawrence found
that good sharp beams were produced when either source was operated
alone or when both were run together at very low power. Simultaneous op-
eration at full power produced nothing but a blob of scrambled ions at the
receiver. Only with the aid of some complex electronic equipment did Law-
rence discover that the sources generated a series of very high frequency os-
cillations, called hash, which smeared the beam. Painstaking adjustments of
the source produced some reasonably good beams by the first weeks of Sep-
tember. They were hardly good enough to guarantee the successful operation
of multiple sources in one tank, but Lawrence was hopeful. He now under-
stood the cause of the interference and was beginning to learn how to over-
come it. Multiple sources might alone bring a practical electromagnetic plant
within reach. In any case, Lawrence was now convinced that if all else failed,
the calutron could be operated on a large scale with a single source.”

Late in July, 1942, experiments began with the second tank, called
C2. Installed back-to-back with C1 in the 184-inch magnet gap, C2 was de-
voted primarily to focusing problems and receiver design. The tank contained
two sources which were a somewhat simplified version of the single source
originally designed for C1, but for most of the focusing experiments, only
one source was used at a time.

In earlier experiments some of the fine points of focusing had been
successfully ignored, but they had to be faced before a pilot plant could be
designed. Most of the trouble came from the fact that the ions never emerged
from the source in exactly parallel paths. No matter how fine the slit in the
arc chamber, many ions not directly in line with the slit would slip through
and blur the beam at the receiver. One way to overcome this blur was to
make slight variations in the magnetic field. If carefully contoured metal
sheets or “shims” were attached to the top and bottom of the vacuum tanks,
the width of the magnet gap would vary slightly across the pole face. In this
way, the strength of the magnetic field could be varied enough to pull the
wayward ions into focus. (Figure 5) The first set of shims, designed accord-
ing to rather simple magnetic theory, was found to be unsatisfactory early in
August. A second set was not completed until late September. Only then did
Lawrence’s staff begin to produce a beam sharp enough to resolve the two
isotopes at the collector. The study of shims would continue well into 1943,
but once again Lawrence had just enough evidence to convince him that he
was on the right track.

Equally impressive were the improvements in collector design during
the summer of 1942, While many of the collectors were simply instruments
for measuring beam currents, more were serving the primary function of
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trapping the uranium 235 in a recoverable form. With the higher voltages
and more intense beams produced in the 184-inch magnet, the design of a
good collector was not easy. Collector parts, whether of metal or graphite,
were quickly burned away by the high-energy ions. With greater velocities,
the ions also tended to bounce out of the narrow pockets in the collector.
This resulted in loss of product, contamination of the enriched material, and
false readings on the instruments. The use of multiple sources complicated
the process. Multiple collectors, of course, were needed to catch multiple
beams, and many of the problems of beam interaction had to be solved at the
collector end of the tank. The use of magnetic shims introduced even greater
complications. The first shims tried in Tank C2 in late July bowed the flat
plane of the ribbon-like beam so that it struck the face of the collector not
as a straight line but as a curve. There was no way, however, to perfect the
design of a new collector until a better set of shims had been made for the
tank. Thus, the collector used in the first runs on September 23 was purely
an experimental model. It had curved slots approximating the shape of the
beams, but each slot was divided into three segments so that portions of the
beam could be analyzed separately. Then, by carefully studying the beam
segments and by photographing the impact of the beam through the collector
window, the Berkeley scientists could reshape the collector slots and try
again.

/I
RECEIVER

ANGLE OF DIVERGENCE

“5\ B~— ACCELERATING SLIT
SOURCE SLIT SHIM

Figure 5. Precision machining of the shims made it possible to focus the beams sharply
at the receiver.
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This cut-and-try approach to collector design led to an important
discovery early in October. Results were much better if the face of the col-
lector was set at a 45-degree angle rather than perpendicular to the beam.
The first receiver of this type (Figure 6), placed in Tank C2 on October 5,

U-235 POCKET

U-238 ELECTRODE /L

__—CURVED sLoT

L

Figure 6. The first collector with its face at a 45-degree angle to the plane of the beam
was tested in the C2 tank on October 5, 1942. Note the curved slots for experimental

analysis of the beam.
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operated successfully during the last three months of 1942. With its slots di-
vided into three segments like its predecessor, this collector was nothing more
than an experimental model, but it did represent a noteworthy accomplish-
ment in the design of the calutron.*

Although Bush had assumed in June that development of an electro-
magnetic pilot plant would be the responsibility of the S-1 Executive Com-
mittee, the assignment was gingerly shifted to the Army, and then by Colonel
Marshall to Stone & Webster. August C. Klein, the company’s chief mechani-
cal engineer, visited Berkeley in July and soon caught the enthusiasm which
was sweeping Lawrence’s laboratory. He urged that while experimental
work continued, the design of the calutron should be frozen long enough to
permit the development of a pilot plant consisting of five vacuum tanks at
Berkeley. Klein’s interest, the growing confidence of Marshall and Nichols,
and the successful experiments with the C tanks were all part of the back-
ground for the S-1 Committee’s meeting on August 26, when they considered
concentrating all their resources on the electromagnetic process as a solution
to the priority dilemma.”* Although Conant’s judicious logic prevented such a
drastic step, the committee was excited enough to make the long trip to the
West Coast. On September 13, they watched experiments with the C calutrons
in the cyclotron building high above the Berkeley campus. At the Bohemian
Grove, Lawrence summarized recent achievements. He emphasized that the
pilot plant could now be built on the basis of sound experimental evidence.
He now knew how to produce hash-free beams; and he knew that when the
hash had been eliminated, two beams could be operated within a few inches
of each other. Lawrence also found encouragement in the fact that the re-
maining problems did not involve basic theory but details of engineering and
chemical extraction of the uranium 235. He did not favor going ahead on a
full-scale plant if it meant eliminating the other approaches, but he did believe
that fissionable material could be produced more quickly by the electro-
magnetic method than by any other. The S-1 Executive Committee recom-
mended expediting work on the five-tank pilot plant and on a two-hundred-
tank section of a full-scale plant, both of which would now be constructed at
the new Tennessee site.?

CENTRIFUGE

Following their preoccupation with the Chicago and Berkeley projects in the
summer and early fall of 1942, the S-1 Committee set out to see for them-
selves what had been accomplished in research on the centrifuge and gaseous
diffusion. In Pittsburgh on October 23, they found the outlook for the cen-
trifuge far from hopeful. In order to secure experimental results more reli-
able than those in the spring, Beams had succeeded in running a sample of
uranium hexafluoride three times through his experimental centrifuge at the
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University of Virginia. The degree of enrichment was then substantially
greater than the experimental error in the measurements. When samples of
the enriched material were sent to Nier for analysis, he found that the separa-
tion was only 60 per cent of that predicted from theory. If true, this fact
alone seemed virtually to destroy the possibility of using the process. It
meant that even for the small one-hundred-gram-per-day plant, the number
of centrifuges would have to be increased from 8,800 to about 25,000, while
the hold-up of uranium in the plant would rise from four months to about
one year. There remained, however, two slender hopes for success. First, it
was possible that the separation factor would increase if a significant number
of obvious, if small, improvements could be made in the design and operation
of the centrifuge. Second, as Harold Urey was quick to point out, there re-
mained the possibility of using the theoretically more efficient countercurrent
system rather than the flow-through principle. Although the more complicated
countercurrent design had earlier been passed over as much too com-
plex for rapid development, its theoretical advantages could not now be over-
looked. Karl Cohen had calculated that it would reduce the number of cen-
trifuges required by 20 per cent, and the smaller quantity of gas used would
make it possible to employ smaller equipment.®

Early in July, Beams began some experiments with the countercurrent
system, but its eventual utility seemed doubtful in light of the severe diffi-
culties which Westinghouse had encountered in developing one full-scale
model centrifuge of the flow-through type. Test operation of this one-meter
unit revealed severe instabilities at critical vibration frequencies. Repeated
efforts to develop a gas-tight, corrosion-proof seal were unsuccessful, and all
too frequent failures occurred in motors, shafts, and bearings at the high
speeds required. Because of the high stakes involved, installation of auxiliary
equipment in the pilot plant at Bayonne, New Jersey, continued during the
summer despite the failure to perfect the model centrifuge. But obviously no
work could be done on the twenty-four centrifuges for the pilot plant until
the model ran successfully. Nor was it feasible under the circumstances to un-
dertake the design of a full-scale plant or the development of longer tubes.

By the time of the S-1 Committee’s visit to the Westinghouse labora-
tories in October, the experimental centrifuge at Virginia had been operated
on the countercurrent system only for short periods, but long enough to dis-
pel any hope for a reliable unit in the near future. Westinghouse continued
to struggle with the model centrifuge, but the possibility of using the pilot
plant seemed to fade with the weaker sunlight and shorter days of autumn.*

GASEOUS DIFFUSION

From Pittsburgh the S-1 Executive Committee traveled by overnight train to
New York. There they found that research on the gaseous-diffusion process
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had spawned an experimental enterprise which was already causing Colum-
bia officials to seek space outside Pupin Hall. The M. W. Kellogg Company
had been assigning its ever growing research staff both to the Columbia
campus and to its Jersey City laboratories.

ENRICHED
PRODUCT

A 1

ENRICHING
SECTION

STRIPPING
SECTION

DEPLETED
MATERIAL

Figure 7. A schematic diagram showing the flow of process gas in a gaseous-diffusion
cascade.

On the morning of October 24, John R. Dunning summarized progress
in the first ten months of 1942.* With a drawing (similar to that in Fig-
ure 7) he explained the operating principle of the gaseous-diffusion cascade.
First, it was necessary to understand the flow of gas at any one of the thou-
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sands of typical stages in a production plant. The uranium hexafluoride in
Pump B, for example, would be propelled into the high-pressure side of the
converter at Enriching Stage No. 2. About half the gas would diffuse through
the barrier, indicated by the dashed line. This gas, containing a slightly
higher concentration of the lighter 235 isotope, would be transported to En-
riching Stage No. 3 by Pump C. The gas which did not diffuse through the
barrier in Stage No. 2 would now contain a slightly higher concentration of
the heavier 238 isotope and would be transported by Pump A to the next
lower stage, No. 1. Theoretically, if this process could be repeated through
thousands of stages, virtually pure uranium 235 would be drawn from the
“top” of the cascade and virtually pure 238 from the “bottom.” Since the
proportion of 235 isotope in the gas near the bottom would be much less than
the 0.7 per cent found in natural uranium, the feed point would be some-
where between the top and bottom. It would also be possible to draw off ma-
terial of any desired concentration or to add feed of any concentration simply
by tapping into the cascade at the appropriate stage.

The possibilities for theoretical, and especially statistical, analysis of
the cascade were apparent. Some of these were explained by Karl Cohen
of Columbia and by Manson Benedict, who advised Percival C. Keith of
Kellogg on theoretical problems. One complication was introduced by the
fact that natural uranium was more than 99-per-cent uranium 238. In the
stages of the plant near the feed point, therefore, very large quantities of
hexafluoride gas would have to be pumped through the converters. The quan-
tities of gas to be pumped would be somewhat smaller near the bottom of
the cascade and very much smaller near the top. Cohen had calculated the
quantities of gas at each stage in the cascade and had plotted these values on
a graph (similar to Figure 8). Obviously, in an ideal cascade, each of the
thousands of converters and pumps should be of slightly different size. But
for a practical design, Keith and his engineers would have to settle for just a
few sizes of equipment. Cohen and Benedict had the task of determining how
best to approximate the theoretical curve with the equipment sizes to be
manufactured.

The most persistent difliculty continued to be the production of a suit-
able barrier material. Francis G. Slack, a physicist on leave from Vanderbilt
University, explained to the S-1 Committee the conclusions his group had
reached after hundreds of tests of many materials. Slack believed that cer-
tain metals might lead most quickly to a barrier for a pilot plant, if not
for final production equipment. During the summer of 1942, Slack had se-
lected many materials and had tested them in separating helium from carbon
dioxide. Keith had arranged through Kellogg for the American Brass Com-
pany to produce the best of these in quantity. American Brass had developed
a number of techniques which produced much better material than had been
made in the laboratory. Likewise, continued research by Willard F. Libby
and others at Columbia had resulted in a vastly improved product. The chem-
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istry group had also studied the corrosion rate of uranium hexafluoride on
various barrier materials and investigated ways of stabilizing them against
corrosion.
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Figure 8. A schematic drawing resembling one that Cohen and others used to approximate
the ideal gaseous-diffusion cascade with only a few sizes of equipment, October, 1942.

Despite these accomplishments, it was evident by the end of the sum-
mer that the metals tested would provide scarcely more than a makeshift bar-
rier. The corrosion rates were high, the material brittle and fragile, and the
separative quality far from uniform. Fortunately, other members of the
gaseous-diffusion team were studying new barrier materials which seemed to
offer success in the long run. Since it seemed certain that nickel would best
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resist corrosion by process gas, attention was turning to various types of
nickel barriers. Foster C. Nix at the Bell Telephone Laboratories had already
experimented with fine nickel powder. Edward O. Norris of the C. O. Jelliff
Manufacturing Corporation and Edward Adler of the College of the City of
New York had still another idea for metallic nickel. Both types of nickel bar-
rier, however, were far behind those employing other metals in terms of
process development, and there was doubt that either would be ready be-
fore the end of the war.

Design of the converter in which the barrier would be used was pri-
marily Kellogg’s responsibility.”® Designs considered at this time were dic-
tated by the physical properties of the metal barrier. Keith envisaged the con-
verter as a long rectangular tank in which several pieces of barrier would
be placed.

Next to the barrier, the toughest problem was the design of pumps.
Pumping of relatively heavy, highly corrosive gas at high velocities, with no
leakage into or out of the system was an imposing assignment. Because Keith
had decided that centrifugal pumps would be required in the larger, lower
stages of the plant, Kellogg had subcontracted their development to Inger-
soll-Rand. During the summer of 1942, Ingersoll-Rand reported excellent
progress on the design of both pump impellers and shaft seals. By Septem-
ber, the company was ready to begin test operation of a full-scale pump with
freon gas. Meanwhile, Henry A. Boorse and others at Columbia were design-
ing various types of reciprocating pumps which might also serve in the cas-
cade. Here design of the seals was the principal concern among the usual
problems of corrosion resistance, efficiency, and reliability.

Columbia and Kellogg were making progress, but for Conant and his
committee, the proof of the process lay in the production of more than test-
tube quantities of uranium 235. The New York research combine had not yet
succeeded in doing that. During the summer, Rex B. Pontius had operated a
laboratory apparatus consisting of one small converter and one pump, which
tested small barrier samples with a mixture of carbon dioxide and helium. A
group under Eugene T. Booth had built a twelve-stage system, which they
operated in Pupin Laboratory, first with the same gases and later with ura-
nium hexafluoride. By the time of the October meeting, they could report a
very small separation after a five-hour run. Nothing resembling a production
run could be anticipated, however, until Keith could complete the ten-stage
pilot plant for which ground had just been broken in Jersey City.

In short, the S-1 Committee found some reason for encouragement in
New York. Positive results were coming from the design and testing of com-
ponents. On the debit side were the failure to produce a satisfactory barrier
and the lack of evidence that the process could produce uranium 235 in prac-
tical quantities. Progress inspired limited confidence, if not enthusiasm,
among the S-1 Committee members.
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CONANT’S APPRAISAL

The last week end in October gave Conant time to reflect upon the things he
had seen and heard during the two strenuous days in Pittsburgh and New
York. On Monday morning, October 26, 1942, he outlined his conclusions for
Bush.*” No one process had yet emerged as superior to all the others, but
the centrifuge was definitely the weakest. The S-1 Executive Committee on
November 13 would have to decide whether or not to discontinue it. Gaseous
diffusion still looked feasible but might be extremely difficult to complete in
the time available. The pilot plant would not be ready until June, 1943, and
no significant results from its operation could be expected before September.
Conant could see no chance that either a centrifuge or gaseous-diffusion plant
could be in operation before January 1, 1945. Still, Conant had not discarded
the idea of a full-scale gaseous-diffusion plant.

There were, however, some aspects of gaseous diffusion which im-
pressed Conant. Keith was convinced that the process was feasible on an in-
dustrial scale, and Conant had come to respect his judgment as practical and
down to earth. Furthermore, Conant’s trip to New York had led him to ques-
tion the necessity for the pilot plant, which would require almost a year of
effort. The very nature of the plant made it incapable of producing any ap-
preciable amount of material before it was ready to turn out uranium 235 at
full capacity. For this reason, a full-scale plant could be completed almost as
soon as a pilot plant. He also recognized that the so-called pilot plant which
Kellogg was building at Jersey City would not actually produce any uranium
235, but would only demonstrate the units for a large-scale plant. This reali-
zation of the limited value of the Jersey City pilot plant would have an im-
portant effect on impending decisions.

On the pile, progress during the summer seemed to be a reasonable
basis for continued optimism. Conant noted that Lawrence, Compton, and
Oppenheimer all had great hopes for the Chicago project. Compton, in fact,
was now thinking of full-scale production by the spring of 1944. Conant,
however, remained sufficiently skeptical about both the ultimate success of
the pile and the time schedule to offer to buy the entire S-1 Committee a
champagne dinner if the project attained full production by January 1, 1945.

All this deliberation led Conant to conclude that Lawrence’s method
remained the best bet for producing fissionable material before the end of
1944. True, there were more difficulties in the process than he had imagined
earlier; the amount of equipment involved and the complexity of operation,
Conant thought, staggered even Lawrence. Yet it still seemed conceivable if
unlikely that the electromagnetic process would yield a kilogram of fission-
able material by January 1, 1944. Conant recognized that the process might
never be practical for large-scale production, but if it could be made to pro-
duce 100 grams of uranium 235 per day fairly regularly by the spring of
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1944, the physicists and chemists might have by the end of that year the
first kilogram which they needed to determine specifications for a nuclear
weapon.

NEW WEAPON REQUIREMENTS

Ultimately, the selection of a production process would depend upon weapon
requirements, a subject which had received little attention before the sum-
mer of 1942. Before much could be done to refine the crude estimates which
Compton had made in January of critical mass and weapon efficiencies, it was
necessary to compile data on basic nuclear reactions which required not only
the use of cyclotrons, fast-neutron sources, and other scarce equipment but
also the services of exceptionally skilled experimentalists. Early in 1942,
Compton had given Gregory Breit the responsibility of co-ordinating the
basic experiments on fast-neutron reactions at several universities and re-
search institutions. With little authority and virtually no priority for his proj-
ect, Breit found it difficult to mount the kind of effort he knew would be
necessary to design the weapon. As a theoretical physicist, he did not find
the administrator’s role congenial, particularly after personality frictions de-
veloped at the Metallurgical Laboratory. A disagreement with Compton on
security practices and a growing skepticism about the project resulted in
Breit’s resignation on May 18.” Having anticipated this event, Compton lost
little time in choosing Breit’s successor. His choice fell on Robert Oppen-
heimer, the California physicist who had assisted him in estimating weapon
efficiencies earlier in the year. Oppenheimer accepted the assignment on the
condition that he have as assistant someone with more experience than he
had in experimental physics.”® Compton selected John H. Manley, a physi-
cist from the University of Illinois who was already engaged in cyclotron
work at the Metallurgical Laboratory.

An organization meeting in Chicago on June 6 convinced Oppenheimer
and Manley of the need for changes. They agreed that Oppenheimer would
establish a group on theoretical physics at Berkeley, while Manley would use
a firm hand in directing experimental work from Chicago. Heydenburg
would continue his measurements at the Carnegie Institution on fission cross
sections for both slow and fast neutrons in uranium 235 and 238. John H.
Williams at Minnesota would continue his studies of analytical methods and
the calibration of neutron sources. Joseph L. McKibben at Wisconsin would
concentrate on scattering cross sections for fast neutrons. Several groups at
the Metallurgical Laboratory would work on both measurements and in-
strumentation, while others at Berkeley, Cornell, Rice Institute, and Stanford
would perform special measurements.*

Co-ordinating the efforts of this loose confederation of scientists was
more than a full-time job for Manley during the summer of 1942. Not only
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was there the usual problem of keeping the experimenters on the narrow path
of investigation which led most directly to the project’s objectives; there was
also the much more exacting task of reconciling widely divergent results and
trying to make some meaning out of them. Before many weeks had slipped
by, Oppenheimer was convinced that the critical problems lay not in theory
but in the lack of good experimental data. He found that theoretical studies
took no time at all, compared to the slow, painstaking process of accumulat-
ing cross-section data. '

The neat answers which Conant needed had to come from the theo-
retical group at Berkeley. There Oppenheimer assembled a group of theo-
reticians, including John H. Van Vleck, Robert Serber, Edward Teller, Emil
J. Konopinski, Stanley P. Frankel, Hans A. Bethe, Eldred C. Nelson, and Felix
Bloch. At a meeting late in June, the group reviewed the theoretical and ex-
perimental results and concluded that there were no major gaps in the theory
of the fastneutron reaction.® Nevertheless, the precise calculation of the
amount of fissionable material needed for the weapon, the efficiency of the
reaction, and the destructive effect of the weapon was not so easily accom-
plished. The discrepancy in experimental results made it impossible to do
more than select possible ranges for these values. It was significant, how-
ever, that by the fall of 1942 the group’s estimate of the amount of fission-
able material needed for a weapon was moving toward a value twice as large
as that stated in the March and June reports to the President.

This discouraging result was more than balanced by a startling con-
clusion by the theoretical group. Its discussions and calculations suggested
that a much more powerful reaction than nuclear fission might be produced
by the thermonuclear fusion of deuterium, the heavy-hydrogen isotope. So
breathtaking was this new possibility that in July Oppenheimer made a spe-
cial trip to Compton’s summer retreat in Michigan to tell him the news,
which soon spread among the scientists at Berkeley and Chicago despite the
conscientious efforts of most to suppress any accidental reference to the pos-
sibility of a powerful weapon using a more easily attainable material. Oppen-
heimer arranged for basic nuclear studies of the very light elements using the
cyclotrons at Harvard and Minnesota; members of the S-1 Executive Com-
mittee with straight faces evinced a new interest in the priorities assigned to
the heavy-water plant at Trail, British Columbia; and a special meeting to
plan research on the thermonuclear reaction was held in Chicago before the
end of September.*

SEARCH FOR A SHORT CUT

The new results from Berkeley had important implications for Conant in his
efforts to select a production process. From the beginning, he insisted that all
planning be done strictly in terms of a weapon which would be ready
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for the present war. The production of the weapon was primarily a race
against time, and now that the fissionable-material requirement for the
weapon seemed to have doubled, time was even more important. It would no
longer be possible to think of building small-scale plants which might pro-
duce a few kilograms of material. Scores of kilograms now seemed necessary
either for fission or fusion weapons. More scientists were accepting the
Army’s plea for an industrial complex which would produce weapons in num-
bers. If the bomb were to have any use in the war, quantity production of
fissionable material would be necessary within the next year. Certainly the
possibilities were not good in late October, 1942. Could Conant dare to hope
for some short cut to the weapon? Could he presume to suggest a giant stride
over pilot plants and all intermediate steps, from laboratory experiments to
full-scale plants? If there were reasonable chances for success, he would not
hesitate. But what were the chances? Conant moved fast to find out.

In many ways Conant thought that the pile was the wildest gamble of
all. As he suggested in his October 26 memorandum to Bush, he had strong
reservations about its feasibility. He found Compton’s time schedule un-
realistic, and he doubted whether Chicago could do the job, particularly the
large-scale separation of plutonium from irradiated uranium. If Compton dis-
agreed with Conant on feasibility and the time schedule, he shared the con-
cern over the plutonium separation process. Since June, Compton had con-
sistently attempted to broaden the base of his organization by contracting
parts of the work to experienced companies. Over the protests of his col-
leagues, he had welcomed the contract with Stone & Webster to design and
construct the experimental pile facilities in the Argonne Forest. During the
summer, he had urged Colonel Marshall to select an operating contractor
promptly so that the company selected could have the benefit of participating
in the development of the plant.

The most obvious need for outside help lay in the construction and
operation of the plutonium separation plant. In August, Compton had ar-
ranged to borrow Charles M. Cooper, an experienced chemical engineer,
from the du Pont Company. Cooper’s presence in Chicago demonstrated the
possible advantages of Compton’s suggestion that du Pont be selected as op-
erator of the experimental plant. Stone & Webster by this time was growing
more uneasy about the scope of its assignment as plans for the Tennessee site
evolved on an ever increasing scale. Perhaps du Pont could be induced to sup-
ply additional engineers to assist Stone & Webster.”

General Groves seized on this suggestion when he took command of
the Manhattan project. He had frequently worked with du Pont in the con-
struction of military explosives plants. He was impressed not only by the
experience and competence of the company but also by the fact that du Pont
had its own engineering department which built the plants the company was
to operate. Why could not du Pont help Stone & Webster on design and con-
struction of the plutonium separation plant and then take over as operator?
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On the industrial scale, Seaborg’s method would lend itself to some of the
processing techniques which du Pont had used in its own chemical plants.
After discussing the idea with Stone & Webster’s executives, Groves presented
it to E. G. Ackart, du Pont’s chief engineer, on September 28. Ackart was in-
clined to believe that du Pont would prefer to assume full responsibility for a
distinct portion of the work as a prime contractor rather than to be a jack-of-
all-trades as a Stone & Webster subcontractor. But he agreed to carry the re-
quest back to the du Pont executive committee in Wilmington. Before the
end of the week, du Pont officials returned to Washington to negotiate a con-
tract covering design and procurement of equipment for the separation plant.
A letter of intent was signed on October 3, and the additional du Pont per-
sonnel appeared in Chicago early the next week.

For Groves, the October 3 contract was but a beginning of his plans
for du Pont. Within a week, he was back in Ackart’s office with a request
that the company take over the design and procurement of certain equipment
for the pile. Ackart could not see how this assignment was related to du
Pont’s experience and suggested several other companies which the General
might contact.®*

Conant agreed that the pile project needed one of the nation’s largest
and most experienced industrial organizations, and he thought du Pont
would be the best choice. He had been a du Pont consultant and was a friend
of Charles Stine, a member of the executive committee. Groves called Willis
F. Harrington, a du Pont vice-president, and asked him to come to Washing-
ton on Saturday, October 31. There would be no objection if Harrington
brought Stine.

Groves pulled no punches in his discussions with the du Pont officials.
Without speaking specifically of weapon uses, he emphasized the importance
of the pile project to the war effort. He was convinced that du Pont could
do the job better than any other company and that the task was beyond
the capacity of any other company. The outcome of the war might well de-
pend upon du Pont’s willingness to take over the design, construction, and
operation of the full-scale pile project.

The news which Stine and Harrington carried home to Wilmington
troubled the du Pont executive committee. If the stakes were what Groves
claimed, the company could not easily refuse. If the disadvantages were what
they seemed to be at first glance, the company could not easily accept. The
process, particularly the chain reaction, went far beyond the company’s ex-
perience. The project would cause a heavy drain on du Pont’s already short
supply of technical personnel. Above all, Stine and Harrington were alarmed
by the incredible specifications of Seaborg’s process for plutonium separa-
tion. The company needed time and information to reach a decision. The ex-
ecutive commiitee notified Groves that, before giving an answer, du Pont
would have to inspect the research in progress at the Metallurgical Labora-
tory.%®
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The group which arrived in Chicago on November 4 represented some
of the best engineering talent in the du Pont organization. Stine, an organic
chemist, had worked his way through the explosives and dyestuffs depart-
ments to the executive committee. Elmer K. Bolton had a similar background
and was now general manager of the chemical department. Roger Williams,
assistant general manager of the ammonia department, had twenty years of
experience in the design and operation of chemical plants. At the other ex-
treme was Crawford H. Greenewalt, a young chemical engineer who was di-
rector of research in the Grasselli department. Three members of du Pont’s
engineering department, including Tom C. Gary and Thomas H. Chilton,
brought to the group their knowledge of industrial construction. Within a
week, they observed every aspect of the research activities in Chicago and re-
turned to Wilmington.

On November 10, less than two weeks after Stine and Harrington
had gone to Washington, du Pont was ready to talk. Groves, Nichols, Comp-
ton, and Hilberry met with the du Pont executive committee in Wilmington.
Prior to the meeting, Groves gave Walter S. Carpenter, Jr., the du Pont presi-
dent, assurances that the President, the Secretary of War, and General Mar-
shall considered the project of utmost importance to the war effort. Groves
also admitted to Carpenter that under normal circumstances, the scientific
knowledge available would not have been considered sufficient even to go into
the design stage, but the paramount importance of the project made impera-
tive the design, construction, and operation of the plants at the earliest possi-
ble date.

Then the du Pont officials presented their evaluation of Compton’s
project.®® They emphasized that there were no positive assurances it would be
successful. The self-sustaining chain reaction had not been demonstrated;
nothing was known about the thermal stability of the reaction; no workable
pile design seemed to be available; and the recovery of plutonium from
highly radioactive material had not been demonstrated on more than a mi-
crochemical scale. By making all favorable assumptions, the du Pont staff es-
timated that it might be possible to produce a few grams of plutonium in
1943, a few kilograms in 1944, and to attain regular production in 1945. They
could make no final decision, however, until the project had been compared
with the other approaches to fissionable material production. Du Pont recom-
mended that comparable feasibility reports be prepared on the other proj-
ects. In effect, the du Pont group admitted the outside possibility of meeting
Compton’s time schedule but insisted that the odds for doing so were ex-
tremely poor. If the report tended to confirm Conant’s skepticism about the
pile, Groves was encouraged that du Pont did not withdraw. He thought the
company would probably accept the assignment if the process appeared to be
the fastest route to a weapon.

When Groves returned from Wilmington after the November 10 meet-
ing, he and Conant were ready to decide on the uranium 235 separation
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processes. They agreed to bypass the electromagnetic pilot plant in favor of
the immediate development of at least a portion of the full-scale plant.*
They had already agreed to a similar approach on gaseous diffusion. Since
the end of October, Kellogg had been drawing up plans for a section of a
full-scale gaseous-diffusion plant. The centrifuge could be eliminated.

The Military Policy Committee ratified these decisions on Novem-
ber 12. Du Pont and Stone & Webster would develop full-scale pile and elec-
tromagnetic plants. The gaseous-diffusion pilot plant was not to interfere
with either. Depending on Kellogg’s report, the commiitee might authorize a
six-hundred-stage gaseous-diffusion plant.*®

On November 14, the S-1 Executive Committee met in Conant’s office
in Washington. Conant, Briggs, Compton, Lawrence, Murphree, and Urey at-
tended. Keith summarized the lengthy Kellogg report.*® He thought he could
complete the six-hundred-stage plant in ten months. It could later serve as the
lower portion of a cascade capable of producing fully enriched uranium
235. After Keith left, Groves pointed out that this project might interfere
with the electromagnetic and pile efforts, but he thought the plant could be
in operation within fifteen or sixteen months after orders were placed. In its
priority list, the committee placed the six-hundred-stage plant below the
electromagnetic plant but above a second pile. During the afternoon session,
the committee canceled the electromagnetic pilot plant and asked du Pont to
recommend a process for producing an additional two and one-half tons of
heavy water in the United States. All of these actions were routine; they rep-
resented nothing more than scientific approval of the decisions taken by the
Military Policy Committee two days earlier.

A CRISIS FOR COMPTON

The November 14 meeting had its surprises. Before the day ended, both Co-
nant and Groves were shaken by two disquieting developments in the pile
program. The first came during the morning session when Compton blandly
stated that he would build the first chain-reacting pile under the university
stadium on Chicago’s south side rather than in the Argonne Forest Preserve.
Compton later recalled that Conant turned white at this news and that Groves
rushed to the telephone to satisfy himself that the Argonne site could not be
used.” Labor disputes had delayed the pile building scheduled for comple-
tion by October 20. When Fermi had seen that he could begin to assemble the
pile before that date, he had convinced Compton that his calculations of the
delay of neutron emission in the chain reaction were reliable enough to rule
out the possibility of a runaway reaction or explosion. Not daring to seek ap-
proval from either the Army or the university administration, Compton had
taken it upon himself to authorize the construction of the pile in the racquets
court where Fermi had performed the exponential experiments. First there
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had been the downward revisions in the value of k; then the decision to en-
large the pile by 15 per cent; then the failure to complete the pile build-
ing; now the gamble with a possibly catastrophic experiment in one of the
most densely populated areas of the nation!

If this disclosure did not weaken the S-1 Committee’s faith in Comp-
ton’s judgment, the news during the luncheon period shook the committee’s
confidence in the pile process to its foundations. Wallace A. Akers, the Brit-
ish technical chief, who joined Conant for lunch, informed him of Chad-
wick’s recent conclusion that plutonium might not be a practical fissionable
material for weapons. He reasoned that alpha particles emitted by the pluto-
nium would produce neutrons in light-element impurities, which in turn
would fission the plutonium and spoil the weapon before it could be com-
pletely assembled. Scarcely able to believe what he had heard, Conant
checked Akers’ statement with Lawrence, who confirmed the possibility.

That evening, after the S-1 meeting, Conant asked Lawrence and
Compton for an explanation. He did not know that the scientists both at
Berkeley and Chicago were aware of the danger. Early in October, 1942, Sea-
borg had discussed with Oppenheimer the possibility of spontaneous fission.
Later, Seaborg had calculated that neutron emitters like boron could not be
present in more than one part in a hundred billion of plutonium. On Novem-
ber 3, he had written Oppenheimer that he was “disturbed” about develop-
ing a chemical process to meet this specification. Before the two scientists
could agree on any precise values, the issue had erupted at the S-1 meeting.
Thus when Conant summoned Lawrence and Compton, they could only ac-
knowledge the danger but offer no positive solution.*

Conant alerted Groves, who assembled a special investigating com-
mittee consisting of Lawrence, Compton, Oppenheimer, and Edwin McMil-
lan. The committee’s reply four days later overflowed with confidence in the
plutonium process.? The new purity requirements the committee suggested
would tax du Pont and the scientists at the Metallurgical Laboratory, but
both Lawrence and Compton were confident they could be met. Almost be-
fore the report could reassure Conant, however, he received a study by Chad-
wick, who estimated that the total amount of impurities should be less than
ten parts in a million by weight. When Conant compared this figure with
those in the special committee’s report, he was more disturbed than ever.*®
He thought it would be extremely difficult to meet Chadwick’s specification,
which would permit less than one-tenth the amount of impurities deemed al-
lowable by the special committee. What concerned Conant just as much was
the possible implication that the Berkeley and Chicago scientists could not
produce accurate information. If this were true, it would not speak well for
American science, which, Conant thought, would be judged for decades on its
performance in the war projects. He hoped that the record would not show
that in the enthusiasm of the chase, American scientists had lost their critical
acumen and had failed to be realistic.
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Additional studies at Chicago and Berkeley during the following
weeks restored Conant’s confidence in the feasibility of the pile. Compton
countered du Pont’s unenthusiastic report with an impassioned defense of the
Chicago project. In his opinion, producing plutonium in 1943 was 99 per cent
certain and fabricating bombs with this material a 90-per-cent probability. He
defended the scientists at the Metallurgical Laboratory as unmatched in abil-
ity by any other group in the world. They were far better qualified, he in-
sisted, to judge the feasibility and safety of the project than were the du Pont
engineers, however talented they may have been. The Chicago group, he
said, understood the responsibility of its position and believed that abandon-
ing the plutonium project would be a national blunder. Lawrence agreed. He
had stopped at Chicago with Oppenheimer and McMillan after the special
committee meeting. After visiting the laboratory, Lawrence thought an all-
out effort on plutonium was justified. As for purity requirements, Oppen-
heimer explained the apparent discrepancies between the special committee’s
report and Chadwick’s conclusions. Compton in the meantime sent still an-
other letter to Conant. Security barriers rather than a lack of scientific com-
petence or acuity had caused the purity crisis.*

REAPPRAISAL

Groves and Conant, however, did not wait for time to resolve questions raised
at the S-1 Committee meeting on November 14. The events of that day sug-
gested a reappraisal of the entire S-1 project.®” Du Pont had recommended such
a survey in its report on the Metallurgical Laboratory, and some of those who
attended the meeting in Wilmington sensed that the company would be more
likely to accept the assignment after being permitted to inspect the work at
Columbia and Berkeley. It was not surprising, therefore, that du Pont had
strong representation on the committee appointed by Conant and Groves. To
head the review, they turned to Warren K. Lewis, the chemical engineering
professor who had served a year earlier on the National Academy committee.
All the members of the group had at one time or another attended Lewis’
classes at the Massachusetts Institute of Technology. The three du Pont mem-
bers represented the three major aspects of the project: Greenewalt for re-
search, Gary for engineering and construction, and Williams for plant opera-
tion. The fifth member was Murphree, who became ill at the last moment
and was unable to serve. The du Pont members were concerned about the
lop-sided composition of the group, especially after Murphree dropped out.
But there was no time for additional appointments; Groves insisted that the
review start at once.

Groves announced the appointment of the Lewis committee on
Wednesday, November 18. Compton hurried back to Chicago that night and
called a special meeting of his staff on Thursday morning. The situation was
critical. In exactly seven days the committee would be coming to Chicago to
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determine the fate of the pile project. Unless it could be led to share the
optimism at the Metallurgical Laboratory, the work and dreams of the past
year might be discarded. Wasting no time, Compton asked members of his
staff to prepare sections of a feasibility report which would bring together all
relevant data on the pile, plutonium separations, and the weapon. In the
meantime, the experimental group under Fermi did all in its power to com-
plete the pile and demonstrate the nuclear chain reaction.** By recruiting all
available help, Fermi and his assistants proceeded with the arduous task of
machining the forty thousand blocks of graphite, unpacking blocks of ura-
nium metal and oxide, and assembling them in the pile. Compton and his
staff were convinced that the chain reaction was a certainty; perhaps this last
great effort would justify the months of faith and work.

The Lewis commiitee assembled in New York on Sunday evening, No-
vember 22. The following day, the members discussed the gaseous-diffusion
project with Urey, Dunning, and Keith. Then they inspected the experimen-
tal equipment in the Columbia laboratories. From what little they knew of the
Columbia project before leaving Wilmington, they had been impressed
with the possibilities of gaseous diffusion. Their New York visit confirmed
this impression. The process seemed similar to some perfected before in the
chemical industry. Even the work on barrier bore some resemblance to the
development of catalysts for chemical processing. The committee was confi-
dent that, given enough concentrated study, the gaseous-diffusion process was
sure to succeed. On the other hand, it was equally certain that the Kellogg-
Columbia alliance as then constituted could not do the job. Far from being a
united team dedicated to practical goals, the Columbia group seemed to be an
informal association of academic scientists primarily interested in basic re-
search. Since Keith seemed to have no voice in the work at Columbia, the
Kellogg group was apparently pursuing an independent course on engineer-
ing and design. The committee agreed that gaseous diffusion was a most
promising approach, but they saw a need for better organization and direction.

On Wednesday afternoon, November 25, the committeemen left Wil-
mington by train for Chicago. They arrived Thanksgiving morning and spent
the day with Compton and his associates. Since the three du Pont members
had inspected the Chicago project three weeks earlier, the stop was primarily
for Lewis’ benefit. Compton, however, did not miss his opportunity. Hil-
berry’s hundred-page report reflected the determination of the Chicago
group.”” Capital letters on the first page proclaimed that the production of plu-
tonium in quantities of military value was feasible. With full support for the
project, the first 500 grams of plutonium could be produced in 1943 and the
first bomb ready in 1944, with regular production in 1945. Appendices
showed the chain reaction could be sustained and controlled, that sufhicient
materials for full-scale operation could be obtained, that plutonium could be
produced and separated in quantity, and that it could be safely processed into
weapons. But the fact remained that Fermi had not yet demonstrated the
chain reaction. With neither enough high-grade graphite nor pure uranium
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metal for the pile, Fermi was surrounding an inner core of superior materials
with a shell of commercial graphite and uranium oxide. Despite the devotion
and labor of Fermi’s group over many weeks, the pile was not ready for op-
eration before the committee took the train that same night for Berkeley.

When the committee arrived in Berkeley on Saturday afternoon, Law-
rence launched at once into a briefing on the electromagnetic process. After
the long train ride from Chicago, Lewis and his associates were too tired to
enjoy the dinner which Lawrence had arranged at Trader Vic’s, but they
gamely returned to Berkeley for a full evening of presentations by Law-
rence’s enthusiastic staff. On Sunday morning they observed the operation of
the calutrons in the cyclotron building. Everywhere they felt the impact of
Lawrence’s dynamic leadership, but the visit did not dispel their doubts that
Lawrence could develop a full-scale electromagnetic process. Before the day
was over, the committee boarded the train for Chicago, where they hoped to
find Fermi’s pile in operation.

In Chicago, the Lewis committee officially devoted the morning of De-
cember 2 to discussing the advantages of a heavy-water pile, but most
thoughts were on the bizarre structure of uranium, graphite, and wood which
Whitaker and Zinn, the night before, had completed under the stadium. By
9:45 that morning, Fermi had removed the first of the control rods from the
pile, and before noon, summoned Compton to witness the final phases of the
experiment. Greenewalt, as a representative of the reviewing committee, ac-
companied him. From the balcony of the racquets court, where Fermi and
about twenty of his group were monitoring the array of instruments and
observing the course of events, Compton could see the massive structure of
the pile containing almost 400 tons of graphite, 6 tons of uranium metal, and
50 tons of uranium oxide. As the hours passed, Fermi repeated the tedious
procedure of removing short lengths of the cadmium control rods and read-
ing his instruments. Finally, at 3:20 p.M., the counters indicated a sustained
chain reaction. In a few minutes, after an energy release of less than one
watt, the increase in radioactivity in the room required Fermi to shut down
the pile. Sustained operation would not be possible until the pile could be
moved to the Argonne site, but the long quest was over. Greenewalt re-
turned to his colleagues with the glow of success on his face. And after Comp-
ton had bid farewell to the committee, he called Conant at Harvard. “Jim,” he
said, “you’ll be interested to know that the Italian navigator has just landed
in the new world.” *#

LEWIS COMMITTEE REPORT

Significant as the December 2, 1942, experiment was in the history of tech-
nology, it was not in itself the key link in the closely ordered chain of events
during that fateful month. Unlike the discovery of fission, the first demon-



MELYIN & MILLER 48
ARGONNE NATIONAL LABORATORY

THE STAGG FIELD PILE, DECEMBER 2, 1942: AN ARTIST'S CONCEPTION / This first self-sustaining chain-reacting pile contained al-
most 400 tons of graphite, 6 tons of uranium metal, and 58 tons of uranium oxide. The figure in the foreground is withdrawing a control rod.



DEC.2 1942 START-UP
OF

FIRST SELF-SUSTAINING CHAIN REACTION
NEUTRON INTENSITY

IN THE PILE AS RECORDED BY A GALVANOMETER

NEUTRON | -
INTENSITY| =

SHARP DROP IN

TIME
™M
GCONTROL RODS LEVELING OF SHARP DROP DUE SELF SUSTAINING
REMOVED INTENSITY  INDICATES TO CHANGE IN REACTION INTENSITY DUE
PILE NOT YET SCALE OF EXPONENTIAL RISE OF TO INSERTION
"CRITICAL" RECORDING INSTRUMENT INTENSITY WITH NO OF CONTROL ROD
EVIDENCE OF

LEVELING OFF

ARGONNE NATIONAL LABORATORY

RECORD OF FIRST SELF-SUSTAINING CHAIN REACTION, DECEMBER 2, 1942 / Neutron intensity in the pile as recorded by a gal-

vanometer.



COMMITMENT / CHAPTER 4

stration of the chain reaction did not come as an unexpected burst of knowl-
edge which staggered man’s comprehension. It was rather the capstone of a
structure which Fermi and others had been patiently building since the first
weeks of 1939. To those most closely related to the work at Chicago, the
final experiment verged on the anticlimactic. The famous bottle of Chianti
which Eugene Wigner provided for the occasion had been purchased almost a
year earlier in confident expectation of the event. Strictly speaking, the deci-
sion did not await the event; the event confirmed the decision already made.
Before the Lewis committee members arrived in Chicago on their return trip,
they had drafted their report which recommended continuing the pile project.
The day before the Chicago experiment, Groves had sent du Pont a letter of
intent authorizing design and construction.

The most significant feature of the Lewis committee report concerned
not the plutonium process but gaseous diffusion.*® The committee concluded
that “of all three methods, the diffusion process is believed to have the best
over-all chance of success, and produces the more certainly usable material.”
Its recommendation was to design and construct the entire, full-scale gase-
ous-diffusion plant. Thus, after many months of neglect, diffusion regained
the place it had held just a year before.

For the electromagnetic process, the committee recommended inten-
sive development work on the experimental units at Berkeley to see whether
the capacity of the calutron could be increased. With the equipment then
available, about 22,000 calutrons would be necessary for a full-scale plant, a
number considered too large to be practical. In the present state of develop-
ment the committee did not believe that the electromagnetic process could
produce fissionable material in quantities of military significance. The com-
mittee was less certain whether it should take advantage of the fact that the
calutrons could produce a small amount of uranium 235 in a relatively short
time. This advantage had impressed Bush and Conant in March. The com-
mittee recommended construction of a small plant consisting of 110 calu-
trons, which could produce a total of 100 grams of uranium 235 for physical
measurements. Nuclear tests, it believed, required enough material for a
weapon, and that meant a full-scale production plant. Since that possibility
had already been ruled out, the committee could see no need for anything
larger than the hundred-gram plant.

This recommendation drew virtually all the fire leveled at the report
by the S-1 Executive Committee at its meeting in Washington on Decem-
ber 9. Murphree, still sick, wrote that he believed the electromagnetic proc-
ess should be pushed harder. Lawrence thought that the committee’s cost
estimates did not reflect recent improvements. He thought he might get
enough uranium 235 from the calutrons for the first weapon by July, 1944.
Conant supported Lawrence in his opinion that the Lewis committee had
overemphasized the difficulties and underestimated the value of having a
weapon within eighteen months.”® Since bomb design was becoming more
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complicated, Conant wanted enough material for one test explosion. If the
Germans should explode atomic weapons before the American plants came
into full production, it would be of great psychological value to know
whether the American bomb design would work, even though production by
the electromagnetic process continued to be small. A plutonium weapon
seemed much less certain than the uranium bomb, and Conant could not for-
get the fact he had uncovered during his October trip to New York; namely,
that the entire diffusion plant would have to be completed before enough
material could be accumulated for one weapon. He admitted that the elec-
tromagnetic process would look much less promising if several stages were
needed to produce fully enriched uranium 235 or if the minimum amount of
material for a weapon turned out to be several times the present estimates. In
his opinion, it was essential to build an electromagnetic plant of 500 or 600
calutrons, which would produce at least 100 grams of uranium 235 per day.

DECISION

During the afternoon session on December 9, the S-1 Committee considered a
report Groves had drafted for the President. As revised, the report carried
the Lewis committee’s recommendations with one exception: the pile was to
be developed at once at full-scale without any intermediate plant. This did
not mean, however, that Conant had abandoned his fight for the electro-
magnetic process. His sharp attack on the Lewis committee report required
him to spend several hours with that group on December 10. He ended by ad-
mitting that his comments might have conveyed some false impressions about
the report, but the meeting did not change his original conviction that the
production of at least one weapon in 1944 was of supreme importance.™
When Conant met with the Military Policy Committee later that day, Groves’s
report was revised to provide for the construction of an electromagnetic plant
to produce 100 grams per day,” a compromise between a full-scale plant and
that recommended by the Lewis commiitee to produce a total of 100 grams.

The report Bush sent to the President on December 16, 1942, ap-
proached the issues in terms of bomb size.”® The new estimate doubling the
amount of fissionable material for the bomb would not only increase the
size and cost of the production plants, but would require a longer period to
obtain the first bomb, which might end the war if the enemy were wavering.
Also, the S-1 Committee had reduced the number of approaches to the
weapon from four to three, rather than to one or two as originally hoped. It
would now be necessary to build with utmost speed and the highest priorities
full-scale gaseous-diffusion and plutonium plants costing $150 million and
$100 million, respectively; a smaller electromagnetic plant which might later
be expanded to full size, at a cost of $10 million; and heavy-water plants at
ordnance works in the United States capable of producing 2.5 tons per
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month, at $20 million. Thus, the total effort would cost about $400 million,
$85 million of which had been authorized in June.

There was a small chance, in the opinion of the Military Policy Com-
mittee, that bomb production could begin before June 1, 1944, a somewhat
better chance before January 1, 1945, and a good chance during the first
half of 1945. It was extremely difficult to estimate whether this schedule
would beat the Germans. It seemed to the committee highly improbable that
the Germans would have an atomic weapon in 1943, but it was possible that
they might be six months or a year ahead of the United States.

Presidential approval on December 28 marked an important step in
the transition from exploratory research in the scientific laboratory under the
OSRD to an all-out production effort by private industry under Army super-
vision. Even before President Roosevelt initialed the December 16 report,
General Groves had entered into contract negotiations with a half dozen of
the nation’s largest corporations for designing, constructing, and operating a
giant industrial complex. Within a matter of days, Groves set his half-billion-
dollar enterprise in motion on a scale which would have been beyond the
wildest dreams of the S-1 Committee in the days after the Pearl Harbor at-
tack just one year earlier. Now that the commitment had been made, the S-1
Committee could begin to liquidate its operations. By the first of January,
1943, Conant and Richard C. Tolman had in effect replaced the committee as
Groves’s scientific advisers, although the change was not formally ratified
until March, when the committee transferred to the Army all their OSRD re-
search and development contracts on the basic processes. The committee
would continue to supervise several specialized research projects such as the
centrifuge and the isotron until the fall of 1943, but the main current had
now shifted decisively from the laboratory to the production plant.

The nation’s reaction to the dramatic act of war by the Japanese one
year earlier had been one of stunned disbelief. Confusion, indecision, and
frustration marked the early months of 1942, but by spring a discernible
plan of action had begun to emerge. By fall, those plans were taking ma-
terial shape in the arsenals of war, and by the end of the year the nation was
at last moving to the offensive. In a smaller way, the same pattern could be
seen in the newborn atomic energy program. Bush and Conant had trans-
lated the confusion, false optimism, and indecision of the previous winter into
a reasonable plan of operation by June. They had transferred authority to
the Army during the summer and hammered out decisions on production
processes and the scale of operation during the closing months of the year.
As 1943 opened, the immense cradle of a revolutionary industry was being
hastily carved out of the red soil of eastern Tennessee, and plans were being
laid for two new communities in the desert wastes of the western United
States. The race was on, and no effort to win would be spared. In the minds of
those responsible, the haunting question remained: could the Americans beat
the Germans to the atomic bomb?
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CHAPTER 5

CITY IN THE WILDERNESS

On a muggy morning in September, 1942, General Groves stood at a vantage
point near the hamlet of Elza, Tennessee, and looked southwest over the
terrain where the race for the atomic bomb might well be won or lost. To his
left, the main line of the Louisville & Nashville Railroad crossed the Clinch
River. On his right, roughly paralleling the river’s meandering course to the
south and west was Black Oak Ridge and beyond that, through the haze, the
outlines of the Cumberland Plateau. Between the river and the ridge from
Elza to Gallaher Ferry, sixteen miles to the southwest, lay a rectangular area
of roughly ninety square miles. Precisely folded by geologic forces, its
system of long parallel ridges and valleys had served as avenues for Ameri-
can settlement a century before. Generations of farming had exhausted the
bottom lands in the narrow valleys between the wooded ridges. Not even the
monumental projects of the Tennessee Valley Authority had yet dispelled
the cloud of depression which had settled over the area in the thirties. Few
more than 1,000 families remained to be evicted from their homes by the
Manhattan project.

In the weeks following the General’s visit, local residents abandoned
their churches, homes, schools, and roads, as the Army quickly acquired the
entire area as a military reservation. Sealed off by fences, signs, and road-
blocks, the site was closed to all but the tens of thousands of laborers, con-
tractors, and Army engineers who were to build the production plant and
town which would house the scientists and operating personnel. With no
thought of building a permanent or ideal community, the Army set out to
construct a temporary, low-cost housing development which would use a
minimum of critical construction materials and on-site labor.!

Stone & Webster, the Army’s general contractor, drew preliminary
plans for the town during the summer of 1942 in its Boston offices. On the
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assumption that the production plants would require a town with a popula-
tion of 13,000, Stone & Webster planned for 3,000 houses, 1,000 trailers,
several dormitories, a guest house, cafeteria, administration building, and
central laboratory. The contractor presented these plans to the Army on
October 26. The same day, the Army opened the offices of the Clinton Engi-
neer Works in the Andrew Johnson Hotel in Knoxville.

Before any construction could begin, extensive site preparation was
required. Stone & Webster, with the help of the Harrison Construction Com-
pany, removed existing structures and utilities, cleared and graded building
sites, and erected fencing and guard towers. From the beginning, poor roads
hampered construction. Except for some winding trails and paths, only five
country roads traversed the site—one along each of the three main valleys
and two cutting across the ridge-and-valley system from Scarboro and White
Wing Bridge on the south. None were paved with an all-weather surface
except that part of Route 61 which crossed a corner of the reservation near
Elza. Within a few months, construction crews had transformed some of these
narrow rural roads into four-lane highways carrying more than 10,000 cars
per day. Almost 100 miles of paved streets would be required for the town of
Oak Ridge and another 200 miles of pavement were planned to reach the
production plants isolated in outlying valleys. To this network the Army
planned to add a central railroad system with thirty-seven miles of track
connecting the site with the main line at Elza.

The town and central facilities would lie just beyond Elza gate on the
slopes of Black Oak Ridge and in the broad valley drained by the East Fork
of Poplar Creek. Down the center of the valley ran the new four-lane Oak
Ridge Turnpike, which was to become the central artery of the community.
On a rise to the left, facing the ridge, Stone & Webster began constructing the
main administration building on the Sunday before Thanksgiving in 1942.
In the absence of good roads and communications, progress was slow. One
rural telephone in a nearby farmhouse served as the only direct line to
Knoxville until December, when a three-position switchboard was set up on
the second floor of the Blue Moon Cafe on the turnpike where the town
steam plant was later constructed.

One of the first structures to be completed in 1943 was the administra-
tive building. Soon dubbed “the castle” by the new residents, the rambling
edifice dominated the expansive rise like a fortress, belied only by its flimsy
wooden barracks-type construction. The building served first as headquarters
for the Clinton Engineer Works, the formal name for the entire area, in-
cluding the town, within the security fence. Later, in the summer of 1943,
Colonel Nichols transferred the headquarters of the Manhattan District from
New York to “the castle” when he succeeded Colonel Marshall as District
Engineer. As the control center for the Manhattan project, “the castle” was
second only to General Groves’s liaison office in Washington.

Starting with Stone & Webster’s general layout of the town, Skid-
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more, Owings & Merrill began to prepare detailed plans for housing and
commercial facilities early in February, 1943. For family housing, they
developed plans for nine types of homes and three apartment buildings, all of
wood frame construction covered with cemesto board panels. Dormitories
and commercial facilities were to be low, rambling wooden buildings closely
resembling Army-camp architecture. In order to overcome the shortage of
local construction labor, Stone & Webster adopted the policy of keeping as
many contractors on the job as possible. As a result, more than sixty con-
tractors, selected by competitive bidding for lump-sum or unit-price con-
tracts, participated in town construction.

From the newly completed administration building, Colonel Robert C.
Blair and his town planning staff could look out during the spring of 1943
on a forest of half-completed structures arising from a sea of mud. Clustered
around the turnpike at the bottom of the valley were fourteen new dormi-
tories. Beyond, on the lower slopes of the ridge, the town business center,
later called Jackson Square, was taking form. Around the two-block area
were the post office, supermarkets, drugstores, shops, movie theater, central
cafeteria, and laundry. Higher on the slope were the guest house and the
site for the high school. Festooned on the ridge both east and west of the
town center were the cemesto homes and apartments for more than 3,000
families. A few to the east nestled among the shade trees of prewar Ten-
nessee, but by far the majority of the new homes were unceremoniously
wedged on the scarred contours of the ridge. In the low area on the opposite
side of the turnpike were temporary housing facilities for construction
laborers. Almost 5,000 workers lived in the boxlike prefabricated hutments
of plywood grouped around central washhouses and mess halls. Federal
housing agencies gathered more than 1,000 trailers from all parts of the
United States for supplemental housing.

By the first days of summer in 1943, trucks were struggling through
the mud with the household goods of the first permanent residents. House-
wives learned again how to live without telephones, central heating, and
spotless floors. Newcomers from every state in the Union began pouring into
the stores on Jackson Square before the buildings were completed, and the
flood seemed to have no end. A booming frontier town with a Klondike
atmosphere, Oak Ridge never grew fast enough. But the dislocations and
inconveniences of life in the mushrooming community were balanced by the
excitement and quickened tempo of the town.

Some of the hardships and much of the color of early Oak Ridge were
reflected in a letter to the townspeople in one of the first mimeographed
issues of the Oak Ridge Journal: “Yes, we know it’s muddy. . . . Coal has
not been delivered. . . . The grocer runs out of butter and milk. . . . Your
laundry gets lost. . . . The post office is too small. . . . There are not
enough bowling alleys. . . . Your house leaks. . . . The water was cold.
. . . The telephones are always busy. . . . The dance hall is crowded. . . .
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The guest house is full. . . . Employees are inexperienced. . . . The roads
are dusty. . . . You would have planned it differently.” 2 The letter went on
to assure the readers that some improvements would be made by the Roane-
Anderson Company, the new organization formed by the Turner Construc-
tion Company specifically to manage the town. Other complaints such as food
shortages would go unanswered until the end of the war, and some com-
plaints recurred with the skyrocketing growth of the town. In the fall of
1943, the Army planned additional homes for 5,000 families. Based on
designs developed by TVA, most of the homes were prefabricated in sections
in many distant cities and trucked to Oak Ridge. For other housing needs,
FHA provided 2,000 additional trailers. Local construction contractors threw
up an additional 55 dormitories and 500 hutments and barracks. Skidmore,
Owings & Merrill planned additional schools, shopping facilities, and
churches as total population forecasts rose to 42,000. New concentrations of
stores several miles down the Oak Ridge Turnpike at Grove Center and in the
trailer area at Middletown Center were but modest predecessors of a new
commercial institution that was to transform suburban America in the post-
war period.

The town existed merely to serve the mammoth production sites which
would soon rise in isolated portions of the reservation. The long ridges
shielded the narrow valleys from prying eyes and would help to contain the
effects of bombing or any cataclysmic accident which might befall these first
efforts to produce fissionable material. Closest to the town but separated from
it by East Fork Ridge was the site for the electromagnetic plant. Known as
the Y-12 area, it was a long strip of flat terrain within Bear Creek Valley. The
first plutonium-producing pile and its associated chemical separation build-
ings were to be located further to the south and west in Bethel Valley, in an
area called X-10. At the far southwest end of the reservation, on the old
Gallaher homestead was the K-25 area, where the gaseous-diffusion and
thermal-diffusion plants were to be built. Construction on the first two sites
started early in 1943, and all three had taken on the appearance of a giant
industrial complex before the end of the year. By that time, working esti-
mates had climbed to $24 million for the town and central facilities and $492
million for the production areas.

This investment was for one purpose only: to beat the Germans in the
race for the bomb. There had been great progress since the days of Pearl
Harbor, and the pace was ever quickening. But Bush, Conant, and Groves
could never forget that the Germans had an eighteen-months’ lead. The
American leaders knew that prominent German physicisis were investigating
the process of nuclear fission in 1939. After the fall of Norway, the Germans
had tried to increase the production of heavy water in a plant at Rjukan. The
fear that the Germans might be collecting heavy water for use as a moderator
in a pile to produce plutonium led to the British commando raid on the plant
in March, 1943. The evidence of German activity and the slow start of the
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American project alarmed Secretary of War Stimson. He told the President
late in February that he was deeply concerned. Roosevelt offered to provide
more money.® But more than money, Stimson needed tangible accomplish-
ment in the form of operating plants for the large-scale production of
fissionable material. That was the mission of K-25, Y-12, and X-10 at Oak
Ridge.

K-25 PRODUCTION TEAM

On December 10, 1942, the Military Policy Committee agreed to immediate
construction of a full-scale gaseous-diffusion plant. That decision reflected the
Lewis reviewing committee’s conviction that gaseous diffusion was the most
straightforward approach to isotope separation and thus the most likely to
succeed. Certainly the progress made by the Kellogg Company and the
Columbia University laboratory was not the basis for that favorable verdict.
The New York team had not yet built anything remotely resembling a pilot
plant. In fact, they had scarcely demonstrated the feasibility of the process
by the few laboratory experiments completed in 1942. Even more discon-
certing was the failure of the Kellogg-Columbia team to transform itself into
an efficient development organization. The company had made little impact
on the informal, academic methods of the university. The erratic fluctuations
between optimism and despair which pervaded the reports from Columbia in
1942 had dulled the reactions of the leaders in Washington. Groves and
Conant learned to discount such reports as the sincere but momentary
opinions of brilliant but unpredictable scientists.

One source of confidence in gaseous diffusion was Percival C. Keith.
Although sometimes impetuous, the blustery Texan fully understood the
requirements of an industrial process. When he saw during the autumn that
technical difficulties would long delay the completion of a pilot plant, he had
sold the S-1 Executive Committee on the six-hundred-stage plant.

Events moved swiftly. On Saturday morning, December 12, 1942,
Keith and other Kellogg officials met with General Groves and his lieutenants
to discuss a contract. A letter of intent was to be negotiated with Colonel
Marshall on Monday morning, December 14. As Keith outlined the project
for the General, he must have felt for the first time the full weight of the
assignment. He was to direct the construction of a tremendous plant using
an untried process. Such a plant, containing thousands of pumps and electric
motors, would require more electricity than most American cities. The task
would have been extraordinary even if it had involved a conventional tech-
nology. No wonder some of the Kellogg executives were less than enthusiastic
about risking the reputation of the company on such an enterprise. Even with
their wholehearted support, Keith knew he could not hope to recruit even
his senior staff from the Kellogg organization.*
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The corporate complications were resolved by creating a new com-
pany especially for the gaseous-diffusion job. Completely owned by Kellogg
and staffed with virtually the same officers, the Kellex Company would be a
separate entity with its own accounts and name to bear the stigma of possible
failure. In addition to performing the research and development functions
assumed by Kellogg a year earlier, the new corporation would design and
procure the thousands of components, prepare detailed plans of the entire
plant, supervise its construction, and direct the installation and assembly of
equipment.

Personnel needs were not so easily met. Keith could recruit a few men
from the Kellogg organization, like John A. Arnold, who served as his execu-
tive officer, or Albert L. Baker, Kellogg’s chief mechanical engineer on
refinery design, or Manson Benedict, a theoretical chemist who could cope
with the more complicated aspects of design, or Clarence Johnson, an excel-
lent process engineer. For most of his staff, however, Keith had to comb the
engineering world, which by 1943 had been well picked over for other war
projects. Even when Keith found a rare specimen, he could not always coax
his quarry into the Kellex net. Many of the design problems facing the Keith
team were sufficiently novel to require the very best of engineering skill and
imagination. At the same time, nagging little engineering puzzles often
proved poor fare for men of this caliber, especially when they were not aware
of the larger significance of the project. Keith even used the great cathedrals
of Europe as recruiting propaganda. To those who seemed reluctant to join
his ranks on a tedious but vital task, he would extol the European artisans
who had been content to devote a lifetime to the creation of a stained glass
window at Chartres or to the intricate figures sculpted on the doors of the
Baptistry in Florence. With these and other enticements, he succeeded in
assembling a topflight group of engineers.

Harder for Keith to control was the organization beyond his own
household. Since Kellex would not operate the plant, a second prime con-
tractor had to be selected, and, as far as Keith was concerned, the sooner the
better. He suggested several companies to Groves at the December 12 meet-
ing. A good operating contractor, he thought, could help in many ways dur-
ing design and construction. Upon the recommendation of Keith and several
du Pont officials, Groves arranged a meeting with executives of the Union
Carbide and Carbon Corporation. He proposed that Carbide start work at
once, not only to prepare for operation of the plant but also to assist Kellex
and the research group at Columbia. James A. Rafferty, a Carbide vice-
president, agreed. The Carbide engineers would supply at once a group of
trained technical personnel to study the data amassed by Kellogg during the
preceding yvear; they would, where necessary, investigate the design, opera-
tion, engineering, and construction of the plant; they would serve both
Kellex and the general construction contractor as consultant and inspector of
equipment installation. On January 18, 1943, Rafferty signed a letter contract
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for the Carbide and Carbon Chemicals Corporation, the Carbide operating
subsidiary. Through this contract Keith could now call upon the resources of
the Carbide empire, including the Electro Metallurgical Company, the Na-
tional Carbon Company, and the Linde Air Products Company. Here was
impressive talent, but the bonds uniting it with the rest of the project were
tenuous at best.’

At the same time, Keith never let his eye wander from Columbia.
There the struggle for a gaseous-diffusion process would be decided, and to a
businessman like Keith, that fact was not particularly reassuring. For all
their brilliance, the scientists at Columbia were not a reliable source of
support. They, like most academicians, seemed to Keith unpredictable and
ineffective, prone to wander off the straight paved road of practical progress
into interesting but irrelevant theoretical byways. John R. Dunning was,
perhaps, the most realistic of the group. Still the effective leader, if not the
nominal head of the Columbia project on gaseous diffusion, Dunning seemed
to many to be more an engineer than a physicist. He had been known to
suggest that possibly a scientist could have too much knowledge, that too
many facts would make him overly sensitive to the obstacles in the path of
technical advances. He grew impatient with theoretical proofs of what would
not work; he could feel in his bones that gaseous diffusion would be practical
for large-scale separation of uranium isotopes.

Dunning’s research organization had grown to an impressive size by
1943. Having appropriated all available space in Pupin Hall on the Columbia
campus, the gaseous-diffusion group had overflowed into Schermerhorn.
Before long Dunning was arranging for additional space at Princeton Uni-
versity, the Bell Telephone Laboratories in New York, and the Kellex Plant
in Jersey City. By the spring of 1943, Francis G. Slack’s section on barrier
research was approaching fifty members, and there were about thirty
scientists and technicians assigned to each of the other five groups. Henry A.
Boorse continued to direct the development of pumps and other mechanical
equipment. Eugene T. Booth was in charge of the cascade test units. The
many problems requiring the chemist’s skill fell on the broad shoulders of
Willard F. Libby. The development of analytical techniques was the respon-
sibility of Alfred O. C. Nier, a true master of the art. Hugh C. Paxton
provided the multitude of engineering services needed to support the activi-
ties of the laboratory.

On the campus, research continued in the same informal, loose-
jointed way which had characterized earlier investigations at Columbia. But
administrative activities had taken on a new dimension as the Army, then
Kellex, now Carbide joined the work. Early in January, Keith began calling
weekly staff meetings at the Kellex office in the Woolworth Building on
lower Broadway. Dunning usually represented Columbia, George T. Felbeck
attended for Carbide, and at least one representative of the Army, usually
Colonel James C. Stowers, acted for General Groves. Soon Carbide had
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offices in the same building. Dunning provided desks and books for the
Columbia scientists as an inducement to make the trek from Morningside
Heights for consultations with the engineers.®

FIRST BLUEPRINTS

The combined research forces first considered the general design of the plant.
Keith and others had made rough estimates of the magnitude and probable
requirements for a full-scale plant in 1942, but in 1943 it was time to be
more specific. The first step was to fix once and for all the general “shape” of
the cascade. As Cohen and Benedict had explained to the S-1 Executive Com-
mittee the previous summer, the gaseous-diffusion process ideally required an
infinite number of stages and equipment sizes. They had shown the committee
how to approximate the ideal cascade with a reasonable number of stages and
a relatively small number of equipment sizes. It was one matter, however, to
suggest how this might be done and quite another to produce a design that
could be employed with confidence in a $100 million plant. By the end of
1942, Cohen had completed more detailed calculations. He was now confident
that the shape of his pyramid was correct. He found that without seriously
impairing production or increasing the inventory of uranium in the cascade,
he could reduce the number of stages and equipment sizes in the plant, lessen
the possibility of leaks, and simplify operational procedures. Working from
Cohen’s calculations, Benedict and the Kellex design group in March, 1943,
completed a plot plan and general arrangement for the plant. They conceived
of the main production area as a series of contiguous buildings in the shape
of a U, occupying three sides of a rectangle 2,000 feet long and 1,900 feet
wide. Warehouses and railroad sidings would occupy the fourth side and the
central area would contain the powerhouse, electrical substation, cooling
towers, pump houses, and central control rooms. They established the
number of stages, the number of equipment sizes, and the general specifica-
tions for each size and type. From these, Kellex draftsmen prepared sketches
of typical sections of the plant. Keith gave all these data, assembled in a thick
orange book, to Columbia and Carbide for their guidance.”

For all the theoretical analysis and drawings, the Kellex report could
hardly serve as the basis for final engineering designs and plant construction.
So tentative were the designs of most components that it was impossible to
conceive what the most elementary configuration of cascade equipment might
be. Construction in the Y-12 and X-10 areas at Oak Ridge started early in
1943, but Kellex could not think of starting the gaseous-diffusion plant until
its basic components had been developed.
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K-25 COMPONENT DESIGN

One matter that worried Keith was the chemistry of the process. The day
after the December, 1942, decision by the Military Policy Committee,
Keith met with Dunning, Slack, and Libby in Jersey City. He was concerned
about the consumption of uranium hexafluoride as it passed through the
cascade. If the gas reacted even at an extremely low rate with the materials
in the pumps, converters, and pipe, there might well be nothing left to emerge
from the top of the cascade after the gas had traveled hundreds of miles
through this mechanical labyrinth. Even if not this severe, losses might be
sufficiently large to reduce the production of uranium 235 substantially.
Keith also emphasized the importance of correlating experiments using
mixtures of carbon dioxide and helium with those employing hexafluoride. It
was much easier to experiment with the nontoxic, more common gases, but
Keith was not sure that such results could be translated accurately into
reliable data on diffusion. Correlation studies were critical for barrier ma-
terials, which would receive ever increasing emphasis. Several types of bar-
rier had been subjected to the flow of hexafluoride for a period of hours or
even days, but Keith wanted to know how it would stand up to weeks or
months of exposure. In January, he gave Zola G. Deutsch the job of in-
vestigating the consumption of process gas by various types of barrier and
put Clarence Johnson to work on correlation studies.®

As an engineer, Keith was no less impressed with the importance of
developing suitable pumps to transport the process gas through the cascade.
Next to barrier, pumps were clearly the most critical component of the plant.
Moving parts were always susceptible to wear, and it was almost impossible
to seal them against leakage. In the summer of 1942, Keith had agreed to
leave the development of the reciprocating types to Boorse. At the same time,
Keith assigned the initial development of the larger centrifugal pumps to
Ingersoll-Rand. By early 1943, however, that arrangement came to an end.
Ingersoll-Rand, now faced with the monumental task of developing a final
design and manufacturing thousands of large pumps, found its facilities and
manpower unequal to the task and withdrew from the project.

Ingersoll-Rand’s withdrawal left Keith without a pump contractor and
without any real solution to the critical problems of pump design. He erased
the first deficiency in February, 1943, when he succeeded in securing the
services of the Allis-Chalmers Manufacturing Company, which had already
accepted a large contract in the electromagnetic project. The Army engineers
under General Groves negotiated a contract with Allis-Chalmers and ar-
ranged the necessary priorities for construction of a new plant near Mil-
waukee.

It was easier for Keith to find a contractor than a good pump design.
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The preliminary studies in 1942 by Ingersoll-Rand and Columbia pointed to
seals as the primary obstacle in the development of centrifugal pumps,
especially for small, high-velocity models. For this reason, Boorse had con-
centrated on reciprocating pumps. The rotary shaft seals developed by
Ingersoll-Rand for their models of larger pumps were far from satisfactory
when Allis-Chalmers entered the scene. Their first approach was to minimize
the seal problem by enclosing the entire unit—both pump and motor—in a
vacuum-tight enclosure filled with inert gas. A somewhat different applica-
tion of the same concept was developed by Boorse, Gilbert F. Boeker, and
John R. Menke at Columbia. Allis-Chalmers abandoned their suggestion
when they found it impossible to find motors which would operate in the
sealed unit, but the Columbia approach showed promise. Westinghouse built
several test models which the Columbia scientists later used successfully in
the laboratory for pumping uranium hexafluoride gas. But before Columbia
could develop a production model for the gaseous-diffusion plant, they found
a new seal which revolutionized the design of centrifugal pumps.

The new seal had its origins in Boorse’s interest in pumps for the
upper stages of the cascade. The design of a centrifugal pump for this appli-
cation seemed especially difficult, but Boorse was not one to overlook possi-
bilities. He asked for help from Ronald B. Smith of the Elliott Company of
Jeannette, Pennsylvania. There, after an extensive investigation of sealing
devices late in 1942, Judson S. Swearingen, one of Smith’s scientists, hit
upon a promising design. Swearingen after a series of experiments reported
in March that his apparatus was mechanically stable and would almost
completely contain the process gas. The Sharples Corporation in Philadel-
phia then built a test model of the seal under Swearingen’s direction. This
model, taken to Columbia for testing late in the spring of 1943, contained in
prototype form most of the essential elements of the seal used in the K-25
plant.?

By far, Keith’s biggest hurdle was to find a barrier material suscep-
tible to large-scale production and capable of maintaining its separative
qualities over long periods of continuous operation. For the moment, he
would have settled for a material with just the latter property, but a year of
research had not yet come even close to meeting that specification. The
trouble was that so many of the desirable properties of barrier were con-
tradictory. The holes in the barrier had to be submicroscopic but not sus-
ceptible to plugging. The material thus had to be porous but strong enough to
stand large-scale assembly methods and extremely severe operating condi-
tions, By the end of 1942, Keith was convinced that most of the metal barriers
tested would never be satisfactory. During the fall he had reluctantly agreed
to more research on the slim chance that a makeshift barrier could be
developed for pilot plants. Since then, he had concluded that for the produc-
tion plant the barrier would have to be in tubular form, and he believed that
the original metal barriers could never be manufactured as tubes. In the
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closing days of 1942, Dunning and Keith began formulating a new research
program which would place greater emphasis on nickel barriers.

The relatively brief experience with nickel barriers during the fall of
1942 demonstrated that no simple solution lay in this direction. The nickel
barriers first prepared by Norris and Adler seemed much too brittle and
fragile for production in quantity. The barrier formed from nickel powder by
Foster Nix of the Bell Telephone Laboratories showed very poor separative
qualities. But of the two, the Norris-Adler barriers seemed more likely to be
successful. The process was not a simple one. It usually involved as many as
eight or ten steps. It did seem possible, however, that all these steps could be
combined in a continuous process suitable for large-scale production. A
second advantage was the infinite number of variations or combinations
which could be tried. Experiments in 1942 had already shown that one slight
variation in any step in the process could completely alter the separative
qualities of the product. Until more of these variations and combinations
could be tested, it would be impossible to rule out the production of a
satisfactory barrier. The result was that literally hundreds of different nickel
barriers were developed, tested, and discarded. In time, however, the barrier
samples fell into certain general classifications and for purposes of com-
munication were arbitrarily given names. By the end of 1942, the most
promising type was known as “Norris-Adler” barrier.”

The large number of variables in the barrier manufacturing process
might have appealed to the ingenuity of a temperamental chef, but to process
engineers the recipe was a nightmare. How could one be sure that an indi-
vidual accent here or a personal touch there did not spell the difference be-
tween a good and bad product? Indeed, so empirical was the method that
success was likely to depend on just some such intuitive innovation. The
cookbook approach did raise some perplexing questions. Was any one sample
representative of the product as a whole? If so, was it good barrier? If good,
could the process be duplicated on a production scale to make large amounts
of uniform quality? Answering these questions placed a burden on those
scientists engaged in analytical research at Columbia. In the spring of 1943,
several groups were running tests on a laboratory scale. Robert T. Lagemann
was using inert gases to measure porosity against certain standards. Clif-
ford K. Beck was responsible for mechanical testing for tensile strength,
elongation, bending properties, and fatigue resistance. Rex B. Pontius tested
barrier performance in the single-stage unit, and a group under Willard F.
Libby tested barrier for corrosion and plugging resistance. Begun as a series
of informal laboratory measurements, barrier evaluation soon took on the
proportions of a full-scale production control program. To guide this effort,
Urey enlisted the aid of Hugh S. Taylor, the Princeton scientist who had
been instrumental in developing the heavy-water process for the plant at
Trail, British Columbia. In June, 1943, Taylor cleared his laboratory at
Princeton to help in barrier evaluation.
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The production of Norris-Adler barrier was limited to laboratory
techniques in 1942. Obviously, the development of a continuous production
process was a matter of high priority. In January, 1943, Norris and Slack laid
plans for the construction of a pilot plant which would produce the barrier in
a continuous process. With assistance from Kellex, they arranged for the
necessary machinery to be designed and constructed by the New Jersey
Machine Company. On February 4, they began clearing an area in the base-
ment of Schermerhorn Laboratory at Columbia for installation of the pilot
plant. Design, assembly, testing, and modification occupied most of the fol-
lowing five months; the plant was not operated until July.

By that time, the construction of a full-scale barrier production plant
had been started in Illinois. On April 1, 1943, the Army had approached the
Houdaille-Hershey Corporation to produce several million square feet of
barrier by the end of the year. Accepting the job, the company at once made
plans to construct a new building for the purpose next to its Oakes Products
Plant in Decatur. Before the end of the summer, Houdaille-Hershey had set
up its own pilot plant in the new building to experiment with various steps in
the barrier manufacturing process.

Operation of the pilot plants was not altogether discouraging. By
mid-July, 1943, the Schermerhorn plant was running round-the-clock with
some sections performing continuously for periods up to seventy-five hours.
Although some minor adjustments and refinements were necessary, the origi-
nal designs of the equipment were fundamentally sound. Within a short time,
the plant produced enough barrier for testing purposes. Then the trouble
began. Mechanical tests showed the old defects of brittleness and structural
weakness. Libby’s chemistry group found the material susceptible to cor-
rosion and plugging. Performance in the single-stage test unit was far from
satisfactory. Most distressing of all was the lack of uniformity of the ma-
terial, especially in separative quality. For no apparent reason, one section of
barrier would rate high; another from the same batch would be poor. Pin-
holes and other imperfections cropped up without explanation. Under the
heavy pressure of time, Columbia continued to test samples in hopes that
some modification in the process might somehow give a better product.”®

Although barrier production occupied the center of the stage during
the summer of 1943, there were other important activities in the New York
area during that period. At Columbia, one of the largest supporting activities
was in chemistry under Libby’s direction. Even at this late date, there was
much to learn about the chemistry of uranium hexafluoride. The results of
such basic research directed by Homer F. Priest were utilized in the study of
corrosion rates and the mechanism of corrosion for various materials. From
these studies, Libby was able to determine some of the important factors in
barrier corrosion and plugging. He also developed methods of making plant
components resistant to such effects. A logical complement of this chemi-
cal research was the study of the whole family of fluorocarbons which
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might possibly be used as lubricants or coolants in the process-gas system.

The construction and operation of gaseous-diffusion test units con-
tinued to be a sizeable activity in 1943. All efforts to build a pilot plant even
remotely resembling production equipment were abandoned in accordance
with the decisions of the Military Policy Committee in the fall of 1942,
Construction of the ten-stage pilot plant at M. W. Kellogg’s Jersey City site
was not halted abruptly but soon languished as more pressing assignments
atiracted available manpower. Eventually, the pilot plant area was used as a
test floor, where single full-size converters or other cascade components could
be tested under simulated operating conditions. At Columbia, Pontius con-
tinued to operate the single-stage unit. Chaloner B. Slade supervised the
operation of the twelve-stage test unit in Pupin Hall. The apparatus con-
sisted of twelve pumps mounted in a double bank and driven from a common
crankshaft. The converters were short cylinders about four inches in di-
ameter, between the faces of which a small square sample of barrier was
sandwiched. The entire unit was mounted in a wooden cabinet about eight
feet square on the front face and three feet deep. In the fall of 1942, the unit
was used to check various aspects of cascade theory. Mechanical failures
immobilized the equipment during the winter of 1943, but by May it was
placed in steady operation for testing small barrier samples. During the
summer, Eugene T. Booth and Clarke Williams began constructing a new
six-stage unit in the Nash Building on Broadway at 133rd Street. Designed to
test barrier in production sizes, the unit was not completed until May,

19441

CUTBACK IN K.-25

As the summer of 1943 advanced, Urey grew more pessimistic about the
future of gaseous diffusion. In May, when the Army had taken over the
OSRD contract, Groves had appointed Urey Director of Research for what
was now called the SAM Laboratory (the initials for the code name “Substi-
tute Alloy Materials”). In this capacity, Urey found himself in charge of all
work on gaseous diffusion in addition to his own projects for the production
of heavy water and other isotopes. He attempted to tighten up the rather
informal organization of Dunning’s group, approved Dunning’s plan to ex-
pand to an off-campus site, and instituted a series of bimonthly reports to
keep tabs on the project. At first encouraged by the operation of the barrier
pilot plants and by Libby’s progress in stabilizing the Norris-Adler barrier
against plugging, Urey was increasingly troubled by frequent snags in the
process. A little dynamo of a man, sparked with fiery emotions, Urey was one
to exaggerate failure as well as success. He was profoundly depressed by
Keith’s remarks at a co-ordination meeting on August 3. Keith confessed that
despite all the good intentions and hard work, they had not yet produced a
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barrier which could be used in the plant at Oak Ridge. Bringing the news
back to his associates on Morningside Heights the following day, Urey looked
on the next four to six weeks as the last chance for gaseous diffusion. Unless
the SAM Laboratory could produce a satisfactory barrier, work on K-25
would be drastically curtailed.

It was significant that Urey expressed these somber thoughts just at
the time General Groves was re-evaluating the Manhattan project for the
Military Policy Committee and the President. By contrast, Lawrence at that
moment was playing a bold hand in attempting to double the size of the
electromagnetic plant, despite the fact that Oak Ridge had not yet operated
one production model of the calutron. No doubt the contrast in the two
leaders’ outlook was a subtle but powerful influence on Groves and the com-
mittee. With this psychological advantage, Lawrence could make his point.
He had taken pains to explain to Groves in May that the production of
uranium 235 in the electromagnetic plant could be greatly accelerated if
partially enriched material from K-25 could be used as feed for Y-12. This
would eliminate the need for the top of the cascade.

The idea of eliminating the upper stages of the gaseous-diffusion
plant had long since occurred to the Columbia scientists. Cohen had spot-
lighted the idea in his studies of the squared-off cascade in January, 1943. In
February, Eger Murphree had proposed substituting the centrifuge for
gaseous diffusion in the upper stages of the cascade. Boorse’s difficulties
in the design of pumps and seals for the top of the cascade also sug-
gested the advantages of limiting the plant to the larger quantities of
material at lower levels of enrichment. Slow progress during the summer and
Urey’s lack of enthusiastic leadership all contributed to the decision to cut
back the plant. On August 13, Groves reported to the Military Policy Com-
mittee that the gaseous-diffusion plant would be limited to a product en-
riched to something less than 50-per-cent uranium 235, which would be used
as feed at Y-12. Two weeks later, Urey met with Lawrence, Oppenheimer,
and Bacher in Berkeley to discuss the possibilities of producing enough ura-
nium 235 for a bomb. After listening to Urey’s pessimistic views, the western
scientists were convinced that the electromagnetic process was the only hope.
The first section of the Y-12 plant was nearing completion but ground had
not yet been broken for the process buildings at K-25. Urey as well as
Lawrence welcomed Groves’s decision to double the size of the Y-12 plant.**

GALLAHER FERRY

Soon after the K-25 contractor team was organized in the first weeks of 1943,
Kellex engineers began to investigate possible sites for the gaseous-diffusion
plant.’® Since the Army had made tentative plans to locate the plant in the
Clinton Engineer Works, Kellex and Carbide officials visited that area on
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January 18. Later they considered sites on the big bend of the Columbia River
in Washington and in the Sacramento River Valley of California, but the
advantages of these locations were not sufficient to revise the Army’s plans.
Within the Clinton reserve, the contractors found a promising area on the
western boundary near the confluence of Poplar Creek and the Clinch River.
Here, the narrow ridge-and-valley system broadened out into an area of some
five thousand acres in which elevations did not vary more than fifty feet. A
flat area was essential for the acres of buildings which would house the
cascade. Roads and railroads would have easy access, and the river could
provide water for the power plant and cooling towers. Another advantage
was the isolation of the spot. McKinney Ridge screened the site from the
mushrooming atomic village, eleven miles away. A worn-out farming area,
the site was traversed by a few gravel roads to the hand-pulled Gallaher
Ferry on the Clinch.

The transformation of this sleepy valley into an industrial complex
began at the ferry site. On May 31, 1943, the first survey party arrived to lay
out the huge power plant which would supply a portion of the electrical
energy for the cascade. The powerhouse would be started first, partly be-
cause of the long lead-time required for generating equipment and partly as a
hedge against failure of the gaseous-diffusion process. Keith later recalled he
took comfort in the fact that if all else failed, the power plant could be sold
to TVA.

On June 2, the J. A. Jones Construction Company, under a cost-
plus-fixed-fee contract with the Army, began grading work in the power-
plant area. The next step was to sink forty concrete-filled caissons some
thirty feet to bedrock as a foundation for the boiler house. While this job
progressed, Jones began hauling in the heavy structural steel by truck over
the gravel road from a railroad siding thirteen miles away. Slowly from the
red Tennessee clay there emerged during the fall of 1943 the brick and steel
structure which was to be the world’s largest steam-electric power plant to be
constructed in a single operation up to that time.

From the beginning, the contractor was plagued by the deplorable
access roads into the isolated area. Under the incessant pounding of trucks
and heavy construction equipment, the pleasant country lanes became
quagmires of mud or dusty, rutted infernos during the summer of 1943.
While struggling to keep existing roads open, Jones hurried the construction
of hard-surfaced roads east to Oak Ridge and west to U. S. Route 70 near
Kingston. A larger, motor-propelled ferry was subsequently replaced by
Gallaher Bridge to provide access from the south. During the summer, Jones
pushed construction of the railroad spur to the Southern branch line at
Blair Junction.

Ground was not broken for the main process buildings until Septem-
ber. The blueprints prepared by Kellex called for a cascade building truly
gargantuan in scale. The rough drawings prepared the previous winter had
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now evolved into a plan for a series of fifty-four contiguous four-story build-
ings constructed in the shape of a U, almost a half mile long and more than
1,000 feet in width. The enormous area of the buildings (almost 2,000,000
square feet) and the weight of the process equipment they would contain
required an extraordinary amount of earth-moving and unusual techniques in
constructing foundations. The conventional method of excavating founda-
tions only under load-bearing walls and columns would have required the
design and setting of several thousand columns of many different lengths. As
a short cut, Kellex decided to level the whole area and fill in the low spots
with scientifically compacted earth. Since, over the half-mile length of the U,
original elevations differed by as much as fifty feet, it was necessary to move
almost 3,000,000 cubic yards of earth. The slow job of earth-moving and
compacting fill continued into the fall of 1943, and it was not until Octo-
ber 21 that the first of 200,000 cubic yards of concrete were poured in the
process area.

Other construction in the plant area was on an equally grand scale but
more conventional in design. In September, Ford, Bacon & Davis started
construction of the first of many auxiliary buildings in the area surrounding
the U. The pressure on the contractor was great since these buildings would
house special rigs for the pre-installation testing and servicing of process
equipment. Jones also began work on the administration building in Septem-
ber, but the Army deferred construction of the cafeteria, laboratories, and
other auxiliary buildings until 1944.

The isolation of the site forced the two principal contractors into the
construction of housing facilities as well as industrial buildings. Two days
after work started on the power plant, Jones began erecting 450 huts ac-
commodating 5 men each. Central washing facilities and a mess hall were also
constructed during the summer, but the lack of a filtration plant made it
necessary to truck all drinking water from Oak Ridge until November,
when additional housing was ready for 5,000 workers. The Jones camp,
sardonically called “Happy Valley” by its inhabitants, grew with the rising
tide of employment. By the end of 1943, when Jones’s forces had passed the
10,000-mark, about 3,000 workers were living in hutments and 1,000 in
barracks and trailers. Eventually a school, commercial center, theater, three
recreation halls, and other buildings were added as total camp population
climbed to about 15,000. Just to the west of Happy Valley was the Ford,
Bacon & Davis camp which provided housing for about 2,000 workers. Even
with these facilities, more than half the construction employees at K-25 made
the gruelling daily trip by bus, truck, or dust-caked, aging car from surround-
ing communities.
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ONE LAST TRY

Back in the congestion and civilization of upper Manhattan, Urey was girding
himself for one last assault on the barrier problem. In July, 1943, he had
established a special steering committee of senior members of the SAM staff
to identify bottlenecks in the K-25 project and see that they were removed
promptly. The most pressing problem of all—fabrication of a good barrier—
had not been resolved even by the concentrated attention which the com-
mittee could bring to bear. In a tone of profound discouragement, Urey noted
at an early September meeting that the six weeks’ grace granted by the Army
had long since expired without the production of any significant quantity of
uniformly satisfactory barrier. By great effort, Norris, Slack, and Willard R.
Ruby slowly untangled the kinks in the operation of the barrier pilot plant.
By autumn, they could perform all but one step in the process with reason-
ably consistent results and had shown that the basic design of the processing
machinery was sound. As for uniform quality, however, the barrier was far
from acceptable. The evaluation group at Columbia was now using better
techniques. The use of statistical sampling (which Taylor had encouraged)
on Norris-Adler barrier showed wide fluctuations in quality. Pinholes, in
barrier the equivalent of bullet holes in a vacuum tank, were all too preva-
lent, and the delicate surface tended to crack during processing. Except for a
few tests performed by Libby and Dixon Callihan at Columbia, there was no
reliable evidence that the barrier would withstand continuous exposure to the
flow of process gas. In any event, it was impossible to consider the immediate
mass production of Norris-Adler.*®

There were hopes that a different type would in time prove acceptable,
but the chances of mass-producing it for a plant to be in operation during
1944 diminished in the fleeting weeks of 1943. News of satisfactory progress
was the norm for research projects, but during the fall unusually persistent
reports of optimism filtered through to Urey from off-campus research on
nickel-powder barriers. Although the early nickel barriers prepared by
Foster Nix at the Bell Telephone Laboratories had shown very poor separa-
tive qualities, Urey, with encouragement from Carbide, had extended the
contract with Bell in July. Taylor’s group found little improvement in the
Bell barrier evaluated at Princeton during the summer, but there were new
reasons to be hopeful. Through the Carbide-Kellex organization, the Bakelite
Corporation, a Carbide subsidiary, learned of Nix’s attempt to fabricate
barrier from nickel powder. It was clear to Frazier Groff and others at
Bakelite’s Bound Brook, New Jersey, laboratories that Bell was not utilizing
the latest techniques for this kind of process. A series of experiments directed
by Groft at Bound Brook, beginning in May, 1943, led to a promising ma-
terial which the International Nickel Company subsequently produced in
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somewhat larger quantities at Huntington, West Virginia. By October, both
Bell and Bakelite were sending powdered nickel barrier to Taylor for analy-
sis. Taylor’s team noted some gradual improvements in both types, but they
considered neither a practical barrier.

This was not, however, the end of the search. In the fall of 1943,
Clarence A. Johnson, a young engineer working for Keith in Kellogg’s
Jersey City laboratory, was experimenting with the Bakelite process. An old
hand on barrier studies, Johnson was a frequent visitor at the Columbia
laboratories. He knew the Norris-Adler process and some of the tricks the
Columbia scientists had devised. Pooling all this knowledge, he hit upon a
method that appeared to yield a barrier better than either the Norris-Adler or
the Bakelite. So complex by this time was the intertwining of ideas in
Johnson’s formula that no one person could take full credit for the discovery.
If the new barrier proved successful, Slack, Norris, Adler, Groff, Nix,
Johnson, and many others would deserve the credit.

When Richard C. Tolman visited the Jersey City laboratory on Octo-
ber 6, he was impressed by the quality of the material Johnson was pro-
ducing, but he noted that no continuous process had yet been developed for
its production. How could millions of square feet of this material be pro-
duced in a few months without a continuous process?

Now Keith was becoming impatient. With Johnson and others from
the Kellex staff to back him up on technical details, he broached the question
of barrier production on October 20, 1943, at a meeting with Columbia,
Houdaille-Hershey, and Army representatives. If the K-25 plant were to have
any value in the war effort, Keith believed that at least part of the cascade
would have to be in operation by January 1, 1945. Allowing three months for
production of barrier tubes by Houdaille-Hershey, Keith guessed that the
Decatur plant would have to be in full operation by June 1, 1944. The many
snags which continued to impede the refinement of the Norris-Adler process
led him to fear that the June 1 date would not be met. From what he knew of
the Norris-Adler method, he doubted that it would ever give a satisfactory
product. On the contrary, he found the kind of barrier Johnson had ex-
hibited to be much more promising. True, it had not been subjected to ex-
tensive testing, and there were some minor obstacles to be overcome. But
Keith thought it might be wise to develop the new barrier as an alternative to
Norris-Adler.

Urey agreed that in the long run the new nickel barrier might well
prove to be superior, but for the war effort he considered Norris-Adler the
best hope. A new untested type always looked promising in the initial stages
of development. Look how long it had taken to overcome the ‘“few minor
difficulties” with Norris-Adler. The switch from other metal barriers to
Norris-Adler had been disconcerting enough. Urey feared that a second shift
would destroy the morale at the laboratory. But Keith refused to drop the
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question. On November 3, he called attention to the continuing failure of
the pilot plant to produce good barrier. Urey just as firmly refused to divert
the resources of his laboratory to the new barrier.

As often happened in the Manhattan project, the thorniest problems
were left for General Groves to resolve. He listened to both points of view at
a meeting on November 5, 1943, but it appeared that he had already reached
a decision after a thorough briefing by his subordinates in New York. As he
saw it, the job was to make Norris-Adler work and then produce a better
barrier for use later. Columbia would continue to give its first attention to
Norris-Adler. On the other hand, every effort would be made to develop a
second type as insurance against failure of Norris-Adler. Keith claimed that
the most promising type was the new barrier being studied in Jersey City,
provided that enough high-quality nickel powder could be obtained for its
production. Groves asked Keith to investigate the sources of nickel powder at
once so that other ways of making the material could be explored if neces-
sary. Thus did Groves adopt compromise as a temporary expedient. If a
choice between the two barriers was impossible, he proposed to develop both
until a decision could be made.”®

As usual, compromise pleased no one. Urey, especially, was disturbed
by Groves’s decision. Since July, he had been struggling to obtain sufficient
scientific personnel to accelerate the improvement of the Norris-Adler
process. Now Keith was planning to take over a floor in the Nash Building
and assign forty men under Taylor to study the new barrier. How could Urey
hope to continue the work on Norris-Adler in the face of this competition for
men and equipment? Libby assured him that with all-out effort, the
Norris-Adler process could be pushed through in six to eight weeks. Why had
Keith insisted on switching to a more difficult shape when he knew, even in
1942, of the brittleness of the Norris-Adler surface? Why did he wait a year
to decide that the barrier was unsatisfactory? Explosive questions such as
these punctuated the meeting of Urey’s steering committee on November 10.
Thoroughly angry and depressed, Urey returned to his office and dictated an
impassioned letter to General Groves. The previous spring, Urey recalled,
Groves had insisted that he take personal command of the K.25 work at
Columbia. Reluctantly, he had accepted Dunning’s decision that the labora-
tory should be greatly expanded. He felt at that time that any war project
which required such an expansion of research effort should be abandoned.
Keith had now decided that Norris-Adler was hopeless and planned another
major expansion. Urey could only conclude that K-25 had no further im-
portance in the war effort and that no more funds should be expended on it
until after the war. If any full-scale diffusion plant were to be built, it should
be based on British design and technology.”

Although Groves did not look upon the British diffusion project with
Urey’s optimism, he thought the British might have some good ideas. He had
watched the research on nickel powder with growing interest during the
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summer. Early in October he had asked Tolman to inspect the K-25 projects
in the New York area in preparation for the California scientist’s visit to
England to discuss the resumption of interchange. Tolman’s evaluation,
though favorable, was hardly more encouraging than news from the British,
who had reported some success in fabricating the powder into barrier.
Groves was also impressed by the British cascade design, which allegedly
would require much less barrier than the American plant. Before the
November 5 meeting in New York, Groves cabled London to expedite the de-
parture of a British diffusion team for New York. As he explained at the
meeting, the purpose of the visit was to get British help, not to exchange
information. The British plant might be better, but the Americans had at least
come to a firm decision to proceed with construction.

Fortunately, it seemed, the groundwork had been laid for British
participation in the American project. Throughout the fall of 1943, the
British had brought constant pressure to bear for a resumption of inter-
change on all aspects of the Manhattan project as well as on gaseous dif-
fusion. Groves succeeded in clearing details through the Combined Policy
Committee by mid-December. Three days before Christmas, Wallace Akers
and fifteen of his experts appeared at the Woolworth Building for a full-dress
review. On hand to greet them were Groves and his two scientific advisers,
Conant and Tolman. George T. Felbeck, Clark E. Center, and Lyman Bliss
represented Carbide. Keith, Baker, Arnold, and Benedict led the Kellex
delegation. Urey, Dunning, and Lauchlin M. Currie (recently transferred
from the National Carbon Company) spoke for the SAM Laboratory. They
presented the most comprehensive review of gaseous-diffusion technology
since the visit of the Lewis committee a year before. Armed with these data,
the British rolled up their sleeves to study the problems that had haunted
Keith, Urey, and Dunning during all those months.?

While expediting the arrival of the British, Groves could hardly over-
look within the K-25 project the strained relations which had come to the
surface in the November 5 meeting. Perhaps most men could not have written
as vehement a letter as Urey’s and resisted the temptation of adding a resigna-
tion. Nevertheless, Groves could no longer expect Urey to bring aggressive
leadership to K-25 research. Just before the meeting with the British, Groves
arranged with the National Carbon Company to borrow Currie as associate
director of the SAM laboratories. He would supervise all research except that
being directed by Taylor, who had assumed full authority for the work on the
new barrier. Thus was Urey relieved from any real responsibility for a proj-
ect he believed would surely fail.*

Whether or not Urey’s prediction proved correct, Groves understood
only too well that the Government’s commitment to the Manhattan project
was irrevocable. The investment in K-25 alone was already too large to be
abandoned, except in the face of incontrovertible proof that the process was

impossible. In New York, Kellex had 900 employees on K-25 design and
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procurement. The SAM Laboratory at Columbia had more than 700 on
K-25 research assignments with several hundred more at universities and
industrial laboratories throughout the East. Houdaille-Hershey was erecting
a $5-million plant at Decatur for the production of barrier, and Allis-
Chalmers a $4-million plant in Milwaukee for pump manufacture. Chrysler
was converting its Lynch Road plant in Detroit for the assembly of con-
verters. At Osk Ridge, more than 10,000 workers were toiling on the gigantic
plant in which this equipment would be used to produce uranium 235. Much
more important than the investment, however, was the ever-present threat of
Germany in the race for the bomb. Until that threat could be eradicated,
Groves could not relax for a moment. It was still possible that, for all its
disappointments, K-25 might prove the quickest route to the bomb. The first
attempt to operate the electromagnetic plant had ended in demoralizing
failure. The first of the great plutonium piles was still in the early stages of
construction. Murphree’s report on recent progress on the gas centrifuge
convinced both Conant and Lawrence that this method had no practical use
in the war. But could K-25 save the day without a breakthrough on barrier? #

DECISION ON BARRIER

Keith began the year 1944 with some problems on his mind. If the K-25
plant was to be in operation in early 1945, acres of barrier would have to be
produced before the end of the summer. The November 5 meeting with
Groves had secured greater support for the development of the new barrier,
but the Army was still planning to produce a barrier which Keith thought
would never be ready in time. Groves had rushed over the team of British
experts to lend a hand, but Keith feared they would be more trouble than
help. Akers and his group seemed to have little more than an academic
interest in barrier. They seemed preoccupied with matters such as the
optimum design of a cascade, questions which had been settled for a year as
far as Keith was concerned. Even more serious in Keith’s mind were the
British attempts to involve the Kellex and Columbia groups in design
problems which the British were facing in their own plant. Keith was trying
desperately to forge the last link in the design of a plant which might, with
luck, win the war. He had little patience with the detached, unhurried ap-
proach of his British colleagues.” The squeeze was on. Every week that
slipped by without progress on barrier brought Keith closer to the deadline
which Groves held remorselessly over him.

Keith’s feeling of being trapped was probably the reaction Groves in-
tended. But the purpose was to stimulate maximum effort, not to create a
scapegoat. Groves had already taken action behind the scenes to accelerate
the production of the new barrier. He had discussed the matter with Felbeck,
who as head of the Carbide organization had quietly but persistently sup-
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ported research on nickel-powder barriers. He had been instrumental in
interesting two Carbide subsidiaries, Bakelite and Linde Air Products Com-
pany, in the barrier problem. Felbeck tdlked to Keith and tactfully suggested
that Carbide might be willing to accept full responsibility for the preduction
of the new barrier. His approach to the conscientious, blustery Kellex execu-
tive was perfect. On January 4, Keith wrote Groves that Carbide should have
full responsibility for producing the new barrier. The Army should procure
sufficient nickel powder, and Houdaille-Hershey should produce the barrier
tubes at Decatur.” Presumably Groves had this plan firmly in mind when he
met the next day with the British to hear their comments on the American
program after a fortnight in New York.

In his customary fashion, Groves used the meeting with the British
and American scientists as a check on the plan which he, Felbeck, and Keith
had tentatively accepted. Never was a cause for confirmation more justified.
In the preceding eighteen months, Groves had made some daring decisions,
but few as risky as this one. In essence, he was proposing that two years of
work on barrier be set aside and that the fate of K-25 and perhaps the whole
Manhattan: project be placed on the mass production (within six months) of
millions of square feet of a new barrier which had scarcely been tested. At
the other extreme were the British, who looked on barrier production as but
one element in a long-term development effort. No wonder it took four hours
of discussion to reach a meeting of minds.

From the beginning of the conference, the British agreed that even-
tually the new process would produce a better barrier, but they considered
the months of research on Norris-Adler to be an important advantage if speed
was the governing factor. Keith disagreed. He believed that only the new
barrier could be produced in time. Decisions in the past had been based on
the assumption that only a continuous, assembly-line method could produce
barrier in the quantities needed. Keith had come to the realization that this
assumption was not necessarily true. Kellex had produced the new barrier in
the laboratory by a very simple hand process; if production could be mul.
tiplied by the use of thousands of employees doing piece-work, there would
be no problems of translating a laboratory process into an industrial one.
This approach might be expensive, but it might produce barrier on time,

Keith’s suggestion startled the British. If the new barrier could be
produced more quickly than Norris-Adler despite the extensive research done
on the latter, nothing should stand in the way of research on the new process.
Beyond this, the British refused to go. They would not say which of the two
barriers was superior; there was not enough evidence on the new barrier to
make such a judgment. Couldn’t development continue on both until the
evidence was available? Keith assured them that with the limited resources
and time at hand, this was impossible.

From this point in the discussion, Carbide led the way. Bliss of Linde
Air Products suggested the possibility that research could be continued on
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both barriers, but that a full-fledged production effort be limited to the new
barrier alone. The British expressed cautious acceptance of this suggestion.
They could not yet say that the new barrier was better, but they felt certain
some sort of nickel-powder barrier would prove to be the best. Then Felbeck
made his point: the only possible hope was to rip out all the carefully
designed machinery in the Decatur plant and install the new process. The
British faltered. What if the new process failed? Would there be time to
reinstall the Norris-Adler machinery? Keith assured them there would not.
The decision had to be made now, and it would stand, come what might.

To the British, this was nothing short of reckless. Even after full
pilot-plant studies, it was customary to spend two years constructing chemi-
cal processing facilities much less complicated than a gaseous-diffusion plant.
Here the Americans were proposing to build a fabrication facility for an un-
tested barrier in four months, produce all the barrier needed in another
four months, and have the plant in operation, all within one year. Would it
not take a year just to get the works in operation? With incredible luck, the
British estimated, the plant might be in production by the summer of 1946.

Groves was careful to be unimpressed by the proposals made by Keith
and Felbeck. Whatever process they used, he would not relax one day on
Keith’s commitment to have the barrier plant in production in May. Nor was
he even willing to acknowledge the possibility that both the Norris-Adler and
the new plants could not be in operation by that time. Keith was confident
there was a chance with the new barrier. Felbeck would guarantee that the
gaseous-diffusion plant would be in operation before the last unit was com-
pleted. There was no reply to such unrestrained optimism. If the Americans
met their schedule, as one member of the British delegation put it, “it would
be something of a miraculous achievement.”

If miracles were required, there was little time to lose. The following
week, amid the clash of organizational gears, Currie and Taylor struggled to
divert the momentum of the SAM Laboratory into the new direction dictated
by the January 5 decision. Keith carried the news to the Kellex forces in the
Nash Building. By the end of the week, Groves was ready to loose his bomb-
shell on Houdaille-Hershey. On Saturday, January 15, 1944, he took the
train with Felbeck to Indianapolis. Around midnight, Groves commandeered
an Army car which bounced them over the country roads of western Indiana.
They arrived in Decatur on Sunday morning just in time to snatch a roll and
coffee before the meeting began. Groves broke the news. The plant would be
stripped for the new process. Carbide would have general responsibility for
barrier production, with Leon K. Merrill of Bakelite serving as Carbide
representative in Decatur. Houdaille-Hershey would convert and operate the
Decatur plant and would send some personnel east to work with scientists at
the SAM Laboratory. This much accomplished, Groves hurried back to Wash-
ington. Now it was up to Felbeck and Keith to meet the deadline.?®

Whatever may have been the production strategy drafted at the Janu-
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ary meetings, the first battle was to develop the new barrier. This task fell
squarely on the shoulders of that shrewd, independent Princeton professor,
Hugh S. Taylor. Dragged by Urey into the barrier crisis late in 1943, the
rugged British scientist was expected as associate director of the SAM Labo-
ratory to bring some order out of the confusion in barrier development. Re-
fusing to sever his ties with Princeton, he resigned himself to a life filled
almost entirely with lectures at Princeton, meetings in New York, and inter-
minable hours on dingy commuter trains.

In New York, Taylor’s first concern was the Kellex research on the
new process. Appointed by Keith as an associate director of research in the
Kellex organization, Taylor was in constant demand at the Nash Building,
where Johnson struggled during the first weeks of 1944 to set up a pilot plant
for the new barrier. Using the first experimental material produced at the
International Nickel plant in Huntington, Johnson tried to fabricate a suit-
able barrier. Production was dishearteningly small during the winter, and
when Taylor took samples to Princeton for analysis, he found not more than
5 per cent up to plant standards. What Taylor needed was more effort on the
new process and larger quantities of high-quality nickel.

Prospects of geiting more men improved as spring approached. In an
effort to speed development of the Norris-Adler process, Urey had recruited
Edward Mack, Jr., from Ohio State University to direct research on the bar-
rier pilot plant in Schermerhorn Laboratory. Taylor was encouraged by
Mack’s progress early in 1944. By the middle of March, Mack had overcome
most of the obstacles in the process and had demonstrated that it could be
used as an alternate for the new barrier although it was admittedly much
more complicated than the method Johnson was developing. As soon as Mack
could complete the drafting of manufacturing and control specifications
for the Norris-Adler process, he could swing his entire SAM division into the
work on the new barrier.”

The production of good nickel barrier depended almost entirely
upon the procurement of high-quality nickel powder. With a characteristic
sharp eye for future requirements, General Groves had ordered Nichols a
year earlier to broach the subject with the International Nickel Company.
After discussing his requirements with the company, Nichols concluded that
the best procedure would be to finance the construction of necessary equip-
ment at an International plant. Thus, when Groves decided to switch to the
new barrier, he had merely to place in effect the arrangements already
made. International Nickel had eighty tons in storage and could begin regular
shipments at once. Improvements in the International process provided the
New York pilot plants with the first reasonably good nickel during the last
weeks in April.?®

Now with two barrier pilot plants and a reliable supply of nickel,
Keith anticipated some significant production of the new barrier. Both John-
son at the Nash Building and Mack at Schermerhorn Laboratory set out with
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confidence to meet Keith’s request for substantial production from each plant
during April. At first the product was almost entirely below standard, mostly
because the nickel tended to warp during processing. But by the first of May,
things looked better. Deliveries of nickel had more than doubled and the per-
centage of acceptable barrier had risen from 5 to 38 per cent. Of all the
barrier produced in the pilot plants during the last two weeks in April, 45
per cent met the specifications for separating properties.

If the new barrier could now be produced in the laboratory, it was a
long way from production on an industrial scale. Early in February, Walter
L. Pinner of Houdaille-Hershey began to plan for converting the Decatur
plant. His first goal, which Taylor approved, was to complete 20 per cent of
the plant as quickly as possible as a pilot run for full-scale operations.
Even this modest aim was difficult to achieve as Pinner and Merrill impro-
vised to make the equipment and parts on hand serve in the new process.
During the spring, Taylor was constantly in touch with Pinner, Johnson, and
Mack as he tried to smooth the way for completion of the Decatur plant. Not
until June, however, was the first barrier produced, and this was far below
plant standards. An art like barrier fabrication could not be transmitted in
engineering specifications. As box after box of unsatisfactory barrier arrived,
Taylor turned once again to his old techniques of statistical sampling and
quality control. Urey’s dire prophecies had not yet been laid to rest.”

By the end of June, time was running out on barrier production.
Groves’s May deadline had long since slipped by, and new pressures were
coming to bear on Taylor’s task force. Under the direction of Albert L.
Baker at Kellex, the wheels of industry were beginning to turn out incredible
quantities of special equipment and parts for the Oak Ridge plant. Chrysler
had completed the conversion of a tank factory in Detroit and was prepared
to assemble the thousands of converters for the gaseous-diffusion cascade.
The new Allis-Chalmers plant in Milwaukee was producing the thousands of
pumps which would propel the process gas through the barriers. A variety of
special service pumps were being fabricated by the Elliott Company, the Val-
ley Iron Works, Pacific Pumps, Inc., and the Beach Russ Company. Thou-
sands of coolers to remove the heat of compression from the cascade were
rolling off assembly lines at the A. O. Smith Company and the Whitlock
Manufacturing Company. Bart Laboratories, International Nickel, and the
Midwest Piping and Supply Company were using a new process developed by
Bart and the Republic Steel Corporation to produce three million feet of
piping which was resistant to corrosion by uranium hexafluoride. The Crane
Company was fabricating about a half million valves varying in size from
one-eighth of an inch to thirty-six inches with special seating materials de-
veloped by the British. Tens of thousands of recording instruments, gauges,
mass spectrometers, pressure indicators, flowmeters, thermometers, and con-
trol panels were being produced by General Electric, Taylor Instrument, Re-
public Flowmeter, and Fisher Governor.
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The equipment produced by these and scores of other contractors was
beginning to converge on the plant at Gallaher Ferry. As the gigantic
U-shaped building was enclosed, the J. A. Jones Company raced to install
process piping, valves, pumps, and converters. By the middle of April, 1944,
the first six stages (without acceptable barrier in the converters) were given
mechanical and vacuum tests. The next objective was to complete a section of
fifty-four stages in the same building. Delays in the delivery of equipment,
especially valves, forced a postponement of mechanical tests of this section
beyond the June deadline. All the same, the K-25 plant was assuming a stag-
gering size. With more than one-third of the work on the main process build-
ings completed, construction labor forces were already beginning to decline
from the April peak of 19,680. By the end of June, 1944, estimates of total
construction costs for the K-25 project had climbed to $281 million.*

The full weight of this commitment fell on Keith, Taylor, Merrill,
Pinner, Mack, and Johnson. Without barrier, the millions invested in K-25
would come to naught. Chrysler was already clamoring for barrier tubes to
install in the converters in Detroit. With none to send, Merrill suggested
shipping about 10,000 unacceptable tubes to Detroit for training Chrysler
employees on assembly and testing techniques. As production at Decatur con-
tinued to founder during the first week of July, Currie called in Mack and
Johnson. Perhaps by an extraordinary effort for a brief period, they could
increase production in the pilot plants. Mack was already producing sub-
stantial quantities of barrier on a two-shift basis. With a few minor improve-
ments in equipment and the use of three shifts, it might be possible to triple
daily production. Johnson was able to produce some barrier in the Nash pilot
plant. Since the Schermerhorn plant seemed to hold the best prospects for ex-
pansion, Mack would attempt to maximize the output of his plant during the
last week in July. On this grim but determined effort might rest the hopes
for K-25 and the bomb.*

Y-12 AT BERKELEY

By the end of 1942, Lawrence’s research team at the Berkeley laboratory
had determined what they needed to build an electromagnetic plant. They
had demonstrated the validity of the mass spectrograph method early in the
year with the magnet from the 37-inch cyclotron. The two tanks installed
during the summer in the giant gap of the 184-inch magnet enabled them to
study the process on a scale closer to that of a production plant. The erratic
performance of these two tanks might seem hopelessly insignificant in com-
parison with the uninterrupted operation of the hundreds which would be
necessary to produce enough uranium 235 for a bomb. With this unwieldy
equipment, however, the Berkeley scientists could explore the elementary
techniques of their new art—and in those days it often seemed more an art

141



142

THE NEW WORLD / 1939-1946

than a science. Lawrence had swept his laboratory clean of the customary pa-
tient research into Nature’s laws; now he demanded results above all else.
Like scouts on a vital mission through unexplored territory, Lawrence’s sub-
ordinates could not wait for maps to be prepared for their journey; they
would have to strike out for their destination and hope that they would stum-
ble upon the shortest and easiest route. Experiments, not theory, had been
the keynote at Berkeley. The magnetic shims, sources, and collectors that gave
the best results were used, although no one could explain their superi-
ority.

As the Berkeley group repeated experiments, however, they accumu-
lated a body of knowledge. In these data they could detect some order which
often in turn suggested a profitable theoretical approach. Lawrence, with his
extraordinary scent for scientific game, was succeeding in his gamble to get
quick results by unorthodox methods. In the closing weeks of 1942, discus-
sions on the hill above the Berkeley campus turned toward those conceptions
and assumptions that would fix the design of the plant at Oak Ridge.

Research on magnets had perhaps the greatest influence on the general
plan of the plant. Fortunately, the theory was already well understood. It
could be assumed, for example, that a large magnet with a great many gaps
would be used. Physicists in Lawrence’s laboratory could demonstrate with
equations that, as the number of gaps increased, the weight of steel required
for the magnet yoke, the weight of the coils, and the power required per gap
all decreased to a constant value. Indeed, the limitation on the maximum size
of a single magnet of this type seemed to be dictated by the amount of elec-
tric power available, the size of the building, and the risk in production
loss in the event of a single magnet failure. Several smaller magnets might
theoretically require a larger quantity of already scarce construction materi-
als than would one large magnet, but the failure of one coil would not shut
down the entire plant. Thus, for a full-scale plant, Lawrence could expect to
build more than one but perhaps not more than a few magnets.

It would also be necessary, for magnets of such great size and so many
gaps, to change the direction of the magnetic field from that furnished by the
cyclotrons. That is, the field would be horizontal rather than vertical, and the
tanks within the gaps would stand on end so that the ion beams would be
in the vertical plane, perpendicular to the magnetic field. The gross specifica-
tions for the magnet could be calculated once the size of the ion beam was
determined. To achieve proper resolution of the 235 and 238 beams in the
collector, it seemed that the radius of the beam paths should be about four
feet. Thus the cross section of the magnet core would be about eight feet. In
a properly shimmed field, the width of the magnet gap could not be much
greater than about half the beam radius, or about two feet, and the best value
for the magnetic field was calculated to be 3,410 oersteds.?

The next step was to determine the number of gaps and the general
configuration of the magnets. Performance of the 184-inch calutrons in the
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fall of 1942 suggested that about 2,000 sources and collectors would be re-
quired to separate 100 grams of uranium 235 per day. Since it was not safe
to assume that there would be more than one source and collector per tank,
plans had to be made for 2,000 tanks. Matching this figure with the general
specifications for the magnet, the Stone & Webster engineers were able to de-
fine the basic production units for the electromagnetic plant. It seemed prac-
tical to design electrical power equipment and other facilities to serve two
magnets, each containing about 100 tanks. If each gap contained two tanks,
the magnet would have fifty gaps. Actually, forty-eight was chosen since the
larger number of common denominators in that figure would provide the
greatest flexibility in the use of the elaborate power supply.*® To minimize
the amount of precious steel required for the core, the magnet was given an
oval rather than a linear shape. Thus, from above, the unit would have the
shape of a racetrack with each of the forty-eight gaps containing two tanks.
During the autumn of 1942, a model of such a magnet was built on a 144
scale at the Berkeley laboratory. The power supply for the 184-inch magnet
could be used for the model, but the cooling system for the coils was so in-
adequate that the magnet could be operated only for short intervals. Even so,
it was possible to measure variations in field strength and flux in different
sections of the model racetrack and thereby to design the full-scale magnet
more accurately.®

Vacuum systems, like magnets, were commonplace in physics labora-
tories in 1943, but industrial applications were rare. Although Lawrence and
his associates had learned as much as anyone about vacuum technology in
building the cyclotrons at Berkeley, it was an achievement even for them to
hold a good vacuum in the 184-inch magnet tank. They also realized that the
volumes contemplated for the Oak Ridge plant probably exceeded by many
times all the evacuated space in the world at that time.

The vacuum specifications were rigid. Pressures in the calutrons had
to be less than 0.00005 millimeter of mercury. Because the tanks would be
opened after each run, the pumps had to be capable of restoring the vacuum
quickly. Cold traps were required to remove every trace of water vapor,
which would react with the uranium chloride charge material. Gaskets and
welds would have to withstand large temperature fluctuations and long peri-
ods of operation. It was even possible that getters or bake-out procedures
would be needed to extract residual gases trapped in components. In the ab-
sence of pilot-plant experience, the final design of the vacuum system would
have to evolve from test runs of full-scale calutrons.®

With almost 200 sources per building, it was conceivable that as many
as ten buildings would be required to reach the plant capacity established by
the Military Policy Committee. A relatively large number of buildings would
have certain advantages. It would limit each building to not more than a
fraction of the total production capacity of the plant. Also, if all the buildings
were not designed and constructed simultaneously, it would be possible to
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profit by experience gained along the way. On the other hand, it was hardly
realistic to expect that ten buildings incorporating a series of design changes
could be constructed within a year. One hope lay in increasing the produc-
tion of the individual calutron. In the closing weeks of 1942, that possibility
became increasingly more promising.
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Figure 9. The R1 tank, installed in the 184-inch magnet in November, 1942, contained
two sets of double sources and receivers.

Lawrence was very much encouraged by experiments with the new
calutron which had replaced C1 in the 184-inch magnet on November 18.
The new tank, designed during the fall of 1942 with an improved set of
magnetic shims, was rectangular in shape and contained two sets of double
sources and collectors. Thus R1, as the new unit was called, would combine
the multiple-source capability of Cl and the magnetic shim feature of C2.
(Figure 9) Operation of Rl during the last six weeks of 1942 was not all
that Lawrence could hope for. Only one attempt was made, in early Decem-
ber, to operate all four sources simultaneously, and most experiments after
that were limited to two sources. With the new set of shims, however, it was
possible to bring two small beams into focus simultaneously. A much larger
beam would be required for truly reliable data, but these experiments seemed
to be an important first step toward the use of multiple sources.
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Figure 10. The D1 calutron, installed in the 184-inch magnet in January, 1943, had all
its components mounted on the faceplate or “door” for easy installation in the tank.

Equally heartening were the improvements in the design of sources. In
the first days of January, 1943, another new calutron was installed on top of
R1. Although its external shape was also rectangular, the calutron was called
D1 because the source, liner, and receiver were all mounted on one long
metal plate or door so that they could be installed in the vacuum tank as
one unit. (Figure 10) This innovation proved to be a significant step in the
evolution of calutron design, but for the moment all eyes at Berkeley con-
centrated on the new type of sources to be tested in D1. Until November,
1942, all of the sources had just two accelerating electrodes or slits. The first,
called the J slit, served as the face of the ionization chamber and was held at
ground potential. The second electrode, called the G slit, was held at a nega-
tive potential of 50,000 volts. The new sources first tested extensively in the
D1 calutron contained a third electrode, called the C slit, which was placed
just beyond the G slit and held at a negative potential of 35,000 volts. (Fig-
ure 11) Although the C slit had a slightly decelerating effect on the ions in
the beam, it gave promise even in the earliest tests of producing a much
sharper, stronger beam at the collector. These experiments with the new calu-
trons suggested that the capacity of the electromagnetic plant might be
greatly increased without adding more tanks or buildings. Successful opera-
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tion of two sources and collectors in each tank might alone enable Lawrence
to produce 100 grams of U-235 per day with just 1,000 tanks in five build-
ings.*® Any one of the other design improvements then being investigated
might again halve the number of tanks required.

These hopes for increasing production were more than offset by the
shallow foundations upon which the process rested. However much the
Berkeley scientists may have learned in 1942, what they did not know about
the process was surely alarming. Perhaps only a scientist of Lawrence’s skill
and temperament could have seen a clear path through such a forest of ob-
stacles.

LINER

DECELERATING
ELECTRODE

ACCELERATING ELECTRODE
ARC-CHAMBER OUTLET

DEFINING SLOT

MAGNETIC FIELD FILAMENT

Figure 11. An exploded view of the three-electrode source installed in the D1 tank early
in 1943.

As the year 1943 began, not one calutron even remotely resembling a
production model had yet been built. A team of engineers from the Radiation
Laboratory and Stone & Webster were designing such a unit, but not more
than a few would be tested before the electromagnetic plant was ready for
operation. In the race for the bomb, all thoughts of a pilot plant had been
abandoned. Basic research, engineering development, and plant construction
would all be telescoped into one great effort. Thus, the unfinished experi-
ments with the horizontal tanks in the 184-inch magnet would have to be
basis for the design of 500 vertical tanks for the Y-12 plant. Stone & Webster
would launch the design and construction of the buildings at Oak Ridge with
only the roughest idea of what equipment those buildings would contain.
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The heart of the calutron—the sources and collectors—was only be-
ginning to be understood. Experiments with the three-electrode sources had
just started. No one knew why the third electrode improved the beam, and
months of experimentation would be needed to find the optimum positioning
of the slits simply by trial and error. For every part of the sources and col-
lectors, the small group of scientists at Berkeley were probing new realms
of research. They made thousands of studies for the design of the jonization
chamber, the basic research on the behavior of ionized gases in electric and
magnetic fields, the testing of materials for the filament and cathode which
ionized the charge material, the design of the cathode and the positioning of
the arc which it created, the design of the faceplate or J slit, and the removal
of chlorine compounds and other “crud” which plugged the J slit. The col-
lectors in use at the turn of the year were only a crude approximation of the
devices which could be installed in the production plant. Again entirely by
empirical methods, the Berkeley scientists were able to design a collector to
fit the beam, but they had not yet considered ways of retaining the sepa-
rated material in the collector, increasing the life of collector parts, measur-
ing and controlling the intensity of the ion beam, or making fine adjustments
in the positioning of the collector pockets. Until they explored such matters,
there would be little hope of operating two beams in one tank.

What then did General Groves and his army of supply, construction,
and equipment contractors know about the enormous plant they were to erect
in Bear Creek Valley? They knew the general size, shape, weight, and power
requirements of the magnet. They could guess the number of racetracks and
buildings that might be needed. They had some idea of the size, weight, and
shape of the tanks, but they had only the roughest specifications for the
sources and collectors.

RECRUITING THE Y-12 TEAM

The Stone & Webster organization had been alerted to the possibility of an
emergency construction program late in November, 1942, when the Lewis re-
viewing committee was making its grand tour of S-1 projects. On December
12, two days after the decision of the Military Policy Committee, Groves,
Marshall, and Nichols met with John R. Lotz in Stone & Webster’s Boston of-
fices. Either anticipating the improvements which Lawrence spoke of making
in the calutron or intending to build the Y-12 plant in large segments, Groves
told Lotz that he had reduced the electromagnetic plant to 500 tanks. On the
time schedule then contemplated, this would be a challenging assignment for
Stone & Webster. Lotz could take some comfort in learning that his company
would no longer be responsible for conmstructing the full-scale production
piles, which were now being planned for a site other than Oak Ridge. How-
ever, Groves suggested that the company might be required under its gen-

147



148

THE NEW WORLD / 1939-1946

eral contract to serve as the prime construction contractor for both the gase-
ous-diffusion plant and the Oak Ridge community.

As with the gaseous-diffusion and pile projects, Groves was anxious
to transfer design responsibilities from the universities to experienced engi-
neering organizations. He was dissatisfied with progress at Berkeley and re-
quested Lotz to attend a meeting with Lawrence in California. There, on an
afternoon two days before Christmas, the three plenipotentiaries of the
Army, university, and industry hammered out the agreement which was to
govern the design and construction of the electromagnetic plant. The Radia-
tion Laboratory would continue to supply Stone & Webster with experimental
data, but the company would have the final authority in design and construc-
tion. The goal was to build a 500-tank plant as quickly as possible. The com-
pany was to order all materials for the entire plant at once but could use its
discretion in determining the sequence and size of construction steps. Lotz re-
marked that the first step would probably be one racetrack of ninety-six
tanks. Stone & Webster would also direct all procurement and expediting of
materials, the negotiation of contracts with equipment manufacturers, and
the preliminary testing of the plant. The university was clearly expected to
take a secondary but still a vital part in its design and construction.®

The selection of an operating contractor had no less priority in the
mind of General Groves. For the same reasons which led to the swift nego-
tiations with Union Carbide for the gaseous-diffusion plant, Groves solicited
the advice of Lawrence and Lotz at the Berkeley meeting. Apparently Groves
was using his associates merely to check a decision he had already made. The
following morning, he placed a long-distance call to James C. White, vice-
president and general manager of the Tennessee Eastman Corporation.
Groves was familiar with the company’s accomplishments in constructing an
explosives plant at the Holston Ordnance Works near Kingsport. White at
once expressed his concern that the novelty of the process might rule out his
company, which was primarily an operating unit for Eastman Kodak and
did no fundamental research. Groves assured White that he was not looking
for “long beards.” He already had the pick of the academic brains and “so
many Ph.D.’s that he couldn’t keep track of them.” What Groves wanted was
a company with experience in industrial production. On January 5, after a
long discussion with Groves in Rochester, White accepted the assignment.
Like Union Carbide, Tennessee Eastman would serve as consultant during
construction, undertake research on special problems as required, train op-
erating personnel, and operate the plant. Before departing for Washington,
the General announced that he was leaving Chicago on January 11 for a
planning session in Berkeley; he expected Tennessee Eastman to send a dele-
gation.®®

The day before the Rochester meeting Groves had completed negotia-
tions with four contractors to provide most of the equipment for the electro-
magnetic plant. From the contractor’s point of view, the prospects were un-
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inviting. Specifications were vague, the air swarmed with questions, and there
was an impossibly short time to find answers. But the General’s conviction
and drive carried the day. The Westinghouse Electric and Manufacturing
Company took the brunt of the job: to manufacture the tanks, liners, sources,
and collectors. The General Electric Company accepted a scarcely smaller
and in some ways more difficult load: to provide the tremendous amount of
high-voltage electrical equipment to supply the magnets and tanks. The Allis-
Chalmers Manufacturing Company, soon to be involved in the gaseous-diffu-
sion project, agreed to fabricate the huge magnet coils, and the Chapman
Valve Manufacturing Company accepted an order for the hundreds of preci-
sion vacuum valves. This, at least for the present, was the Y-12 team.

Groves and his entourage of contractors arrived in Berkeley on Janu-
ary 13, 1943. White and the Tennessee Eastman group spent the morning
with Lawrence and Groves, who explained the process in detail and its rela-
tion to the bomb project. After lunch they returned to the cyclotron building
on the hill and watched the operation of the new tanks in the 184-inch mag-

‘net. The following morning they met on the Berkeley campus with other
members of their own staffs and with representatives of Stone & Webster,
Westinghouse, and General Electric. Groves wanted the first racetrack in op-
eration by July 1, 1943, and additional tanks to be delivered at a rate of
fifty per month so that all 500 would be in production by the end of the
year. Roy E. Argersinger, the Berkeley representative for Stone & Webster,
insisted that this schedule was impossible. Design of the tanks was not yet
complete, and he believed that it would take at least ten days to collect
enough information just to start scheduling. Then all the purchasing, ex-
pediting, and design work would have to be done in Boston. Groves insisted
that the schedule could be met. Perhaps it would be necessary to begin whole-
sale procurement without attempting to work out a well-geared delivery
schedule. No doubt mistakes would be made by proceeding in this fashion,
but the risk had to be accepted. What Groves would not excuse was indeci-
sion or delay in order to achieve perfection. What the contractors insisted
upon was freezing designs as soon as possible so that manufacturing of com-
ponents could begin. No one agreed with this aim more heartily than Groves,
but he was, for all his talk about schedules, never one to be stampeded into
premature decisions. Other questions were looming on the horizon, and de-
tailed design of the plant would not be fixed for six weeks.*

The participants in the January 13 meeting, however, did carry away
with them a general conception of the Y-12 plant. They could envisage the
five racetracks, each containing ninety-six tanks housed in three long build-
ings. The racetracks would be massive, steel, elliptical structures 122 feet
long, 77 feet wide, and 15 feet high. Since two tracks would be placed end-to-
end on the second floor of each building, the structures would be nearly 450
feet long, of reinforced concrete and masonry. The forty-eight magnet coils
would be connected by a huge bus bar running along the top of the race-
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track and would be energized with direct current from motor generator sets
at the ends of the building. Each of the forty-eight gaps would contain two
tanks placed back to back, half facing the outside and half the inside of the
tracks. All the internals of the tank—the sources, collectors, and liner—
would be fastened to a huge vacuum-tight door which would be installed in
the tank by special lifts. More than half the floor area in the building would
be occupied by auxiliary and control equipment. Two-story bays on each side
of the racetrack rooms would house the elaborate electrical equipment to sup-
ply carefully regulated high-voltage power for the electrodes, liners, and re-
ceivers. In these rooms would be located the control panels for each tank, to
be manned by hundreds of young women from the surrounding Tennessee
countryside.

The entire ground floor would be occupied by the massive vacuum
pumps and by cooling equipment which would service the tanks above. It
would also be necessary to build separate chemistry buildings, where the
uranium tetrachloride charge material would be prepared from uranium
oxide and placed in pyrex or stainless-steel bottles for the sources. Following
operation of the tracks, the small amounts of uranium 235 would have to be
recovered from each of the collectors by chemical extraction. Most of the
charge material would be splattered over the inside of the liner, collectors,
and sources and would be recovered by scrubbing and washing in the race-
track buildings. Facilities in the chemistry buildings would be used to re-
cover the natural uranium from the wash. Thus the plant was conceived in
broad outline. The details were yet to emerge from the hectic activity in
Berkeley, Boston, Rochester, Pittsburgh, and Schenectady.*

On General Groves’s instructions Lawrence called weekly co-ordina-
tion meetings of the representatives of all the major contractors. In the aca-
demic surroundings at Berkeley, Lawrence patiently listened to the questions,
complaints, and suggestions. With his tact, good humor, and boundless en-
thusiasm he calmed troubled waters and proposed compromises. Transcripts
of these conferences were sent to General Groves and the contractors’ home
offices. For important decisions, Groves went to Berkeley himself, and after a
thorough briefing by Captain Harold A. Fidler, more than held his own in
ironing out engineering problems. Hundreds of administrative and technical
questions were settled quickly at the Berkeley meetings. They were to be the
focus of the Y-12 project until the first racetracks at Qak Ridge were put in
operation.*!

During the winter of 1943, Tennessee Eastman quickly emerged as
the chief co-ordinator of equipment manufacture and procurement. On Janu-
ary 23, White announced that the company would assume direct responsi-
bility for the preparation of feed and for chemical processing, two matters to
which Lawrence admittedly had given little attention. Lawrence was even
more anxious to have the company’s help on electrical equipment. Tennessee
Eastman set up an office in Berkeley to serve as a clearinghouse for technical
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information and as a headquarters for operating personnel who would be
trained on the full-size test calutrons to be constructed in the cyclotron
building. With Stone & Webster fully occupied with design in Boston, Ten-
nessee Eastman established an office there in February, and within a month
began to gear research and design to equipment manufacture.*

The risk of undertaking construction without a pilot plant had been
accepted as one of the hazards of war, and this fault harassed the electro-
magnetic project from the start. As soon as each group turned to the de-
tailed design of a component, they inevitably found ways of enhancing its
operation. When these improvements could be utilized without affecting
other specifications, they were quickly adopted. But more often than not,
their use would trigger a chain reaction of modifications which would upset
decisions already regarded as final. It was startling to add up all the changes
that purportedly would double the output of the plant. At the very first co-
ordination meetings, Lawrence was advocating an increase in the height of
the tanks from twelve to fifteen feet. Hardly had his suggestion of using two
sources in each tank been accepted when he warmed to the possibility of using
four; and eight or even sixteen were not beyond the limits of his imagina-
tion. Others on Lawrence’s staff, notably Edward J. Lofgren, were convinced
of the advantage of building a second stage, especially designed to use the
enriched material from the first five racetracks. Lawrence was not sure that
the second stage would be needed, but by the middle of February Groves
found the idea attractive. His cool realism told him that a second stage might
be required, not only for Y-12 product but also for that from the gaseous-
diffusion plant. Resolving problems such as these required much more than
technical knowledge; it demanded an intuitive sense or “feeling” for the
process, a boldness and yet a reasonableness which Groves seemed to possess
in the right proportions. Lawrence was inclined to be carried away by his en-
thusiasm. Colonel Marshall was too quick to shut off the flow of new ideas.
Groves resolutely kept the situation fluid until a decision was in order; then
he forced the decision regardless of the possible consequences.*

By the middle of March, 1943, Groves knew he had reached the time
for decision. In the Stone & Webster offices in Boston on March 17, he re-
viewed the evidence. On the design of the first five racetracks, Colonel Mar-
shall carried the day. All five would be identical, and no changes would be
permitted except those which could be made without postponing the comple-
tion of the plant. A decision on the second stage was more difficult. The
Radiation Laboratory had completed only the most preliminary studies of
the equipment and only a few Stone & Webster personnel had seen the draw-
ings. The calutrons in this second, or “Beta” stage, as it was now called,
could be much smaller than those in the first five racetracks, or “Alpha”
plant. They would be only large enough to process the relatively small
amount of material from the first stage. Thus, all the product from Alpha
could be handled by a Beta plant consisting of two magnets, each containing
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thirty-six tanks and seventy-two sources. In most dimensions, the Beta calu-
trons would be half the size of the Alpha. The smaller volume of the tanks
would make it easier to maintain vacuums, but the shorter running time with
each charge would require more rapid pump-down of the vacuum system.
The greatest risk in Beta was the possibility of losing the Alpha product.
Since the accumulated product of several Alpha runs would be needed for
one Beta charge, every loss in Beta would amount to a multiple loss in Al-
pha. Despite the risk, Groves thought the second stage was necessary. When
he had assured himself at the Boston meeting that the plant could be built in
time to receive the first product from Alpha, he gave his approval.*

INITIAL Y-12 CONSTRUCTION AND PROCUREMENT

Long before the March meeting in Boston to fix the design of the plant, con-
struction had started at the Oak Ridge site. Soon after the first of the year,
Stone & Webster began assigning construction personnel to the project from
its Knoxville recruiting office, and site-clearing was begun. The company
broke ground for the first Alpha building on February 18, 1943, when only
the foundation drawings had been approved. Within a few weeks the Boston
office sent additional drawings and the tempo of construction increased.
Workers on the site could not escape the impression that the whole valley
was being torn up and transported en masse by scores of cranes, shovels,
tractors, and road-grading machines. Before the end of the month, the con-
tractor started foundations for the Alpha and Beta chemistry buildings, and
this was weeks before any formal decision had been made to build the Beta
plant. Score upon score of modifications would be required as the detailed
designs were completed, but if the plant was to be in operation before the end
of the year, construction could not be delayed even by the absence of plans.
Sometimes the consequences were bad. For example, in May, when the Y-12
layout had been established by construction on two Alpha buildings, the
chemistry buildings, administration building, cafeteria, and a score of service
buildings, excavations for the third Alpha building revealed a layer of shat-
tered limestone. The large irregular boulders and deep rock crevices made
an uneven foundation. Because it was impossible to change the location of the
building, the entire area had to be excavated, the crevices dug out by hand
labor, and a solid mat of concrete placed over the irregular sections.

The magnitude and special features of the plant made labor recruit-
ment difficult. Stone & Webster could recruit key personnel from its Boston
office, but for general labor and especially the skilled trades the contractor
had to rely on outside sources. The company’s employment office in Knoxville
produced enough labor for the early stages of construction, but Stone & Web-
ster soon turned for help to the U. S. Employment Service, the Building
Trades Council, and various national craft unions. Recruiters stationed in the
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larger labor centers throughout the South sent a steady stream of workers to
Oak Ridge in the spring of 1943. Even when sufficient numbers of skilled
laborers were on the job, they were not always able to meet the high speci-
fications for the plant. Special tools and jigs were built, fully equipped
shops were constructed, and groups of mechanics were trained for specific
tasks for which they were moved from building to building.

Procurement of materials and equipment was scarcely easier than the
recruitment of labor. Stone & Webster established one purchasing depart-
ment in Boston for process equipment and another at Oak Ridge for struc-
tural materials. In terms of quantity, the procurement of structural materials
was the more impressive. In one four-week period, sixty-three rail cars of
concrete blocks were unloaded at Y-12. In an eleven-week period, 1,585 cars
of lumber arrived. Almost 38 million board-feet of lumber, 5 million bricks,
and 13,000 windows were delivered. Inspector-expeditors had to rush raw
materials to equipment fabricators. At the peak of construction, in the spring
of 1944, Stone & Webster had more than 100 men following thousands of
suborders placed by contractors and vendors as well as the purchase orders
placed by their own company.*

The Army had assumed responsibility for one of the largest procure-
ment items in the summer of 1942. Even at that early stage in the evolution
of the electromagnetic plant, Marshall and Nichols saw that tremendous
quantities of copper would be needed for the magnet windings. Since the
plant would probably be a temporary installation, they hit upon the idea of
using the large stocks of silver bullion in the Treasury rather than copper,
which was in desperately short supply. Early in August, Nichols learned from
Daniel W. Bell, Under Secretary of the Treasury, that 47,000 tons of silver
were already available to the defense program and that another 39,000 tons
could be released with proper Congressional authorization. Nichols con-
cluded arrangements for the transfer before the end of August, 1942. The
first of 14,700 tons of silver were hauled from the West Point Depository to
the Defense Plant Corporation at Carteret, New Jersey, on October 30. There
the bars were cast as cylindrical billets, which were extruded and rolled into
strips by the Phelps Dodge Copper Products Company at Bayway, New Jer-
sey. The strips, % inch thick, 3 inches wide, and about 40 feet long, were
wound on the magnet coils by Allis-Chalmers in Milwaukee. The huge bus
bars of solid silver, roughly a square foot in cross section and running
around the top of the racetrack, were fabricated at Oak Ridge.*

For most components, however, procurement could not be so methodi-
cally planned. No contracts for process equipment were signed until 1943,
and even then the supplier had no definite specifications for the equipment he
was to produce. With nothing more than the rough drawings and experimen-
tal results from the Berkeley laboratory, commitments had to be made on
designs, production methods, and delivery dates, in full knowledge of the
fact that changes would be required as more detailed designs were completed.
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Westinghouse had to proceed with the production of 500 calutrons before one
full-scale unit could be built and operated in the laboratory. General Elec-
tric had to place orders for electrical equipment before power requirements
were clearly understood. To the lack of specifications were added the over-
whelming priority problems faced by suppliers at all levels. Probably Gen-
eral Electric felt the priority pinch most severely as a result of the extreme
shortage of electrical equipment and the large demands for Y-12. Late in
February, 1943, Groves’s lieutenants in Washington warned that electronic
tubes were in such great demand for the war effort that the Army and Navy
Munitions Board would force them to fight for every tube needed for the
electromagnetic plant. Tube requirements were far from established at that
time, but General Electric could estimate that as many as 5,000 high-voltage
rectifier tubes, each more than two feet high, would be needed for the initial
installation. No one knew what the expected life of the tubes might be, but it
seemed possible that 1,000 replacements a month might be necessary. Six
weeks later the outlook was far from good. In addition to the tube shortage,
new bottlenecks were experienced in procuring high-voltage transformers,
generator sets, switching gear, current regulators, and operating panels. By
spring, delays in the production of electrical equipment were fast becoming
the most serious threat to completion of the plant on schedule.”

Early in May, 1943, Lawrence made the rounds of Y-12 construction
and equipment manufacturing projects in the East. In Pittsburgh at the
Westinghouse plant he saw a large number of vacuum pumps already com-
pleted, about a dozen vacuum tanks being assembled, and one tank being
vacuum tested. He inspected the assembly lines for the manufacture of
sources and receivers. One liner assembly was complete and ready for ship-
ment to Berkeley. In Boston he visited the Stone & Webster offices, where he
saw hundreds of engineers, draftsmen, and procurement officers at work. He
left a meeting of General Electric vice-presidents in Schenectady on priority
problems with an air of optimism. He toured the Tennessee Eastman plant
at Kingsport and the Holston Ordnance Works before going on to Qak
Ridge. Everything before had been impressive, but this sight was awesome.
He saw miles of new roads, acres of railroad track filled with trainloads of
materials and equipment, rows of warehouses and barracks, and hundreds
of new homes on the rolling hills. From the town, he climbed to the top of
the ridge where he could look down on the Y-12 plant. He found it hard to
adjust to its vast scale; the high-voltage transmission lines coming over the
hill, the big switchyard with its mammoth transformers, the great expanse of
excavations and building foundations. On that scale even the size of the race-
tracks, which seemed so large in comparison with laboratory equipment, was
insignificant. Lawrence for once had difficulty in getting his bearings. He told
his colleagues in Berkeley: “. . . When you see the magnitude of that op-
eration there, it sobers you up and makes you realize that whether we want
to or no, that we’ve got to make things go and come through. . . . Just from
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the size of the thing, you can see that a thousand people would just be lost
in this place, and we'’ve got to make a definite attempt to just hire everybody
in sight and somehow use them, because it’s going to be an awful job to get
those racetracks into operation on schedule. We must do it.” *

NEW RESEARCH ON THE Y-12 PROCESS

Although Lawrence justifiably emphasized the early operation of Y-12, he
never lost sight of the many improvements which further research might
make possible. During the winter and spring of 1943, he used the new tanks
in the 184-inch magnet for such experiments.

Among all the possibilities, Lawrence took greatest interest in the “hot
source.” Rather than hold the ion source at ground potential or “cold,” it
was theoretically possible to run the source at a high positive voltage, or
“hot.” On paper at least, there were several advantages in the hot source.
If the source were at a positive potential, the accelerating electrode would
be at ground, and the decelerating electrode at a relatively small negative
potential. The use of voltages both above and below ground potential would
permit about the same spread of voltages between the electrodes as in the
cold source, but the maximum potential with respect to ground would be re-
duced from 50,000 to perhaps 20,000 volts. The lower maximum voltage
would reduce insulator failures in the power supply, and both positive and
negative voltages would make for more efficient use of power. A second advan-
tage seemed to grow in importance after experiments with cold sources: if
the accelerating electrode were at ground potential, the liner and receiver
could be at ground also. In fact, there was no reason why the cumbersome
heavy liner suspended on insulators could not be eliminated altogether.

As often happened, the theoretical advantages were not immediately
realized in the laboratory. Hot sources had first been tried in the C2 tank in
August, 1942. Insulator breakdowns within the source were severe enough to
indicate that the hot type could not be developed without further research.
Lawrence, therefore, turned the main effort to the cold source for the initial
electromagnetic plant. In March, 1943, however, he approved installation of
a single hot source in the R1 tank. Resulis were excouraging almost from the
start. Performance of the first experimental unit was low, but a new single
hot source installed a few weeks later produced a beam of 110 milliamperes.
The first double hot source installed in D1 in June gave a sustained total
output of 175 milliamperes. These values were small, to be sure, but they
convinced Lawrence that the best hopes for the future lay in multiple hot
sources.*

At the same time, Sidney W. Barnes, Bernard Peters, and others at the
Radiation Laboratory were making impressive advances in the design of re-
ceivers for the Alpha plant. The designs evolved slowly as a succession of ex-
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perimental models was tested in the R1 and D1 tanks. In May, 1943, Barnes
came up with a design which closely resembled the receivers later produced
in quantity by Westinghouse. (Figure 12) Because he did not consider it
worthwhile to recover the uranium in the 238 portion of the beam, Barnes
did not incorporate a 238 pocket in his collector. Instead he let the beam
strike an electrode called the Q carbon. To capture the 235 beam, he per-
fected the design of a deep cavity, called the R pocket, in the bottom of
which were a series of tilted carbon plates. Known as the “footscraper,” this
unit trapped the 235 ions and was insulated so that the magnitude of the R
beam current could be measured. On the 45-degree face of the receiver were
the R and Q defining carbons which could be adjusted to optimize the recep-
tion of the beams. A door was installed over the R pocket to prevent the
entry of contaminating materials during periods of start-up or adjustment.
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Figure 12. A cross section of the Alpha receiver developed in the spring of 1943. The Q
electrode received the U-238 portion of the beam. The “footscraper” in the R pocket
trapped the U-235 portion.
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Every dimension and specification of the collector was determined in a long
series of painstaking experiments, which had been telescoped into a few
months of intensive study.*”

The March 17 decision to build the Beta plant swept over the Berkeley
project like a tidal wave. Before the basic design of Alpha was completed,
research had to start on a new process. From the beginning, Lawrence
planned to use multiple hot sources for Beta. Since the Beta calutrons were
to be half the size of the Alpha, it would be necessary to build sources which
would produce multiple beams operating very close together without inter-
ference. Although liners would not be required for electrical operation of
the calutrons with hot sources, some sort of liner would be needed to facili-
tate the recovery of the enriched Alpha product, which would be used as
feed for Beta. When efficient chemical recovery became the primary factor in
design, substantial modifications in the liner could be expected. Receivers,
too, would require some changes. Pockets to capture both the enriched and
depleted material were now essential, and the more intense beams produced
on the shorter radius in the Beta units would call more attention to methods
of prolonging the operating lifetime of receiver parts.

In contrast to the initial electromagnetic plant, the general layout of
Beta was not determined by experiments at Berkeley but by engineering
studies at Oak Ridge. Months of mental, if not actual, wrestling with the calu-
trons for the Alpha racetracks revealed the changes that should be incorpo-
rated in any additional plants. First among these was the elimination of the
oval racetrack in favor of a rectangular magnet. Tennessee Eastman had al-
ready discovered how hard it would be to hoist the heavy calutrons over the
racetrack from the “infield.” The alternate arrangement of tanks within the
track unnecessarily complicated the electrical and vacuum supply lines. For-
tunately, the rectangular arrangement was facilitated by the smaller number
of tanks required. Tennessee Eastman concluded that the Beta building should
house two tracks of thirty-six tanks. The tracks would be divided into two
banks, the tanks in each bank facing the same way to simplify supply lines. If
Lawrence’s scientists were not called upon to make these decisions, they were
required to incorporate them in research on the Beta calutron with the 37-inch
magnet.

By far the greatest impact of Beta was on process chemistry. For Alpha,
the chemical requirements seemed simple enough to be studied in a routine
way at Berkeley. The preparation of uranium tetrachloride feed from ura-
nium oxide was a straightforward process which was incorporated into the
design of the chemistry building at Oak Ridge. The recovery of product
seemed simple, if only in terms of scale. In early 1943, there were no plans
for the complete recovery of the large proportion of uranium which did not
enter the receiver pocket. The very small amount of enriched uranium in the
pocket could be recovered by washing and scrubbing the receiver and then by
separating the impurities from the uranium by chemical methods. The ad-
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vent of Beta, however, caused Lawrence to see the chemistry in a new light.
The implications for Beta were clear enough, at least in general terms. The
feed for Beta would not be prepared from natural uranium oxide but from
the valuable Alpha product. Thus, all steps in the preparation of feed had to
minimize losses. Once the Beta units had been operated, the utmost care
would have to be exercised to recover not only the traces of fully enriched
uranium 235 but also the rest of the charge, which would be spewed over
the liner, source, and receiver. This portion of the charge, containing virtu-
ally all the original, would have to be reprocessed in the chemistry buildings.”

Lawrence’s acceptance of Beta reflected a much less optimistic view of
Alpha, and this attitude had its effect on Alpha chemistry. When there arose
some doubts whether the process developed at Berkeley would produce
enough feed for Alpha, Lawrence arranged for research on an alternate proc-
ess at Brown University. At the same time, he expanded chemistry activities
at the Berkeley and Davis campuses of the University of California and en-
couraged Tennessee Eastman personnel in Rochester to take a greater part in
the design of process equipment for the chemistry buildings at Oak Ridge.

Another drain on Berkeley talent was the effort required to build the
first full-scale experimental models of the Alpha and Beta calutrons. During
the first weeks of 1943, Lawrence ordered the construction of a small section
of the Alpha racetrack in the cyclotron building. The unit was full-size, with
twelve-foot magnet coils and vacuum tanks. There were, however, but three
coils and two gaps, with only one tank in each gap. The calutrons were
closely modeled after D1, the sources, collectors, and liners all being
mounted on the door which sealed the tank. To approximate Alpha operating
conditions in these first vertical tanks, the source was placed on the top of the
door in the first tank and on the bottom in the second. Each tank contained
double cold sources and two single-pocket receivers of the type developed by
Barnes. The unit was quickly built and first operated in March, 1943. In pro-
duction runs during May it was found capable of producing material en-
riched to 9-per-cent uranium 235, but production was unimportant except to
the extent that it indicated success of the full-scale plant. The experimental
unit was used to detect faults in the Alpha calutrons, to test different types of
sources and receivers manufactured both at Berkeley and Pittsburgh, and to
train senior operating personnel sent to the West Coast by Tennessee East-
man. During the first few months, both tanks were used mostly for experi-
mental runs, but later the second tank was usually reserved for training until
similar units could be completed at Oak Ridge.

Even by utilizing the Berkeley units around the clock, Tennessee East-
man officials saw that they were rapidly falling behind their training schedule.
The company made a tremendous effort to complete the first Alpha experi-
mental units at Oak Ridge. Ground was broken on April 13, 1943, for a
building to house experimental Alpha and Beta units. The superstructure of
the building was completed in three weeks. Within a few weeks more, Stone
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& Webster was ready to install the three mammoth magnet coils, each weigh-
ing 330 tons, for the Alpha unit. By that time, Tennessee Eastman and the
Army were clamoring for the calutron parts and electrical equipment needed
to put “XAX” into operation.*

DECISION TO ENLARGE Y-12

These accomplishments in the spring of 1943 in large measure justified Law-
rence’s unflagging confidence in the electromagnetic process. By early sum-
mer, hundreds of engineers and draftsmen in Stone & Webster’s Boston
offices were completing the last of thousands of drawings which were being
used in scores of manufacturing plants to produce equipment for Oak Ridge.
For this enterprise, General Groves had authorized more than $100 million.
Five Alpha racetracks, two Beta tracks, the Alpha and Beta experimental
units, the chemical processing buildings, and scores of auxiliary and service
structures were in various stages of construction. Heartening news came also
from the experiments at Berkeley with the new tanks in the 184-inch magnet
and with the experimental Alpha unit. Operation of the latter led Lawrence
to predict that each Alpha tank at Oak Ridge would produce 300 grams of en-
riched uranium per month. This rate could be doubled, he believed, by in-
stalling double hot sources of the type tested successfully in Tank D1 during
June. True, the contractor team had not met Groves’s demand that the Alpha
experimental unit at Oak Ridge be completed by July 1, but it was ready for
initial tests during the first week of August. Although it did not seem likely
that all five Alpha racetracks would be in operation by the end of 1943, Law-
rence had not given up hope of having the first track running by early
September, as Groves insisted.

But events elsewhere were moving even more swiftly. Lawrence’s
hopes for greater Y-12 production were more than offset by newer and
higher estimates of the amount of uranium 235 needed for the bomb. In July,
Robert Oppenheimer, director of the new weapons laboratory at Los Alamos,
New Mexico, reported that the median estimate of his scientists had roughly
tripled. This three-fold increase prompted Conant to admit to his diary that it
was now nip and tuck whether Y-12 would ever produce enough material for
a weapon in the present war. At the same time, Conant was not ready to
write off the electromagnetic process. If the plant could be completed in 1943,
a few kilograms of uranium 235 would be available early in 1944. These
would be invaluable for weapon experiments; and with all the breaks, it
might be possible to have one bomb by the fall of 1944. In view of the dis-
couraging reports from New York on barrier development, it seemed to Co-
nant unlikely that gaseous diffusion would produce even one gram of mate-
rial by that time. Lawrence did not miss this opportunity to suggest that Y-12
might well be the only hope for a uranium-235 weapon. When the barrier
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crisis led Groves to speak of eliminating the top of the K-25 cascade, the
California scientist was quick to calculate how it might be possible to reach
the cherished goal of one kilogram of uranium 235 per day by using the par-
tially enriched material from K-25 as feed for Y-12. Groves reported this sug-
gestion favorably to the Military Policy Committee on May 5, 1943. During
the summer, Lawrence relied on this idea as the main justification for pro-
posals to enlarge the electromagnetic plant.®

Lawrence began his campaign at a Chicago meeting with Groves on
July 8. Pointing to the recent success with the double hot source, he chal-
lenged the Army’s decision to make all five Alpha tracks identical. He was
sure that hot sources would double production. He was just as certain that
double sources would work, and he could see no reason why four, or even
eight, beams could not eventually be run in each tank. With such prospects
within reach, was it not foolish to continue the construction of the Alpha
tracks with the original cold source? Groves did not oppose plant improve-
ments, but he was wary of any changes which might delay completion of the
plant thus far approved. The best Lawrence could get was a compromise.
The first four Alpha tracks would be completed as planned, but the fifth
would use double hot sources. Any decision to convert the other Alpha tracks
to hot sources was to be postponed until August 15; the question whether to
build additional Alpha tracks would not be decided until the end of that
month.

By the end of July, Lawrence was ready to try for two double hot
sources in each tank. At a special meeting in Berkeley on August 5, 1943, he
took the stump for such a four-beam source. One had been installed in Tank
D1 the previous week and was already giving excellent results. Despite a
minor error in the design of the electrodes, the source had produced a total
beam of 300 milliamperes. Lawrence had no doubt that 400 milliamperes
would be obtained when this error was corrected. From the standpoint of
physics, the four-beam source was sure to be a success, and the engineers
from Stone & Webster and Tennessee Fastman agreed that it would be as easy
to install as the double source. After a few more probing questions, Groves
was convinced. He authorized the four-beam source for the fifth track on the
conditions that the change did not delay completion of the plant and that a
fully successful run was achieved with the test unit in D1. Bubbling over with
enthusiasm, Lawrence was determined to produce that evidence within a few
weeks. On August 19, he admitted that the test runs were not all he had
hoped for, but he was certain that he understood the reasons for inadequate
performance. For Lawrence, this was good enough. The fifth track would use
the four-beam source.™

Now only a few days remained before Groves had to make the big
decision—whether to increase the number of racetracks in the plant. He had
one mission, to produce the bomb in the shortest possible time. With that
goal constantly before him, he was predisposed from the start to approve the
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expansion, but he insisted on being convinced by Lawrence and the others
who advocated the step. Thus he could be sure that they considered every
factor and put their decision in the record. Although he did not reveal his
sentiments to the Y-12 group, he was optimistic about the project. He knew
enough about the work at Los Alamos to see that estimates of bomb size were
anything but certain. Therefore, no one could say when the plant might
produce enough material for a bomb—any time from September, 1944, to
early 1945. While he continually complained to his contractors about delays
in construction, Groves told the Military Policy Committee that the job was
on schedule. He was pleased when, after a week of start-up difficulties, the
experimental Alpha unit at Oak Ridge was operated successfully for the
first time on August 17, 1943. There was no question now that the plant
would operate, and Groves felt certain that the electromagnetic process was
the shortest route to the bomb.

Before making a final decision, Groves called the laboratory and con-
tractor representatives to an all-day meeting in Berkeley on September 2,
1943. He reviewed the series of decisions made on the fifth Alpha track and
the impact those changes were having on the design and manufacture of
equipment. He nailed down the decision to put any additional Alpha tracks
in a completely new set of buildings. He explored the still preliminary de-
signs of the Beta plant and the laboratory’s plans to build test units. Then,
late in the morning, he turned to the design of the new plant. How many
sources would be used in each tank? How many tanks per magnet gap?
Would rectangular magnets be used? How many Alpha and Beta tracks
should be built? How many auxiliary buildings would be necessary? The
wily general was getting a feel of the situation and by the end of a long day
he liked what he felt.

Groves presented his plan to the Military Policy Committee on Sep-
tember 9. The new plant, which he designated Alpha II, would consist of two
buildings each containing two tracks of ninety-six tanks each. The magnets
would be rectangular, with all tanks facing the same side of the magnet. Four
hot sources would be installed in each tank. Since liners would not be required,
the sources and receivers could be mounted on separate doors to make main-
tenance easier. Groves estimated that Alpha II would cost about $150 million.
To this figure, he would have to add the cost of perhaps another Beta build-
ing and additional chemical facilities. Thus the General placed a heavy bet
on the Y-12 process.*”

SHAKEDOW N

During the summer of 1943 the center of activity began to shift from Berke-
ley to Oak Ridge. With construction in full swing, Stone & Webster’s payroll
hit 10,000 employees by the first week in September. As soon as overhead
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cranes were set and roof slabs installed on the first Alpha building, work-
men began unloading the massive magnet coils which had been shipped from
Allis-Chalmers’ Milwaukee plant. Then began the seemingly endless job of
placing and grinding the heavy core castings. Meanwhile, pipe, valves, pumps,
motors, cable, vacuum tanks, electrical equipment, control panels, and calu-
tron parts began to inundate the construction site. Often the equipment to be
first installed was the last to arrive, and carefully prepared installation
procedures had to be revised on the spot. Because there had been no real pilot
plant, the first Alpha building had to serve that purpose for many of the de-
tails of design and installation. No matter how careful the preparations, de-
lays had to be accepted in the construction of a completely new kind of plant.
With one last great effort, Stone & Webster succeeded in completing the mag-
net for the first track by the first week in October. Then, as the final calu-
tron parts and electrical equipment were delivered, the contractor strained to
complete the plant by November 1, 1943.

Tennessee Eastman had in the meantime been assembling and train-
ing its operating force. Early in the year, the company had estimated that
it would need 1,450 people to operate the first track and 2,500 for all five
Alpha units. The addition of the Beta buildings and Alpha II had by sum-
mer multiplied those requirements several times. Recruiting offices were es-
tablished in a number of cities, but the best results were obtained in the
Knoxville area. An initial cadre of operating personnel had gone to Berkeley
during the spring for training on the Alpha experimental unit. Others went
to the Berkeley and Davis campuses and to the Eastman plant in Rochester
for instruction in chemical processing. Many members of these groups
served as instructors for the large numbers of operating and maintenance
personnel recruited during the summer. When the experimental Alpha unit at
Oak Ridge was completed in August, the development building was swarming
around the clock with would-be operators and maintenance crews. By the
time the first Alpha track was ready for operation in November, Tennessee
Eastman had 4,800 operating personnel on its rolls.’

The first notes of trouble began to filter through the hubbub of ac-
tivity in late October, 1943. When the first magnet coils were tested, it was
found that resistance to ground was no more than a few ohms. Because the
leakage seemed to be distributed throughout the entire coil, it was assumed
that moisture in the circulating oil which cooled the coils was effectively
shorting out the system. If this were true, the leakage could be expected to
disappear as the moisture was driven off by operating temperatures. In the
meantime, there were other faulis to correct. Testing of the vacuum tanks re-
vealed many small leaks which had to be closed. Some of the welds in the
magnets gave way and spilled oil on the operating floor. Under the stress im-
posed by the tremendous magnets, some of the vacuum tanks pulled loose
and moved several inches out of line. The failure of rectifier tubes and other
electric equipment constantly plagued the early attempts at operation. Even



EXPERIMENTAL RACETRACK (XAX) AT Y-12, OAK RIDGE / This unit was built
in the summer of 1943 to test the Alpha tracks for the electromagnetic process and to
train operators. Workmen are preparing a tank for insertion between the magnet coils.



ALPHA I TWO-BEAM UNIT / This unit rests on its door on a storage dolly. ALPHA T UNIT IN WASHSTAND / Part of the process
The covers have been removed to show the double source at the right and the of recovering the uranium-tetrachloride charge that did not
two receivers at the left. reach the receiver.



ALPHA I CONTROL ROOM / Each operator tends two control panels, one for each
tank. By the spring of 1945, almost 22,000 workers were required to keep Y-12 in
operation.



ALPHA I RACETRACK / The reason for the name is obvious. The protruding ribs are

the silver-wound magnet coils. The boxlike cover around the top contains the solid-silver

bus bar.

BETA RACETRACK / Compare with the Alpha I racetrack, noting the rectilinear
arrangement and the smaller scale of the equipment.
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when enough faults could be eliminated to permit some semblance of opera-
tion in a few tanks, frequent shorts in the calutrons and clumsy adjustments
by inexperienced operators made the attainment of a sustained beam an un-
usual event.

Under the weight of these failures, the operation of the first Alpha
track ground to a halt in the first days of December. The worst problem was
the shorts in the magnet coils. When a few of the coils were opened, it was
discovered that the shorts were caused not by moisture but by millscale, rust,
and other sediment in the cooling oil. The word flashed to Berkeley: Y-12
was in trouble.

When General Groves arrived on the scene on December 15, 1943,
morale at Y-12 had hit bottom. The General inspected the opened coils and
then met with his contractors to devise a solution. Westinghouse engineers
assured Groves that there was nothing wrong with the magnet design. The
coils could be expected to operate satisfactorily if the cooling oil could be
kept clean. The only hope for the first Alpha track was to ship all the coils
back to Allis-Chalmers, where an attempt would be made to clean them with-
out complete dismantling. Having ascertained the facts, Groves ordered re-
turn of the coils at once. Then he turned to ways of preventing such failures
in the future. From the divided counsels presented, the General selected the
most likely, if not certain, preventive measures. The oil piping would be care-
fully cleaned before installation, and special oil filters would be added to the
system.”

With the first Alpha track (Alpha 1) out of operation for weeks,
Stone & Webster and Tennessee Eastman concentrated every effort on Alpha
2. All oil lines and coils were inspected, oil filters were ordered, and final ad-
justments were made on calutrons and electrical equipment as soon as they
could be installed. By January 15, 1944, the first few tanks were evacuated,
and the calutrons started. Within a week virtually all the tanks had been op-
erated, although most of them for only a very short time. At first it seemed
that routine performance would never be possible with the temperamental
equipment. Elecirical failures occurred by the hundred, chemical equipment
broke down, and many tanks were turned off for lack of spare parts. Mainte-
nance crews, often on double shifts, were so harried that repair work lagged.
An improperly assembled source, a damaged receiver, a cracked insulator, a
clogged accelerating slit, a vacuum spoiled by a dead mouse, a corroded
chemical tank—thousands of little faults all added up to frustration and dis-
appointment. Only in these first production runs was it fully apparent how
damaging minor faults could be. The smallest failure inside a tank could re-
quire breaking the vacuum seal, a quick repair, and thirty or more hours of
pump-down and bake-out before the operating vacuum was restored.

Lawrence, however, did not let this swarm of breakdowns cloud his
view of what had been accomplished. Although only a few tanks were operat-
ing at any one time, their individual performance was improving. Early in
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February, Lawrence found that the Berkeley scientists who were experiment-
ing with eight tanks in Alpha 2 could maintain productive beams during 90
per cent of each operating cycle. For all other operable tanks in Alpha 2, the
figure was approaching 40 per cent, and in many cases the inexperienced
young women from the Tennessee mountains excelled the scientists in man-
ning the tank controls.

By the end of the month, about 200 grams of material enriched to
about 12-per-cent uranium 235 had been produced in Alpha 2. A portion of
this product was shipped early in March to Los Alamos for fast-neutron ex-
periments. The remainder would be used as feed for the first Beta race-
track.”®

NEW LOOK AT Y-12

Lawrence’s burst of optimism in early February, 1944, proved to be a mo-
mentary flicker in an otherwise darkening sky. The appalling rate of minor
equipment failures experienced in Alpha declined slowly as additional tracks
were completed. The rebuilt Alpha 1 track was not ready until March, and all
four of the original Alpha tracks (Alpha I) were not in operation until well
into April, almost four months behind schedule. Even then, the epidemic of
breakdowns kept production far below what Lawrence had anticipated. Con-
tributing to this general discouragement was the failure of the calutrons in
the Beta building, first operated on March 11, 1944. A few attempts to achieve
a good beam led to the unhappy conclusion that the Beta source would have
to be completely redesigned.

The darkest shadow, however, was cast by the barrier crisis in the
K-25 project. The abandonment of the Norris-Adler barrier after a year of
all-out research had a deep psychological effect which spread far beyond the
limits of the Columbia campus. Some, like Urey, were ready to discount the
gaseous-diffusion process altogether. Even hardheaded people like General
Groves were forced to scale down their expectations drastically. In August,
1943, Groves had anticipated that K-25 would produce material enriched to
something less than 50-per-cent uranium 235. The following January, Op-
penheimer called to his attention the fact that uranium of this enrichment
would be of no value for weapons. Perhaps Carbide could accelerate K-25
production by enriching the material to just a few per-cent uranium 235 as
feed for Y-12. Groves already had that idea in mind, and he was prepared to
adopt it if necessary. Some weeks later, in the midst of the barrier crisis, he
told the Y-12 contractors at an Oak Ridge meeting that if K-25 produced at
all, the product might not be enriched more than a few per cent. Taken to-
gether, the outlook for Y-12 and K-25 scarcely seemed to indicate the possi-
bility of producing enough material for a bomb in 1944, or even in early
1945. But adversity had not changed the paramount aim of the S-1 project.
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Regardless of the odds, Groves had to take whatever action would produce
the bomb in the shortest possible time.”

One course was to use any combination of isotope-separation processes
which would result in the earliest production of uranium 235. It was this
avenue which Groves chose to follow in 1944. This decision had profound
implications for Y-12. If, according to the latest estimates, the product from
K-25 were only slightly enriched, it would have to be fed to the Alpha rather
than the Beta plants. In the original Alpha plant the use of enriched feed was
difficult enough. The receivers would have to be replaced with new models
containing pockets for both beams, but the research already done for Al-
pha IT and Beta made this a fairly simple adjustment. Greater care would
also be required in washing the liners and recovering the now valuable
charge material in the chemical processing building. In Alpha II, however,
the changes took on major proportions. Since Alpha tracks 6 to 9 were de-
signed to operate on natural uranium with hot sources, the tanks would con-
tain no liners, and washing facilities would be provided only for source and
receiver parts. Now the tanks and doors would have to be redesigned to ac-
commodate liners, and the washing areas in the Alpha II buildings would
have to be more than doubled. In the new Alpha chemistry buildings, better
recovery methods would be necessary and some of the equipment would re-
quire redesign to eliminate the possibility of accumulating a critical mass with
the enriched material. For this reason, Tennessee Eastman and the Ra-
diation Laboratory began an intensive campaign in the spring of 1944 to re-
design calutron components and to enlarge and improve chemical processing
facilities.®

The second course of action was to place increased reliance on the
electromagnetic process. The successful operation of the first three Alpha
tracks and experiments with the first Beta calutrons convinced Lawrence that
Y-12 would soon be producing uranium 235 in quantity. The only question in
his mind was whether the plant would be large enough. Before the end of
March, Lawrence began agitating for a second Y-12 expansion, which would
add four new Alpha tracks to the nine already under construction. Oppen-
heimer, who had seen the Berkeley calutrons the previous October and had
only a fragmentary knowledge of K-25, agreed with Lawrence. Groves, too,
looked upon Y-12 as the best chance for success, but he was not sure that ad-
ditional racetracks could be built in time to be effective during the war. The
General was also concerned about balancing Alpha and Beta requirements.
He was therefore inclined to postpone a decision until these details were
clarified, but he was ready to be convinced.

Consequently Groves, Oppenheimer, and Lawrence all went to the
meeting of the Military Policy Committee in Chicago on March 30, 1944,
fully expecting the expansion of Y-12 to be the issue of the day. For some
strange reason, however, expansion was never mentioned specifically, as the
discussion centered around the problems of using the gaseous-diffusion
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product in Y-12. Apparently, each assumed that silence on the part of the
others indicated a loss of enthusiasm for the expansion. The truth of the
matter burst upon Lawrence six weeks later in Oak Ridge when he received a
letter from his old friend Oliphant. The Australian scientist reported a rumor
that both Oppenheimer and Groves had gone to the meeting prepared to back
Lawrence on the expansion and were disappointed that Lawrence had opposed
it. Oliphant expressed the opinion that Groves was uneasy about the decision,
but he had also heard that plutonium had now been found so superior for
weapons that uranium 235 would be abandoned once the piles were completed
at a new site on the Columbia River in Washington. Lawrence immediately
telegraphed Oppenheimer for his understanding of the events. He assured his
former colleague that he continued to support the Y-12 expansion and had
failed to raise the issue on March 30 only because he understood that a deci-
sion against expansion had already been reached.

Oppenheimer’s reply spurred Lawrence to action. There was no
truth to the rumor that uranium 235 would be abandoned. Furthermore, Op-
penheimer admitted, he had come to the meeting prepared to support the
Y-12 expansion and had reluctantly dropped the idea only after hearing Law-
rence’s comments on the difficulties involved. Lawrence now saw the situation
clearly.®! On May 31, 1944, he wrote Conant: “The primary fact now is that
the element of gamble in the over-all picture no longer exists. The electro-
magnetic plant is in successful operation and the experimental developments
at Y [Los Alamos] leave no doubt that the production can be used as an
overwhelmingly powerful explosive. It is only a question of time and in-
deed it is the time schedule that indicates need of at least two more alpha
two buildings.” %

Lawrence grew even more concerned the following week. He stayed on
in Oak Ridge to keep his finger on operating problems with the fifth Alpha
track. In addition to the usual shortage of equipment and spare parts, there
were frequent power failures, and operating procedures seemed deficient. He
also learned that his was not the only project in trouble in Tennessee. From
Felbeck and Bliss of Union Carbide he obtained a depressing picture of K-25
barrier. Their words led Lawrence to doubt that K-25 would be useful in
1945, In fact, he wondered whether the plant would even be operative during
the next year. Since the outlook for plutonium seemed no more certain, Law-
rence looked to Y-12 as the only hope for the bomb in 1945. To him, the
minimum was to convert the original Alpha plant to four-beam sources, Al-
pha II to eight-beam sources, and to build two more Alpha racetracks. These
views the California physicist pressed on Conant and Groves with, he be-
lieved, some effect. Meanwhile, Oliphant was bombarding the Army from
California. He wrote Colonel Nichols that he could no longer assume that
K-25 would have any significance in 1945. British experiments with gaseous
diffusion had demonstrated that. The only hope was to adopt Lawrence’s ex-
pansion plan at once.”
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On June 16, 1944, Lawrence was back in Berkeley, where he could ex-
amine in detail the various proposals for Y-12 expansion. He concluded that
he could do nothing with the original Alpha plant to increase production be-
fore July, 1945. He might better put all laboratory and engineering talent on
developing improved equipment for the new Alpha tracks and for a tenth
track not yet authorized. These recommendations he telegraphed to Groves
for his use in a major policy meeting at Oak Ridge on June 30. There, with
the senior executives from Stone & Webster and General Electric, Groves
quickly got down to facts. Any thought of converting Alpha I was dropped at
once. As for Alpha II, the plan seemed ambitious enough. The Radiation
Laboratory would attempt to develop a completely new type of calutron
consisting of a cold source producing thirty beams simultaneously. The
beams would move through a two-foot radius to the receivers, where the en-
riched segments would be caught by individual pockets and the depleted
segments by a common electrode. Groves’s only concern was whether it
would be possible to complete the conversion in time to increase production
before the middle of 1945. He gave the contractors four days to find an
answer.

The group reassembled on the Fourth of July. The contractors were
ready to go to work. The Radiation Laboratory would begin research at
once on the thirty-beam unit. Westinghouse would shift all its development
personnel from the four-beam to the thirty-beam equipment. General Electric
would assign five physicists and two engineers to the Berkeley laboratory
and would start design at once on electrical power equipment. No one men-
tioned additional tracks. General Groves accepted the proposal. With time
running out, there was nothing else to do.%*

In July, 1944, the production of enough uranium 235 for an atomic
weapon looked far off indeed. Four Alpha tracks were in operation but they
were producing only a fraction of the material expected. Minor operating
difficulties continued to plague the fifth track, and the first attempts to oper-
ate the new Alpha II tracks had met with an unprecedented rash of insulator
failures.”® There was little hope now that Y-12 alone could produce enough
fissionable material for a bomb by the middle of 1945.

Even more discouraging were the somber reports from K-25. Origi-
nally expected to carry the brunt of the uranium 235 requirements, K-25 had
been cut back to a feeder process for Y-12 in the summer of 1943. The next
spring there was still a chance that K-25 could supply slightly enriched feed.
Now that hope seemed to be fading fast. Obviously, if Groves had any cards
left in his hand, he would have to play them quickly.
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THE LAST CARD

As early as 1942, the Military Policy Committee had thought exclusively of
an isotope-separation process which could produce fully enriched uranium
235. By the summer of 1943, however, the committee had come to realize that
it would probably be necessary to use a combination of processes to reach
the goal. This seemed even more likely as the prospects for K-25 and Y-12
worsened in the spring of 1944. Perhaps one of the processes discarded
earlier as impractical could be used as a stopgap to produce enough slightly
enriched material to supply Y-12 until K-25 could be completed. It was just
this kind of suggestion which Oppenheimer dropped in Groves’s lap late in
April, 1944.

Sometime during the winter, Oppenheimer had received from Conant
two reports of Philip Abelson’s work at the Naval Research Laboratory on
liquid thermal diffusion. The reports interested Oppenheimer, but they con-
vinced him that it would be almost impossible to produce fully enriched
uranium 235 by this method. During the spring, Captain William S. Parsons,
a division leader at Los Alamos, visited the Philadelphia Navy Yard. There
Parsons discovered that Abelson was building a small thermal-diffusion plant
to produce uranium 235 for the Navy. Abelson told Parsons he expected the
plant to be producing five grams of material enriched to 5-per-cent uranium
235 per day about July 1, 1944. Parsons also reported to Oppenheimer that
there was enough steam capacity at the Navy Yard to operate a plant three
times as large as Abelson’s. Now Oppenheimer was really interested. He saw
that if the 100 columns in the plant were operated in parallel rather than in
series, the plant theoretically would produce daily twelve kilograms of ma-
terial enriched to about 1.per-cent uranium 235. Perhaps the Philadelphia
plant would serve as the last card in Groves’s hand.*

The thermal-diffusion project was an old and not altogether pleasant
story to Bush, Conant, and Groves. Dating back to 1940, Abelson’s research
was among the first directed specifically to the separation of uranium iso-
topes. The process sounded simple. Abelson’s idea was to introduce uranium
hexafluoride under pressure in liquid form into the small annular spacing
between two concentric vertical pipes. If the outer wall was cooled by a
circulating water jacket and the inner heated by high-pressure steam, the
lighter isotope would tend to concentrate near the hot wall and the heavier
near the cold. Then the ordinary process of convection would in time carry
the lighter to the top of the column. The taller the column, the greater would
be the separation effected.

This consideration influenced Abelson’s decision to transfer his re-
search in the summer of 1941 from the National Bureau of Standards in
Washington to the Naval Research Laboratory in Anacostia. The small supply
of steam at the Bureau laboratories limited his experiments to columns twelve
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feet high. In Anacostia, he had a new twenty-horsepower, gas-fired boiler
which could supply sufficient steam for a thirty-six-foot column. Procure-
ment problems delayed operation of the first column until November, 1941.
The column was ruined in an early experiment, and positive results from
operation of the second were not obtained until February, 1942.%

By that time, Abelson had lost all contact with the S-1 Section of
OSRD. In 1941, Bush and Conant had received rather general reports on
Abelson’s work from Ross Gunn, who was a technical adviser at the Navy
laboratory. But with no positive results, Gunn could hardly impress the S-1
Section. Then, when Abelson’s data were ready, Gunn was no longer in
effective liaison with the S-1 organization. Furthermore, after the March 17
report to the President, Bush and Conant took the first steps to bring in the
Army. At that time, Roosevelt had made it clear to Bush that the Navy was to
be excluded from S-1 affairs.

S-1 contact with the thermal-diffusion project, therefore, lapsed until
late July, 1942, when Urey mentioned Abelson’s experiments to Conant.
Nier, who was at that time analyzing isotopic samples for both Urey and
Abelson, reported that Abelson’s columns had succeeded in increasing the
uranium 235 content of hexafluoride by 10 per cent. Conant was concerned
about the Navy’s independent ways, but Bush was more relaxed. The Navy’s
insistence on pursuing isotope separation independent of S-1 might be irregu-
lar, but it had done no harm. At Bush’s request, Briggs called Gunn at the
Naval Research Laboratory for news about Abelson’s research. Briggs re-
ported early in September that Abelson had completed many experiments
with six different thirty-six-foot columns and was convinced that the process
was practical. He estimated that seven such columns in series would double
the enrichment of uranium 235 in the hexafluoride. The disadvantage was
that the time required to increase the enrichment even as high as 50 per cent
would be impractically long. This report was not one to inspire action in
Bush and Conant, who were aware of recent progress in the electromagnetic
and pile projects.®

Groves first learned about thermal diffusion on September 21, 1942,
when he and Nichols visited the Anacostia laboratory. Gunn was quite willing
to give the Army officers any information they desired; but Groves, remem-
bering Bush’s explanation of the President’s order to exclude the Navy from
S-1, said nothing about the recent expansion of the S-1 project under his
direction. In his own mind, he discounted the Navy project because it lacked
a sense of urgency.

There was no further contact with the Navy until December 10. The
day before, while the S-1 Executive Committee was discussing the Lewis re-
port, Briggs suggested that to complete their assignment, the Lewis group
should visit the Naval Research Laboratory. Accordingly, Groves and Lewis
presented themselves with the three du Pont members at Gunn’s Anacostia
office. They learned that Abelson now had two forty-eight-foot columns
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operating in series. In processing about two kilograms of hexafluoride per
day, the columns achieved a small but significant separation of the uranium
isotopés.

The S-1 Executive Committee was impressed by this report and con-
veyed the information to Bush. Bound by the President’s directive not to
bring the Navy into the S-1 program, Bush elected to suggest to Admiral
Purnell, the Navy member of the Military Policy Committee, that the Naval
Research Laboratory be given all the support necessary for Abelson’s experi-
ments. Bush himself visited Anacostia on January 14, 1943, explained the
Presidential directive, and assured Gunn of the action he had taken through
Admiral Purnell. Gunn was not so easily satisfied. The Navy was interested in
nuclear power for submarine propulsion. Abelson had a practical method of
producing uranium 235; all he needed was data on nuclear constants, which,
Gunn understood, were being produced by a large group under Arthur
Compton at Chicago. Bush must have been relieved to know that the mo-
mentous events at Stagg Field the previous December 2 had not yet seeped
through to Anacostia.®

Under the circumstances, Bush could not honor Gunn’s request for
information, but he did act to obtain more support. Gunn had told him of
very recent results which were much more encouraging than any before.
Bush would discuss the organizational problem with the Military Policy
Committee the next week. Meanwhile, Conant had received from Purnell
copies of Abelson’s latest reports. He had referred them at once to the S-1
Executive Committee, which had requested Briggs, Murphree, and Urey to
review them. With the help of Karl Cohen and W. I. Thompson of the
Standard Oil Development Company, they inspected the experimental col-
umns at Anacostia the following week. They found that since September
Abelson had obtained much higher separation by increasing the difference in
temperature between the two walls of the column. They were impressed by
the simplicity of the plant which had no moving parts and no valves in the
hexafluoride system. The process liquid moved by natural convection. The
temperature and pressure conditions of the hexafluoride made it possible to
stop its flow simply by “freezing” the supply pipe with a handful of dry ice.
A rough calculation showed that to construct a plant producing one kilogram
of fully enriched uranium 235 per day would require eighteen months and
$75 million. Unfortunately, there were some big items on the debit side. The
time required for such a plant to reach equilibrium was estimated at 600
days. This meant that, if work were started at once, the plant would not be in
full production until early 1946. Briggs, Murphree, and Urey were disturbed
by the fact that no product had yet been withdrawn from the columns, all
production estimates being the result of measuring the difference in con-
centration between the top and bottom of the column and completing the
necessary calculations. Thus, they could recommend only that the work be
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accelerated by having a large industrial organization prepare preliminary
design studies for a production plant.”

A year earlier, this recommendation would have given Abelson the
kind of priority which the gaseous-diffusion and cenirifuge projects had en-
joyed. But in January, 1943, it was hard to imagine a more equivocal sug-
gestion. Murphree himself realized this almost as soon as he had submitted
the report. Two days later, he wrote Briggs that the equilibrium time, con-
struction period, and cost would be very much less if the plant were designed
to produce 10-per-cent rather than fully enriched uranium 235. On second
thought, he believed that the thermal-diffusion process had been as well
demonstrated as gaseous diffusion. Why not consider it as a substitute for
K-25 for the lower stages of enrichment? Briggs, as chairman of the sub-
committee, sent off such a recommendation to Conant on January 30. Within
forty-eight hours, Groves dispatched all the relevant documents to Warren K.
Lewis and his committee of du Pont executives.

Within a week, Crawford Greenewalt had the committee’s reply in the
mail. There was no question that experimental work at the Naval Research
Laboratory should be expanded, but the committee did not agree that the
process could be considered as a substitute for gaseous diffusion. In contrast

to gaseous diffusion, the theory of thermal diffusion was not sufficiently well -

known to permit the extrapolation of Abelson’s data over the whole range of
concentration to fully enriched uranium 235. The long equilibrium time and
the extraordinary steam requirements were disadvantages. The committee
would recommend nothing beyond more research and preliminary engineer-
ing studies. This recommendation was confirmed by the S-1 Executive Com-
mittee on February 10. Before the end of the month, Groves sent Purnell a
description of the experiments to be completed before plant design could be
started. In the future, Briggs would be the S-1 contact with Anacostia.™
A complete break with the Naval Research Laboratory came late in
the summer of 1943. At Conant’s request, Lewis, Briggs, Murphree, and Urey
reviewed Abelson’s work again just before Labor Day. The following
Wednesday, they submitted a report which did not differ much from that
prepared by Greenewalt in February. After discussing the report with the
S-1 Executive Committee, Conant sent the bad news to Purnell in a firm but
polite letter. He would consider it most unfortunate if the Navy drew away
from the Manhattan project any of the scientists now engaged in S-1 work.
No additional supplies of uranium hexafluoride would be given to the Navy
for its experiments, but the Navy was requested to exchange any material
enriched at Anacostia for hexafluoride of normal concentration. When Groves
refused a Navy request for additional amounts in October, the Navy was
constrained to remind him that Abelson had developed the original process
for producing hexafluoride, which the Navy had given to the S-1 project.
Only then did the Army reluctantly agree to fill the order. On this sour note,
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all exchange of information between the two projects ended. Not until
Groves received Oppenheimer’s suggestion the following April did thermal
diffusion again become a factor in the race for the bomb.™

Although isolated from S-1, Abelson could continue his work on
thermal diffusion now that he was assured adequate supplies of hexafluoride.
He knew that the best way to reduce the equilibrium time was to increase the
temperature difference between the cold and hot walls. Any such temperature
increase in the forty-eight-foot columns, however, would require large
amounts of high-pressure steam. A survey of naval installations revealed that
sufficient steam capacity was available at the Naval Boiler and Turbine
Laboratory at the Philadelphia Navy Yard. In November, 1943, Abelson got
Navy authorization to build a three-hundred-column plant in Philadelphia.
Construction started in January, 1944, on a hundred-column plant which
would be operated as a seven-stage cascade before the larger plant was built.
It was this plant which Oppenheimer reported would be completed in
July, 1944.

Oppenheimer’s letter could not have reached Groves at a more propi-
tious time. Early in May, the General obtained the permission of the Military
Policy Committee to re-establish contact with the Navy. A review committee
consisting of Lewis, Murphree, and Tolman visited the Philadelphia plant on
June 1. They found Oppenheimer’s report to be essentially correct, although
they considered his estimate of production with the columns in parallel to be
somewhat optimistic. It would be possible, as Oppenheimer had suggested, to
add 200 tubes to the Philadelphia plant, and the Navy believed that this
could be done in two months. Immediate construction of the additional
columns, however, would interfere with experiments on the hundred-tube
unit. Without further improvements, the Philadelphia plant would consume
large amounts of uranium and probably would not produce a significant
portion of the feed requirements for the electromagnetic plant.”

In the light of these considerations, Groves and his advisers could
quickly conclude that a full-scale thermal-diffusion plant might be the best
answer. On June 12, 1944, Murphree put Cohen and Thompson to work on
estimating the cost and construction time for a plant to produce fifty kilo-
grams of slightly enriched hexafluoride per day. Groves reported to the
Military Policy Committee nine days later that such a plant could be built at
reasonable cost and be in operation well before January 1, 1945. Furthermore,
there seemed to be an ideal source of steam. The thermal-diffusion plant
could be built at Oak Ridge next to the K-25 powerhouse, which would be
completed within a few weeks. Groves intended to operate the thermal-
diffusion plant only until K-25 could be finished. At that time the steam
could be turned back into the turbines to produce electrical power for the
gaseous-diffusion plant. Six days later, Groves signed a letter contract with
the H. K. Ferguson Company of Cleveland to build next to the K-25 power-
house a plant containing twenty-one exact copies of the one-hundred-column
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plant in Philadelphia. The entire plant was to be in operation within ninety
days. In his usual style, Groves wrote to Colonel Mark C. Fox, his representa-
tive on the project: “After considering the various factors involved, I feel
that my statement to you as to the schedule of completion of the work under
your charge is reasonable. . . . I think you can beat it.” ™

The thermal-diffusion plant was the last card in Groves’s hand. If
some combination of Y-12, K-25, and the thermal-diffusion plant did not
produce sufficient uranium 235 for a weapon, all hopes would rest on the
plutonium project.

173



CHAPTER 6

RACE FOR THE BOMB:
PLUTONIUM

In their classic experiment on December 2, 1942, Fermi and his associates
demonstrated the possibility of a self-sustaining nuclear chain reaction. They
had erected an impressive landmark in the history of science, but they
had not devised a practical method of producing plutonium. To accumu-
late enough for a weapon, Fermi would have had to operate his Stagg Field
pile for thousands of years. That assembly yielded a few watts of power; a
production pile would have to generate hundreds of millions of watts. Such a
device would require an elaborate cooling system, an array of sensitive and
positive controls, and some means of containing the unprecedented amounts
of radioactivity produced in the chain reaction. All the radium sources in the
world could not generate more than a small fraction of the radiation emitted
by one nuclear pile. Fermi’s exponential piles had neither cooling systems,
control rods, nor radiation shields. No one ever considered them the fore-
runners of a production apparatus.

The plutonium-producing pile, then, did not stem directly from the
Fermi experiments but from related research at the Metallurgical Laboratory
that had begun in the spring of 1942.

SEARCH FOR A4 PILE DESIGN

When the scientists began to assemble on the Chicago campus in the spring of
1942, Arthur Compton established an engineering council to guide the labo-
ratory’s study of a production pile. Thomas V. Moore led the group as the
laboratory’s chief engineer. Schooled by many years in the petroleum indus-
try, he had been among Compton’s first recruits and had participated in the
initial selection of the Tennessee site for the production plants. Accompany-
ing Moore was Miles C. Leverett, a thirty-two-year-old chemist with ten years
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of industrial experience. An even younger member was John A. Wheeler, the
Princeton physicist who earlier had caught the eye of Niels Bohr and had
helped him develop the basic interpretation of the fission process. Allison and
Fermi brought to the group not only decades of research experience but an
intimate knowledge of the exponential pile. Norman Hilberry, Richard L.
Doan, Glenn T. Seaborg, and Frank H. Spedding contributed their respective
talents for administration, chemistry, and metallurgy.

The council faced a tough assignment. In effect, Compton was asking
the members to conceive the design of a production plant based on a prin-
ciple not yet demonstrated in the laboratory. They knew nothing of the
conditions that would exist within the chain-reacting pile. What effects would
heat and radiation have on the fission process and the pile itself? How could
the engineers sketch the roughest outlines of the cooling and control systems
until they had determined the arrangement of graphite and uranium within
the pile? And how could they establish the internal configuration until they
knew what pattern would produce the optimum value of the reproduction
factor k? The scientists’ frequent reference to k led Fermi quickly to see the
big stumbling block in pile design. In building exponential piles, the physi-
cists were necessarily preoccupied with maximizing k. In designing produc-
tion piles, they had to give their attention to practical engineering features,
all of which would tend to reduce the value of %. By their very nature, con-
trols would reduce the efficiency of the reaction, and even the best cooling
system would have a similar effect. Until the designers could precisely meas-
ure k for a given pile, they could not determine how much reactivity might be
sacrificed in the interests of a practical design.

It was only logical that the Engineering Council should first consider
how to arrange the uranium and graphite. This it did on June 18, 19422
Since the fissionable material and graphite were not to be a homogeneous
mixture, Fermi had devised for his exponential experiments a three-
dimensional lattice, in which cylinders of uranium metal were uniformly
spaced throughout a solid graphite block. For a production pile, however,
the lattice arrangement had disadvantages. It would be almost impossible to
remove the irradiated uranium cylinders without dismantling the pile. It
would be equally difficult to concentrate the cooling system at each of the
cylinders. ,

Simply from logic again, there seemed to be three solutions. The first
was to find some ingenious way of preserving the lattice arrangement while
overcoming the engineering handicaps. Walter H. Zinn thought it might be
possible to devise continuous chains of uranium in graphite cartridges. As the
chains moved through the graphite block, the cartridges would assume the
optimum lattice arrangement. If the chains moved at about three feet per
second, Zinn estimated it would be possible to cool the cartridges outside the
pile. Wheeler suggested stationary alternate layers with intervening uranium-
bearing layers connected to a common horizontal shaft which would draw
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them out of the pile for external cooling. Both these suggestions seemed
utterly impractical to the engineers, but they indicated the physicists’ great
reluctance to abandon the lattice arrangement. In fact, until k£ could be
measured precisely, there could be no assurance that anything less than the
optimum arrangement would maintain the chain reaction.

A second solution was to maintain the optimum Ilattice, introduce
some sort of internal cooling, and run the pile until nuclear poisons formed
by the fission reaction stopped the process. Then the pile would be destroyed,
the irradiated cylinders removed, and a new pile constructed. Moore ques-
tioned the feasibility of demolishing the pile after each loading. On the
technical side, Spedding thought disposition of the highly radioactive
graphite from the pile a touchy procedure. Fermi wondered how to keep
fission products out of the graphite. Wheeler noted that the operation might
not be economical unless the pile would run for a long period before fission
products stopped the reaction. Another obvious disadvantage of the one-run
pile was that no samples or test quantities of plutonium could be removed
during the run. On the whole, the council did not find this approach prom-
ising.

The third possibility was to abandon the optimum lattice in favor of a
more practical design. A perfectly obvious modification was to use rods of
uranium extending through the graphite block. With adequate shielding, it
seemed feasible to push the rods through the pile and concentrate the cooling
system in straight channels or pipes adjacent to the rods. A hopeful augury
was Wheeler’s estimate that the use of rods would reduce % less than 0.5 per
cent.’

On June 25, 1942, the Engineering Council discussed cooling sys-
tems.* Conceivably the members might restrict the first experimental piles to
power levels which would not require internal cooling, but they would need
such a system in any pile producing significant quantities of plutonium. As
always, the first thought was to minimize the losses in k. This meant con-
sidering not only the configuration of the cooling system but the nuclear
properties of the coolant and the pipes or channels containing it. Scarcely less
critical were the thermal and physical properties of coolant materials and
their effect on the cost of pumps and other components. Gases, for example,
had relatively poor thermal properties. To remove large quantities of heat
would require large volumes. This would mean high pressures, which in turn
would complicate design of the pile and increase pumping costs. Unless con-
fined by pipes within the pile, the gas would diffuse through the graphite and
pick up radioactive fission products, thus creating a radiation hazard. On the
other hand, several common gases had excellent nuclear properties. Helium
and hydrogen absorbed few neutrons, and air not enough to prohibit its use.
Hydrogen had the disadvantage of reacting chemically with both uranium
and graphite. Helium, although expensive and scarce, seemed to be the best
choice.
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Liquids in general had better thermal properties than gases, but the
Engineering Council was impressed by their drawbacks. To use liquids, the
engineers would have to insert pipes in the pile and accept a loss in k. With a
liquid coolant, an internal leak might well destroy the pile or even cause a
violent explosion as the coolant vaporized within the hot graphite. Further-
more, the difficulty of transferring heat from the uranium metal to the
coolant might more than offset the superior thermal properties of liquids.
An added disadvantage was the limited choice among liquids. Water, the
classical material for heat-transfer systems, did not have especially good
nuclear properties and corroded uranium rapidly. Some organics such as
diphenyl had good nuclear properties, but there was little experience to sup-
port their use in a high-power cooling system. Theoretically more promising
and technically more remote were metals like bismuth, which had a low
melting point and excellent nuclear properties.

Balancing all these factors, the Engineering Council concluded that
helium cooling had the edge, at least for the moment. It could hope that
liquid cooling would be possible in a large production pile. But until the
chain reaction had been achieved and % determined, it would be wiser to
concentrate on the helium-cooled pile. Compton, after consulting his col-
leagues, had already concluded that a logical first step would be to build a
100,000-kilowatt pile. The council agreed that it should be cooled with
helium.

Thus during the summer of 1942, Moore and his engineers concen-
trated on a helium-cooled pile. With Stone & Webster, the contractor
selected for construction of the pilot plant in the Argonne Forest Preserve,
Moore developed plans for the huge vacuum-tight shell which would sur-
round the pile. Leverett pondered the internal design. He conceived of a
large block of graphite pierced with vertical channels about five inches in
diameter on an eleven-inch square paitern. In these channels he would stack
graphite cartridges, each consisting of thin vertical grills or plates of
uranium, through which the helium would flow. The uranium plates would
be spaced at proper intervals within the vertical columns to maintain an
eleven-inch cubical lattice. By maintaining the lattice arrangement and using
helium as the coolant, Leverett was optimizing the nuclear if not the engi-
neering properties of the pile. Consciously cautious in this first try, he was
willing to sacrifice engineering efficiency in order to assure achieving a chain
reaction.

Completion of the Moore-Leverett design actually rested upon the
solution of relatively conventional engineering problems.’ The uranium-
graphite cartridges would not be easy to fabricate, and here the engineering
team sought outside help. Spedding at Iowa State College devised a method
of casting the thin uranium wafers in graphite molds. Edward C. Creutz, a
physicist who had specialized in uranium metallurgy at Princeton before
coming to Chicago, demonstrated the possibility of casting uranium in
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various shapes using an argon atmosphere in an electric furnace. The Na-
tional Carbon Company studied designs of the graphite units and suggested
improvements.

Meanwhile, Leverett was exploring the thermodynamics of the cooling
system. He had to know the rate of heat transfer from the uranium metal to
the helium coolant. Then he had to balance out such factors as the helium
pressure drop through the pile, the temperature increase in the helium, the
maximum uranium and graphite temperatures, and the rate of helium
flow. For this purpose he planned a small helium cooling system consisting of
tanks, pumps, heat exchangers, and full-scale models of the uranium-
graphite cartridges. By September, 1942, Leverett had obtained the necessary
components and had hired a contractor to assemble them in an unheated area
under the North Stands of Stagg Field. With autumn coming on, he hoped to
complete his experiments before freezing weather set in.

The preliminary design which Moore and Leverett submitted to
Compton on September 25 closely resembled the plan conceived in June.’
The heart of the reactor would be a twenty-foot cube of graphite weighing
460 tons. In the graphite would be 376 vertical columns, each containing
twenty-two uranium-graphite cartridges. To remove the specified 100,000
kilowatts of heat, Moore and Leverett planned to pump 400,000 pounds of
helium per hour through ducts into the bottom of the pile. The heated helium
at the top would pass through heat exchangers requiring 900 gallons of
water per minute. Until the experimental helium plant could be operated,
these figures were tentative, but the engineers estimated they would need
12,000 kilowatts of electric power to operate the helium compressors and
auxiliary equipment.

Moore and Leverett planned to surround the pile proper with several
feet of graphite to act as an internal radiation shield. The entire assembly
would be enclosed by a steel shell about twenty-eight feet in diameter and
sixty-eight feet high. Following the advice of the Chicago Bridge & Iron
Company, Moore and Leverett planned the shell as a series of spherical
segments rather than a simple cylinder in order to provide greater structural
strength. This configuration quickly inspired the nickname “Mae West pile.”
The upper section of the shell provided access to personnel loading the pile;
the center section surrounded the pile itself; the lower section contained the
dump mechanism which collected the irradiated cartridges. Actually, if the
pile were ever constructed as planned, the shape of the shell would hardly be
apparent since the entire assembly would be immersed in a huge cylindrical
concrete tank filled with water.

Despite the activities of Moore and Leverett in developing their pre-
liminary design, other scientists at the Metallurgical Laboratory were by no
means satisfied. Early in July, 1942, Szilard and Wheeler expressed their
growing concern that Compton had placed no equipment orders for the
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helium-cooled plant. Since the large helium compressors would take many
months to procure, Compton should place orders at once. So uncommitted
was Compton to the helium pile that the two physicists were constrained to
remind him of the June 25 decision, but they got little satisfaction. Ap-
parently, Compton interpreted that action as a priority for the helium-cooled
plant and not as an exclusive selection of the type for development.”

Szilard, always impatient with what he considered red tape or in-
decision, looked back in September on a summer of aimless drift. In a
scorching memorandum entitled “What Is Wrong With Us?”, he complained
that no decision on the cooling system had yet been made and that none
seemed forthcoming in the near future® This unfortunate situation he at-
tributed partly to Compton’s desire to avoid controversy and partly to
security restrictions imposed by the Army. The result was that Moore and
Leverett had attempted to develop the helium pile without any clear directive
or priority. Similarly, he said, Wheeler and Wigner had explored the possi-
bilities of a water-cooled pile, while Szilard himself had struggled to as-
semble a research team to study the bismuth-cooled pile.

Those who knew the impetuous Szilard no doubt discounted some of
his statements, but he had expressed a growing sense of frustration among
his colleagues. Its origins lay not so much in the leadership or the scientists
themselves as in the situation they faced. The design of a production pile
involved so many complex factors that there was no hope of a quick and
easy answer. In the final analysis, Fermi’s observation still hit the main
point: until the precise value of k& was known, how could the engineers get
down to the details of design?

Compton understood Fermi’s argument and did not intend to decide
prematurely. Back in June, 1942, Compton had seen the first plans for a
water-cooled pile drafted by Wigner and Gale Young. Both were experienced
physicists—Wigner, the leader of the nuclear physics group at Princeton
until the project was centralized at Chicago; Young, a former member of
Compton’s own department who had returned to the Midway for the pile
project. Impressed with their hastily prepared report, Compton asked them
to complete within two weeks as much work as they could on plans for a
100,000-kilowatt water-cooled pile. The plan they delivered to Compton
during July called for a graphite cylinder about twelve feet high and
twenty-five feet in diameter. The uranium would be cast as long pipes and
placed vertically in the graphite block. The pipes would suspend from a
water tank above the pile, pass down through vertical holes in the graphite,
and discharge into another water tank beneath the pile. The cooling water
would circulate through heat exchangers and return to the top tank. To
prevent corrosion of the uranium pipes, Wigner and Young contemplated
spraying or coating the interior surface with some material like aluminum or
beryllium which would absorb few neutrons. If this were not sufficient, they
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proposed to line the pipes with aluminum tubing. After studying the pro-
posal, Compton admitted that water cooling looked promising enough to
justify further planning.?®

Even more speculative but still too attractive to be disregarded were
Szilard’s investigations of a pile cooled by liquid metal. Several metals such
as bismuth were known to have exceptional thermal properties. Szilard
believed that a cooling system using bismuth would be so efficient that the
size of the pile could be reduced substantially. He was also intrigued by the
possibility that a bismuth pile could use the electromagnetic pump which he
had developed in a preliminary way with Albert Einstein. Since the pump
depended upon electromagnetic forces set up within the liquid metal, it would
require no moving parts and would not be subject to leaks. The disadvantage
was that such metals were distinctly exotic materials. Although their basic
properties were known, they were not commonly used in power systems.
There was enough novelty in a nuclear pile without adding the complications
of employing unusual metals at high temperatures. For Szilard, the new and
unusual held no cause for hesitation. Hoping to initiate experiments during
the summer of 1942 as a part of the work of his Technological Division,
Szilard began recruiting metallurgists and investigating sources of bismuth.
The crisis in the procurement of uranium metal forced the postponement of
most of this work. Deeply discouraged, by September, Szilard had little more
than paper studies to show for his intentions.*®

DECISION ON PILE DESIGN

In October, 1942, Conant and Groves began to push the scientists toward
decisions in all parts of the S-1 project. While Conant took the S-1 Executive
Committee on an inspection of isotope-separation projects in the East, Groves
headed for Chicago to break the deadlock in the pile program.

Certainly, decisions were overdue at the Metallurgical Laboratory.
Week after week, Compton had met with his Technical Council (as the Engi-
neering Council was now called) and listened to hours of earnest discussion
to no avail. True enough, the lack of a precise value for k beclouded the
issue. Much more confusing, however, was the disagreement over the number
and size of the steps to be taken from the exponential experiments to the
production pile. In the spring of 1942, the council had proposed two big
steps, one to a 100,000-kilowatt pilot plant and the second to the full-scale
pile. More recently, Compton had requested designs for a 10,000-kilowatt
unit. Moore and Wigner studied adaptations of their original helium- and
water-cooled piles. Fermi analyzed a lattice arrangement of uranium lumps
cast directly in the graphite blocks with occasional cooling pipes. Charles M.
Cooper, recently arrived from the du Pont Company, explored the feasibility
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of filling metal pipes in a graphite block with small uranium shot and
pumping through a helium coolant.

The scientists presented the results of their studies at a meeting of
the Technical Council on October 5, 1942. While all the schemes had points
in their favor, each had its weaknesses. In water cooling, there was the
danger of corrosion; in helium cooling, the threat of a leak and radioactive
contamination. Neither the Fermi nor Cooper schemes seemed capable of
attaining 10,000 kilowatts. Fermi was fast coming to the conclusion that the
first step should be short but sure. He suggested building a small pile
generating only a few hundred watts, which could depend upon simple
external cooling alone. Allison and Wigner were convinced that bigger steps
were necessary if the bomb were to be a factor in the war.

Quickly sensing the discord, Groves launched into the speech which
was to become his trademark. He wanted speed. A wrong decision that
brought quick results was better than no decision at all. If there were a
choice between two methods, one of which was good and the other promising,
build both. Time was more important than money, and it took time to build
plants. He wanted a decision in Compton’s hands by the end of the week.

The impasse, however, was not to be surmounted by exhortation.
After Groves left, one of the members of the council remarked that it was
well and good to emphasize the construction of buildings, but more impor-
tant was what went inside. While the discussion that afternoon did not settle
anything, it at least clarified some of the issues. Fermi, believing that im-
mediate production of plutonium samples had priority over the cooling
design, favored comstructing a small, low-power pile. Allison and Wigner
wanted to aim at once for a pile which would lead directly to large-scale
production. Wheeler interjected the note of compromise. Would it be possible
to build a simple pile of moderate size which would produce some plutonium
samples but also have a few tubes in its outer edges for testing coolant
systems?

Compromise proved the answer. As the debate dragged into the fol-
lowing week, Compton could see that one pile could not meet all require-
ments.”” Fermi needed relatively simple, low-power piles to study control
systems and develop operating procedures. At the same time Compton needed
plutonium samples and data for designing high-power, plutonium-producing
units. He believed the helium-cooled pile was certain and thus the best choice
for an experimental unit of moderate size. Water cooling was more specula-
tive, but the design held such great promise for large production that it could
not be overlooked. From these premises Compton made his decision. Fermi’s
critical pile would be completed and operated before the end of 1942. A
second pile generating a few hundred watts with no internal cooling system
would be completed in the Argonne Forest and operated continuously until
June 1, 1943, when it would be torn down for plutonium extraction. If
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necessary, the pile could be rebuilt by August 1, 1943. In the meantime,
Moore would start work on the Mae West pile, a helium-cooled plant de-
signed to produce 100 grams of plutonium per day. To be completed by
November 1, 1943, the pile would be used for experiments for one month and
then be placed in full operation to produce ten kilograms of plutonium by
March 1, 1944. Compton also directed his staff to continue their studies of
the liquid-cooled pile. For the moment, water, diphenyl, and bismuth were
all in the running. More definite plans would have to await the results of
Fermi’s exponential experiments.

CHEMICAL SEPARATION PROCESSES

Without a process for separating plutonium from irradiated uranium, the
efforts to design a production pile would be in vain. Seaborg’s chemistry
group at the Metallurgical Laboratory had taken the first steps toward such a
process in the summer of 1942. The isolation of weighable amounts of pure
plutonium compound from samples containing not more than one part in a
billion of the new element was an exiraordinary achievement in chemical
research. In many ways, however, this research bore little relationship to the
problems Groves faced in producing plutonium on an industrial scale.
Seaborg and his associates were still exploring the basic chemistry of the new
element. Their oxidation-reduction process using lanthanum-fluoride carrier
was nothing more than a laboratory demonstration. Its application on an
industrial scale was just an incidental possibility in view of the fantastic
scale-up required to obtain quantities of plutonium of significance for
weapons.

During that first summer at the Metallurgical Laboratory, the lantha-
num-fluoride process was but one of several which had possibilities for in-
dustrial application.” Isadore Perlman, Seaborg’s assistant, embarked on a
study of the peroxide method with William J. Knox, a June graduate from
the University of California. The process depended upon the fact that most
elements formed soluble peroxides in neutral or slightly acid solutions.
Plutonium, they discovered, was an exception. They could precipitate it when
they added hydrogen peroxide to a dilute uranyl nitrate solution. With these
promising clues, Perlman and Knox explored the many variables involved in
the reaction. Although they accomplished some separation in the laboratory,
they found the size of the precipitates much too large. Translated to an in-
dustrial scale, the weight of the precipitates would be more than a ton, com-
pared to a few pounds in the lanthanum-fluoride process.

A second approach was adsorption. John E. Willard from the Univer-
sity of Wisconsin found that certain materials, such as silicates and diatoma-
ceous earths, tended to adsorb plutonium more readily than other elements in
a solution. Willard had some success during the summer with small columns
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a few centimeters in diameter, but he found later that with larger columns he
could not recover more than half the plutonium in solution.

Nor did Seaborg overlook solvent-extraction methods. He gave this
assignment to two former students at California, Theodore T. Magel and
Daniel E. Koshland, Jr. The method involved the use of two immiscible
liquid solvents, one of which held plutonium and uranium in solution and the
other fission products. After a series of experiments with various solvents,
Magel found some grounds for optimism, but he saw little hope of develop-
ing the process quickly.

Somewhat more encouraging were the studies of volatility processes
by Harrison S. Brown, a twenty-five-year-old chemist from Johns Hopkins,
and his assistant, Orville F. Hill. They found that when they subjected ir-
radiated uranium to dry reactions in a stream of fluorine, the uranium
volatilized first. As temperatures increased, the plutonium followed. Brown
at the Metallurgical Laboratory and Clifford S. Garner at Berkeley studied
the best conditions for the reaction during the autumn of 1942. The process
looked feasible on a large scale if some of the novel engineering techniques
could be mastered in time.

Seaborg supplemented these process studies with a variety of basic
research projects. Burris B. Cunningham, another California colleague, and
Michael Cefola from the College of the City of New York undertook a
systematic study of the chemisiry of plutonium. To obtain samples, they
continued to perfect the lanthanum-fluoride process. Arthur C. Wahl per-
formed similar experiments at Berkeley in the chemistry group directed by
Dean Wendell M. Latimer, whose department had produced a majority of
the chemists then associated with the project. By September, 1942, both the
Chicago and Berkeley chemists had the advantage of relatively large samples
containing the long-lived plutonium 239 isotope produced in the cyclotron at
Washington University, St. Louis. Prior to that time they were forced to use
traces of what they believed to be the 238 isotope with a half-life of fifty
years.

Somewhat removed from the main siream of process development but
still critically important were the studies of fission-product and radiation
chemistry. The fission reaction would produce a host of isotopes, some of
which might conceivably bear enough chemical resemblance to plutonium to
follow it through the separation process. Berirand Goldschmidt, a French
refugee scientist, and Perlman made a brief survey of fission products in the
summer of 1942. Later, Charles D. Coryell and his group began a series of
experiments to determine the chemical and radioactive properties of these
materjals. The effects of radiation on chemical processes involved a whole
new field of research which was supervised at Chicago by Milton B. Burton
and James Franck, an eminent German scientist who had left his homeland to
teach at Chicago.™

Compton had no trouble convincing Seaborg and the chemists that
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developing an industrial process was beyond the resources of the Metal-
lurgical Laboratory. For one thing, Seaborg and most of his associates were
American born. They had been educated in the ways of the new chemistry,
which was closely allied to chemical engineering and industrial processing.
They did not share the fears of men like Fermi, Wigner, Franck, and Szilard,
who were accustomed to the more traditional, academic ways of European
science. Not only backgrounds but also the apparent size of the challenge
made a difference. In their designs the physicists were thinking of production
piles ten to twenty times the size of experimental models. The chemists knew
they would need a separation plant a billion times as large as their laboratory
apparatus.

In chemistry, the transition from research to engineering started early
and continued smoothly. Charles M. Cooper arrived in Chicago from Wil-
mington on August 3, 1942. After recruiting a small group of industrial
chemists from du Pont and elsewhere, Cooper studied the experimental evi-
dence which Seaborg’s group had collected. At the moment, Seaborg could
not rule out any of the four processes. All seemed capable of extracting
plutonium, but he was not sure that any of them could be developed in time.
Although Seaborg saw no clear-cut choice, he was impressed by the volatility
methods. They would be easy to operate at a safe distance from radioactivity
and seemed likely to achieve good separation. A drawback was the large
requirement for materials and equipment. Cooper observed that the separa-
tion would be simple were it not for radioactivity. The equipment had to be
designed to operate without maintenance behind six to eight feet of concrete.
Cooper and Seaborg concluded that, while research should continue on all
approaches, the lanthanum-fluoride method should serve as the principal
guide in developing an industrial process.’

Cooper’s decision followed du Pont practice. Without ruling out any
of the possibilities, he gave a sense of direction and purpose to his assignment
by selecting one approach for emphasis. Whatever the final decision, Cooper
would proceed as if lanthanum-fluoride were the choice. He made his selec-
tion on conservative grounds. It was not the process with the greatest theoreti-
cal advantage but the one supported by the largest body of data. Until some-
thing better appeared, he would concentrate on lanthanum fluoride.’®

By looking over the shoulders of the chemists, Cooper’s engineers
soon learned the experimental techniques. In a few weeks they were design-
ing laboratory equipment which would permit them to study the processes
on a small scale. With gram quantities of precipitates and cubic centimeters
of solutions they simulated runs with lanthanum fluoride. Before the end of
1942, Cooper was encountering trouble. The process required large amounts
of hydrogen fluoride, which quickly corroded even stainless-steel equipment.
Cooper found it difficult to maintain plutonium in its higher oxidation state
in fluoride solutions. The precipitates were also difficult to recover either by
filtration or centrifugation.”
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While the engineers were uncovering these obstacles, Seaborg was
charting alternate courses. He knew that the phosphates of many heavy
metals were insoluble in acid solutions. Was it possible that a phosphate
might prove a better carrier than lanthanum fluoride? Another California
colleague, Stanley G. Thompson, investigated this question. Thompson and
his assistants methodically plodded through tests of the heavier phosphates
-—thorium, uranium, cerium, niobium, and zirconium. For a few days,
zirconium seemed to have the properties of a good carrier, but further study
eliminated that hope too. Almost against his better judgment, Thompson
turned to bismuth phosphate. All his previous experiments indicated that
bismuth would never carry plutonium in its lower oxidation state, and his
first tests early in December seemed to confirm that prediction. On Decem-
ber 19, however, he attempted the precipitation of a relatively large amount
of bismuth as phosphate. The process was slow but virtually complete.
Thompson was surprised to find that the phosphate had carried with it more
than 98 per cent of the plutonium in solution. Additional experiments by
Cunningham and Cooper confirmed Thompson’s results. The new process
appeared to offer good insurance against failure of the lanthanum-fluoride
method.*®

Cooper was now ready to take the next step. After six months of ex-
periments he could safely reduce the choice to lanthanum fluoride and
bismuth phosphate. Since both were precipitation processes, he thought it
possible to test both with the same kinds of equipment. In January, 1943, he
began constructing a small semiworks in the New Chemistry Building, a row
of low prefabricated structures along Ingleside Avenue, a block from Stagg
Field. Designed for the lanthanum-fluoride process, the equipment would
handle gallons of solution and pounds of precipitate. If necessary later,
Cooper could convert the plant for bismuth-phosphate tests.

BEYOND THE LABORATORY

While the Chicago scientists struggled with pile design and the development
of a chemical separation process in the autumn of 1942, Groves and Compton
laid plans to expand the project beyond the confines of the university. They
needed more space and more manpower.

During the spring, Compton had proposed to complete the exponential
experiments on campus and to build a pilot plant at the Argonne site. As
plans for the pile and separation plant evolved during the summer, he
realized that such novel and potentially dangerous experiments should not
be performed in the heart of one of the nation’s population centers. In
September, the S-1 Executive Committee recommended that Fermi’s pile be
moved from Stagg Field to Argonne. They likewise suggested that Compton
abandon his plans to build the pilot plant at Argonne and use instead the
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proposed Tennessee site. Only when Groves took command and issued the
order to acquire the tract near Knoxville did Compton agree to the change.
Working closely with Stone & Webster engineers, Compton began to medify
the Argonne designs to meet the requirements in Tennessee. He gave
Martin D. Whitaker, one of Fermi’s assistants, direct responsibility for
supervising the design of research facilities at both locations.”

Groves also proved a willing ally in Compton’s campaign to bring in
a full-fledged industrial organization. Despite the bitter opposition of some
of his colleagues, Compton had supported the selection of Stone & Webster
as engineering and construction contractor. In August, he brought Cooper to
Chicago to study designs for a chemical separation plant. Groves used the
informal agreement with Cooper as an opening wedge for du Pont participa-
tion. On October 3, 1942, du Pont accepted the contract to design and build
the chemical separation plant. Groves continued to blandish the company
during the fall. The invitations to Wilmington executives to undertake the
feasibility study of the pile project and to serve on the Lewis reviewing com-
mittee had the advantage of further involving du Pont in the enterprise.

The visit of the Lewis reviewing committee to the Metallurgical
Laboratory on Thanksgiving Day, 1942, not only determined the future of S-1,
but also convinced du Pont to accept a full partnership in Groves’s organi-
zation. Through its representation on the reviewing committee, the du Pont
high command had enjoyed an unprecedented view of the entire project.
They could evaluate not only the {easibility of producing plutonium but also
the relative merits of all approaches to the bomb. Before yielding to Groves’s
relentless pressure, the du Pont leaders had the satisfaction of determining
for themselves the chances for success. They could also make sure they would
participate in a way that would allow the company to make its maximum
contribution to the war effort. The construction and operation of the pluto-
nium production plant would tax du Pont’s technical manpower resources,
but personnel shortages were expected to decline in 1943. Having passed the
employment peak in the construction of explosives plants, the company could
count on transferring large numbers of engineers and technicians to S-1
work early in 1943.

Du Pont’s broad responsibilities began formally on December 1,
1942, when Groves issued a letter of intent which was later superseded by a
cost-plus-fixed-fee contract. Although the technology was new, the contract
form was not. To set the wheels of American industry in motion for war
mobilization, Congress had sanctioned the cost-plus contract in the First War
Powers Act in December, 1941. Without a clear knowledge of future require-
ments, production costs, or wages, American manufacturers could not be
expected to guarantee prices on Government orders. On procurement items,
specifications were so often unusual that there was no basis for determining
fixed prices. On construction projects, the contractor more often than not
had to break ground for a new plant before the first sketches were off the
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drawing boards. In such instances the Government had resorted to the cost-
plus-fixed-fee (CPFF) contract. The fixed fee, in contrast to the percentage-
of-cost principle, presumably removed opportunity for the featherbedding
which had disgraced the cost-plus device in the investigations after the first
World War. With this safeguard, the CPFF contract became the principal
instrument for procuring novel or expensive items such as aircraft, heavy
ordnance equipment, and ammunition. Before the end of World War II, the
Army CPFF commitments would exceed $50 billion and amount to more
than one-third of all Army purchases.”

Groves, as an Engineer officer, and du Pont, as one of the Army’s
largest contractors, were thoroughly familiar with the CPFF form, and there
was good reason to apply it in this instance. The technology was new and
unpredictable. Groves had not established even the fundamental specifica-
tions of the plant and could not begin to estimate probable costs. Yet, without
a week’s delay, du Pont would have to start translating laboratory experi-
ments into full-scale plant designs. The S-1 project provided a perfect
example of the situation the CPFF contract was designed to meet.

There were, however, extraordinary considerations which caused du
Pont to introduce special provisions. The tremendous military potential of
the atomic weapon posed a possible threat to the company’s future public
relations. The du Pont leadership had not forgotten the “merchants of
death” label slapped on the company during the Nye Committee investiga-
tions in the thirties. Certainly it was clear that the company had not sought
the S-1 assignment; but, to keep the record straight, du Pont refused to
accept any profit. The fixed fee was limited to one dollar. Any profits ac-
cruing from allowances for administrative overhead would be returned to
the Government. Walter S. Carpenter, Jr., the du Pont president, disavowed
not only profits but also any intention of staying in the atomic bomb business
after the war. In his opinion, the production of such weapons should be
controlled exclusively by the Government. The contract provided that any
patent rights arising from the project would lie solely with the United States.
In return, the company was indemnified against any losses or liabilities it
might incur.®

Because of its size and experience, du Pont could fit the S-1 project
into its existing pattern of operation and organization. Actually, the com-
pany was organized as a confederation of individual enterprises responsible
only on the broadest policy and financial issues to the Executive and Finance
Committees. The focus of operations lay within the industrial departments.
The general manager of each department was responsible for his own budget
and for all decisions on manufacturing, research, development, and sales.
For plant construction, he called upon the Engineering Department; for
special staff services, he could rely on other auxiliary departments. But the
industrial department always remained in control. The organization was
designed so that all the complex activities of the company were oriented
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around the manufacture of products. The S-1 project was forced not only
into this organizational framework but also into conformance with this operat-
ing philosophy. In both respects, the impact of du Pont on the pile project was
to be profound.

On the organizational level, the pile project was placed within the
Explosives Department, which directed the construction and operation of the
many explosives plants assigned to du Pont by the War Department. As gen-
eral manager, E. B. Yancey had general responsibility. Roger Williams exer-
cised direct authority as assistant general manager and director of the TNX
Division, in which all S-1 activities were isolated for security and adminis-
trative reasons. Williams, a veteran chemical engineer at du Pont, had par-
ticipated in the November feasibility study and had served on the Lewis re-
viewing committee. From the company’s Ammonia Department, Williams
brought R. Monte Evans, who would direct operation of the plutonium
plant. From the Grasselli Chemicals Department, Williams welcomed Craw-
ford H. Greenewalt, the young engineer who had served as secretary of the
Lewis committee. As director of the research division in the Explosives De-
partment, Greenewalt would be responsible for liaison with the Metallurgical
Laboratory. In accordance with du Pont practice, construction activities were
managed by the Engineering Department, most of whose principal officers had
taken part in the November feasibility studies. E. G. Ackart served as chief
engineer and Granville M. Read as his assistant. Tom C. Gary was director
of the Design Division, and Thomas H. Chilton directed research. John N.
Tilley had a vital job as Ackart’s liaison officer with the Explosives Depart-
ment.?

As for operating policy, du Pont had from the first insisted upon
complete control. In the months of negotiations with Groves, the company
had refused to consider any sort of joint venture. This approach appealed
to both Groves and Compton. Du Pont’s firm hand at the helm not only as-
sured rapid progress toward the bomb but also relieved the two leaders from
the many headaches of co-ordination and administration which plagued most
joint enterprises between university research groups and industry. Groves
and Compton wanted action and they got it. Before the end of January, 1943,
Groves, Compton, and Williams made a series of decisions which completely
altered the course of the pile project.

SEARCH FOR A NEW SITE

The first step was to find a new site for the production plant. Now that Groves
had seen some of the preliminary designs, he knew that the Tennessee loca-
tion was inadequate. The X-10 area itself was not large enough and was too
close to Knoxville. The available electric power was not sufficient for the
electromagnetic, gaseous-diffusion, and plutonium plants. Early in December,
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1942, Groves made the search for a new site a top-priority assignment for
the Corps of Engineers, du Pont, and the Metallurgical Laboratory. In two
weeks he had a list of areas scattered from the Great Lakes to the West Coast.

Compton and the scientists established the criteria. They assumed that
the plant would require three or four helium-cooled piles and two separation
plants. Compton saw little need to isolate each pile as a precaution against an
operating accident, but he suggested that the piles might be spaced at least
one mile apart to reduce the danger of sabotage. The greatest hazard ap-
peared to be the accidental release of radioactive materials from the separa-
tion plants. To provide an exclusion area, the scientists prescribed a four-mile
safety distance around each separation plant. They likewise determined that
the nearest town, railroad, or highway should be ten miles distant, and the
laboratories at least eight miles away. Around this exclusion area of roughly
225 square miles, they recommended a six-mile strip in which residential oc-
cupancy would be prohibited.

Although a number of sites could meet these space criteria, only a
very few of these could satisfy the requirements for a large dependable sup-
ply of pure, cool water and 100,000 kilowatts of electric power. The Corps of
Engineers at once thought of the large river systems like the Columbia and
the Colorado. Both provided large amounts of water and hydroelectric power
and had the added advantage of being independent of coal or fuel-oil sup-
plies. Both traversed great desert areas which would provide the necessary
isolation. Both were far enough inland to be safe from coastal air attack. The
corps ordered its district engineers in these areas to collect data on possible
sites.”

On December 16, 1942, Colonel Franklin T. Matthias, a civil engineer
serving as a reserve officer on Groves’s staff, set out for the West Coast with
two engineers from the du Pont construction division. They inspected two
locations around Mansfield, Washington, near Grand Coulee Dam. Moving
south along the Columbia, they stopped at the broad, flat valley in the big
bend of the river at Hanford. Then they traveled south to a site on the Des-
chutes River in Oregon and two locations on the Colorado in southern Cali-
fornia.

Among all the sites considered, Hanford appeared clearly the best.
The great Columbia, with its dams at Grand Coulee and Bonneville, more
than met the power and water requirements for the plutonium plant. The level
valley between the west bank of the river and the foothills of the Cascades
formed an uninhabited tract of the majestic dimensions required. The un-
derlying basalt formation with its overburden of shale and sandstone would
make an excellent foundation for the mammoth concrete structures and could
provide enormous quantities of gravel for roads and concrete aggregate. Al-
though the isolation of the site posed labor and transportation difficulties,
these did not seem insuperable. A branch line of a transcontinental railroad
crossed a corner of the site, and compared to other parts of the nation, the
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labor supply was relatively ample in the Pacific Northwest. During January,
1943, Matthias and his associates carefully weighed these and other factors.
By the end of the month, Groves was ready to make his decision for Han-
ford.®

NEW PLANS FOR TENNESSEE

Selection of the Hanford site disrupted the Metallurgical Laboratory’s plans
for the X-10 area near Oak Ridge. As long as the Army had intended to con-
struct the plutonium plant as part of the Clinton Engineer Works, Compton
could see some advantages in building the laboratory and pilot plant there;
but with the production plant in the Northwest, there seemed to be little rea-
son to move any part of the pile project to Tennessee. Compton’s scientists
could perform more efficiently at Argonne any research and development
studies required for Hanford. Early in December, 1942, they began to design
a small water-cooled pile to be built at Argonne. Though the pile would bear
little resemblance to a production model, they thought it would make enough
plutonium for Seaborg’s and Cooper’s experiments. Du Pont could build the
Hanford plant; the Metallurgical Laboratory would conduct its experiments
in Chicago or at Argonne.”

To Yancey and Williams, this sort of thinking was unacceptable. They
were convinced that a semiworks was necessary, and they knew that site limi-
tations at Argonne would not permit the construction and operation of a
plant on a large enough scale. No doubt just as important if not explicit was
their conviction that the independent course which the Metallurgical Labora-
tory proposed to follow could not be reconciled with du Pont’s operating
philosophy. In their view, the scientists at Chicago were no different from the
research division attached to any of the company’s industrial departments.
The research team existed only to serve the department. It neither dictated
policies on plant design and operation nor determined independently its
own research program. Thus the Metallurgical Laboratory was expected to
provide the basic scientific data for design of the production plant. If, in the
company’s opinion, that required a semiworks in Tennessee, the scientists
could not be permitted to follow an independent course at Argonne.

It was equally evident to du Pont officials that the Metallurgical Labo-
ratory was indispensable. The company had not one official or employee who
yet had a working knowledge of nuclear physics. Speaking to the Technical
Council in Chicago on December 28, 1942, Greenewalt emphasized that du
Pont was in no way taking over development of the processes. Here, he said,
the company would serve as the laboratory’s handmaiden; du Pont would do
no more than contribute specialized techniques and talents. Greenewalt as-
sured his new associates that he understood the problems of translating labo-
ratory methods into production processes. He had gambled $20 million in a
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six-year period to develop a commercial process for the production of nylon.
He was confident that a similar translation could be accomplished to produce
plutonium.?®

What Greenewalt said made sense to the Chicago scientists and they
accepted the need for a co-operative enterprise. The critical point was control,
and Greenewalt had wisely de-emphasized that issue. The scientists had worked
for months on the assumption that they would direct the activities of the en-
gineering contractor. Now they feared that control was shifting to Wilming-
ton. They did not intend to become a field station of the du Pont Explosives
Department.

Yancey and Williams faced a quandary. They could not proceed with-
out the support of the Metallurgical Laboratory; nor could they afford to re-
lax control. They could not build the Hanford plant without a semiworks of
reasonable size, and only the scientists in Chicago had the knowledge and
experience to design and operate such a plant. When Yancey and Williams
took their problem to Groves, he threw it right back at them. If they needed
a full-fledged semiworks, they would have to build it themselves with the
laboratory’s help. The du Pont officials reluctantly had to admit the General
was right. On January 4, 1943, Groves gave them a letter contract for de-
signing and constructing the semiworks. Two days later, Colonel Nichols met
with du Pont representatives in Wilmington, and they agreed that the com-
pany would construct the semiworks at the Tennessee site. Du Pont engineers
would prepare the blueprints in Wilmington and send them to Compton, who
was to approve them for the Government.”

John Wheeler, the laboratory’s ambassador in Wilmington, did not have
good news for Chicago. There was now no doubt at the Metallurgical Labo-
ratory that du Pont intended to take control. Nichols hurried to Chicago to
calm the storm. There he found even Compton objecting to the plan. Compton
insisted the Argonne site was suitable and entirely safe for the semiworks.
He did not have enough scientists to support activities in Chicago, Clinton,
and Hanford. Certainly the Army-du Pont plan would affect morale. Sensing
the cause was hopeless, Compton then suggested that he be permitted to build
at Argonne a plant perhaps one-tenth the size of the semiworks. He had not
misjudged the situation; there would be no sop for Chicago. After a full-
dress review of the issues on January 12, Compton, Groves, and Williams
agreed that du Pont would build the semiworks at Clinton.

Having been pushed this far, Compton fully expected du Pont to take
responsibility for operating the semiworks. With Groves’s support, Compton
maintained that the company, having selected the site and agreed to build the
plant, should operate it as well. Williams demurred. He would have to consult
the du Pont Executive Committee.

Back in Wilmington, Williams analyzed the situation with Yancey.
From the du Pont point of view, it was natural to expect the Metallurgical
Laboratory to operate the plant. The company built experimental plants; the
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research group operated them. Du Pont had no one technically qualified to
operate the semiworks. Why, then, was the laboratory reluctant to accept the
assignment? One reason, no doubt, was the hostility engendered among the
scientists by the semiworks decision. Du Pont had made their bed; let them
lie in it. Williams also thought that Compton was sincerely concerned about
his lack of engineering personnel. Yancey agreed that Compton might accept
if they made a definite offer to supply the necessary supervisory, technical,
clerical, and service personnel. When Compton and Nichols arrived in Wil-
mington on January 16, 1943, Williams proposed that the Metallurgical
Laboratory accept the responsibility of operating the semiworks.”

Williams’ suggestion shocked Compton. To his mind, the decision to
build the plant in Tennessee clearly removed the Metallurgical Laboratory
from the scene. The University of Chicago had been heavily involved in Gov-
ernment research projects since 1941. So rapidly had these grown that a large
portion of the university’s administrative staff under Vice-President Emery T.
Filbey spent all its time on war contracts. But Williams’ suggestion seemed
out of bounds. How could the university, an educational institution, justify
operating an industrial plant 500 miles from the campus? True, during the
war, university scientists found themselves ever more involved in applied
research, but how could operation of a plant be remotely related to the uni-
versity’s primary purpose? Furthermore, did the university have any guaran-
tee that the laboratory would be able to operate a plant it had neither de-
signed nor built?

Deeply troubled, Compton pondered the decision with Filbey and Wil-
liam B. Harrell, the university’s business manager. They shared his misgiv-
ings, but if Compton believed the university’s participation was essential to
the war effort, they would support that decision. Compton turned the argu-
ments over in his mind during the following weeks. He had to act soon, but
first he wanted Conant’s views. When he met with Conant in Washington on
the morning of March 4, 1943, Compton did not get much moral support.
Should Chicago accept the contract to operate the Clinton semiworks? Co-
nant at first evaded the question by reminding his visitors that this was to be
an Army, not an OSRD, contract. Harrell persisted. If this were an OSRD
contract, would Conant ask the university to accept it? Conant admitted he
wouldn’t. Would he have been willing to accept such a contract at Harvard?
Conant said he wouldn’t touch it with a ten-foot pole. Why?, Compton asked.
In the first place, Conant replied, the work was hazardous. This was obvious
from the fact that du Pont, already in the project, refused to accept responsi-
bility. Secondly, the university trustees would be signing a blind contract and
putting all their faith in one A. H. Compton without any knowledge of the
nature or hazards of the work. Conant admitted that the Army might put
pressure on the university to sign in wartime a contract they would not other-
wise accept, but he would not advise his friends either to accept or reject the
request.
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Compton realized that neither Conant nor anyone else could decide
for him; he could act only from his own judgment and conscience, and these
dictated that he accept the assignment. Back in Chicago, he found the support
he needed. Filbey, now certain that the university must answer the call as a
patriotic duty, took the issue to President Hutchins, and together they carried
the decision through the university board of trustees. Now Compton could go
back to work.?

FROM HELIUM TO WATER

The design studies completed at the Metallurgical Laboratory in the fall of
1942 were a real accomplishment. Though tedious and protracted, the ani-
mated October discussions had produced a definite plan for pile development
and construction. The Technical Council agreed that when Fermi completed
his critical experiments, he would construct a second pile at Argonne. With-
out an internal cooling system, the pile would be operated at a few hundred
watts to provide basic data on neutron physics and to produce small samples
of plutonium for separation experiments. Since helium cooling seemed to offer
the best hopes for achieving the chain reaction on a production scale, Comp-
ton planned to begin final design and construction of the Mae West pile in
1943. Until Fermi could complete his experiments, Compton would not know
whether £ would be sufficiently large to permit liquid cooling. In view of the
substantial engineering advantages, however, Compton ordered more study of
liquid-cooled systems.*

When the du Pont feasibility team visited the laboratory in November,
they immediately favored the helium approach. Though they doubted that the
Mae West pile would work as designed, they saw it had definite possibilities.
In examining the liquid coolants, the du Pont officials at once eliminated wa-
ter because of its corrosive effect on uranium. Diphenyl seemed to have few
advantages; bismuth was more promising but would require extensive re-
search. So advantageous were the properties of heavy water as a moderator
that it seemed clearly superior if sufficient quantities of the rare isotope could
be produced in time. Thus du Pont ranked the designs in the following order:
helium, heavy water, bismuth, and water. As Greenewalt told his Chicago
associates, du Pont would “go hammer and tongs” for a helium-cooled pile
and would urge the Army to construct four heavy-water plants in the United
States.

Fermi’s successful achievement of the chain reaction profoundly af-
fected both Compton’s and Greenewalt’s plans. Fermi found & to be much
larger than he had dared hope. To the Chicago scientists, this new information
was a decisive argument for the water-cooled pile. Wigner and Young stepped
up their work on designing an experimental unit of this type. Greenewalt,
still strongly supporting helium cooling, saw a different advantage in Fermi’s
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results. It now seemed possible to design an experimental pile using air cool-
ing. The substitution of air for helium would greatly simplify the design and
accelerate the completion of the unit. For this reason, Greenewalt felt he could
obtain plutonium samples most quickly from an air-cooled pile. Because it
would resemble the full-scale helium pile in many ways, the experimental unit
at Clinton could be expected to contribute to the design of the Hanford plant.*

Following du Pont practice, Williams organized the pile design group
at Wilmington. For technical knowledge he relied on Moore, Whitaker, and
Wheeler, who had gone to Wilmington on special assignment in November,
1942, to present the preliminary design of the helium-cooled pile to the du
Pont staff. Early in December, the triumvirate had helped Williams® team
make the decision to emphasize the helium approach. When Fermi’s measure-
ments of k& reached Wilmington, the three men served as the nucleus of the
group which designed the air-cooled pile.

In January, 1943, the design group established the general specifica-
tions of the pile. To provide enough plutonium for the chemical separation
semiworks, it decided to fix the power output at 1,000 kilowatts. The pile it-
self would consist of a huge block of graphite surrounded by several feet of
high-density concrete as a radiation shield. The graphite block would be
pierced by hundreds of horizontal diamond-shaped channels, in which rows
of cylindrical uranium slugs would form long rods. The cooling air would
circulate through the channels on all sides of the slugs. After a period of
operation, fresh slugs could be pushed into the channels from the face of the
pile and the irradiated slugs would fall from the back wall through a chute
into an underwater bucket. After weeks of underwater storage to permit the
decay of short-lived, radioactive fission products, the bucket would be trans-
ported a short distance through an underground canal to the separation plant.
A series of cells with thick concrete walls would contain chemical equipment
operated by remote control. Beyond the separation plant would be large
underground tanks for storing the highly radioactive wastes. The entire
facility, from the pile to the storage tanks, would be located on a slope to
make the best use of gravity flow. (Figure 13)

From this general plan, the design group turned in February to the
specifics. Charging and discharging slugs remained a tricky operation, even
though facilitated by the use of horizontal channels rather than the vertical
ones incorporated in earlier designs. The design group thought it necessary
to devise equipment to protect the operators from exposure to radiation when
the channels were opened to replace slugs. They would have to mount this
equipment on an elevator which would give the operators access to all parts
of the huge face of the pile. The hazards at the rear of the pile were even
greater, since the slugs would be highly radioactive as they fell from the
channels. The entire back face had to be shielded by concrete, and every
step of the discharge process tested to assure that remote operation and
maintenance would be possible over a long period.®



RACE FOR THE BOMB: PLUTONIUM / CHAPTER 6

The design group could plan many of the mechanical features at
Wilmington, but for the detailed dimensions of the pile and lattice arrange-
ment it looked to the Metallurgical Laboratory for help. The first thought
was to select a lattice which would best assure the chain reaction. It was al-
most as important, however, to consider possible economies in the use of
high-purity graphite and uranium metal, both of which were still scarce. At
the Metallurgical Laboratory on February 16, 1943, the design group selected
a plan which would emphasize operating reliability and metal economy.
Wigner, with the help of Alvin Weinberg, a Chicago physicist, calculated that
the graphite block would measure twenty-four feet on a side and weigh about
1,500 tons. The block would contain 1,248 channels on eight-inch centers. The
uranium slugs, canned in aluminum jackets, would be 1.1 inches in diameter
and 4.1 inches long. The pile was then estimated to reach criticality with
about sixty tons of uranium, or half its capacity.
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Figure 13. The air-cooled pile constructed in the X-10 area at the Clinton Engineer
Works in 1943.
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Once the design engineers had agreed on these fundamental specifica-
tions, they could begin to develop other features of the pile.” If their first
concern was to assure that the pile would operate, their second was to make
certain that they could control it. After further discussions in Chicago, they
concluded that under ordinary conditions they could control the reaction with
two boron-steel rods in the right side of the pile. To slow down the reaction,
they could insert more of the rods, and the boron would soak up the excess
neutrons. To shut down the pile entirely, they planned four additional rods
in the right side. During start-up, the rods could be withdrawn only at a
predetermined rate. A hydraulic system was designed to suspend two heavily
weighted pistons which would fall and drive the rods into the pile within five
seconds in the event of a power failure. As a second line of defense, four rods
would be suspended above vertical holes in the pile. They would drop into
the graphite block when the trip mechanism was energized. As a last resort,
two hoppers would be filled with small boron-steel balls to be released into
vertical columns in an emergency.

Design of the cooling system involved few difficulties. Air would enter
the pile through a duct in the foundation and would be pumped inside the con-
crete shield to the channels at the front face. After traversing the graphite,
the air would be conducted from the bottom of the pile, through a filter sys-
tem, and out a two-hundred-foot stack beside the building. Fans were the one
limiting factor in designing the cooling system. Since the largest commercially
available fan had a capacity of 30,000 cubic feet per minute, du Pont im-
mediately placed a special order for a 50,000-cubic-foot fan. A fan house was
designed to contain one fan of each size and a small steam-driven unit for
emergency use in the event of a power failure.

By April, 1943, the design group was approaching the last stages of
its assignment. Instrumentation was certain to be complex, not only to assure
safe operation but also to obtain the maximum amount of experimental data.
Thus the design included thermocouples and other devices to measure the
temperatures of slugs, graphite, and cooling air in various parts of the pile,
a Pitot tube to measure the flow of cooling air, and ionization chambers to
measure radiation intensities. All this information was to be channeled to a
nerve center in the control room, where the data would be monitored by
automatic recording instruments and tied into the pile control system. In
developing this complex system, the design group obtained expert advice on
both instrumentation and electronics from the Metallurgical Laboratory and
equipment manufacturers.

The pile had a secondary but vital purpose as a powerful source of
neutrons, other radiation, and fission products. For this purpose the design
group planned a baitery of test holes and chambers, mostly in the top and
left face of the pile. These included slots for indium foils to measure neutron
intensity, test holes for irradiation of sample materials, two tunnels for ex-
posing small animals to radiation, a pneumatic system for very brief irradia-
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tion of small samples, three aluminum tubes for experiments with water cool-
ing, two holes for neutron spectrometers, and two columns of graphite blocks
for exposing samples to slow neutrons.

While the du Pont group concentrated on the air-cooled design at
Wilmington, Wigner and his Chicago associates grew more enthusiastic about
water cooling. They had earlier recognized the superior heat-transfer proper-
ties of water. Now Fermi’s experiments permitted them to believe that %
might be sufficiently high to compensate for the losses of neutrons to coolant
water. They could start with the rough sketches which Wigner and Young had
hastily assembled the previous spring. Admittedly, the designs now looked a
bit unsophisticated. The idea of an overhead tank supplying cooling water to
vertical uranium pipes was simple enough at first glance, but the engineers
had been quick to indicate fundamental weaknesses in the scheme. It would
take some good engineering to design a large, flat tank to withstand the pres-
sures required, especially with the bottom pierced by hundreds of holes for
the uranium pipes. Extremely reliable seals between the tank and the pipes
would be necessary to keep the cooling water from leaking into the graphite.
Without easy access to the bottom of the tank, it would be difficult to maintain
precise control of water flow to each pipe or to replace any of the pipes while
maintaining water flow in the others. Nor was there any assurance that the
inner surface of the uranium pipes could be satisfactorily coated or lined with
aluminum to prevent corrosion.

By the end of 1942, Wigner and his associates had adopted the hori-
zontal design which du Pont had selected for the air-cooled pile. If they
placed horizontal aluminum tubes in the graphite, they could use a header
and manifold system to distribute cooling water to each of the tubes. Uranium
slugs could be sealed into aluminum cans with a small enough diameter so
that they would be surrounded by cooling water within the tube. Instrumenta-
tion and valves on the pile face would permit the operator to regulate the
water flow to each tube. Inoperative tubes could be easily sealed off.

Wigner’s proposal early in January, 1943, envisioned a cylinder of
graphite with horizontal aluminum tubes running parallel to its axis. Con-
taining 200 tons of uranium metal and 1,200 tons of graphite, the pile would
require almost 75,000 gallons of cooling water per minute to dissipate the
500,000 kilowatts of heat generated by the reaction. After examining the
losses in reactivity caused by the introduction of aluminum tubes and graph-
ite, Weinberg concluded that he had a 1-per-cent safety margin in £.%

Greenewalt received the water-cooled design on January 20, 1943. The
plan looked appealing on first glance, but he worried about the inherent in-
stabilities in the water system.*® What would happen, for example, if the water
flow in some of the tubes were reduced sufficiently to permit the temperature
to reach the boiling point? Even if this could be prevented, corrosion and
erosion of tubes and slugs still seemed critical. Greenewalt knew what such
forces could do in high-velocity, high-temperature systems. Who could tell to
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what extent radiation might accelerate the destructive effects? Nor could he
overlook the small safety margin in % and the obvious hurdles in developing
a slug-canning process.

At the same time, Greenewalt’s confidence in helium cooling had
waned. Pushing a million cubic feet of helium through the pile each minute
would require large compressors of special design. He was not certain that
the forty or fifty units needed for the Hanford plant could be manufactured
in time. Even more fundamental were the complications in designing the huge
steel shell which would confine the helium within the pile. It would take some
extraordinary welding to fabricate a vacuum-tight shell of such size and com-
plexity. Loading and unloading operations looked extremely difficult, and
Greenewalt doubted that the design would assure the proper flow of helium
through all the channels in the pile.

Considering all these factors, Greenewalt did not see any immediate
choice between helium and water cooling. First he needed answers to these
technical questions, and for that he drew upon the engineering resources of
du Pont. In the following weeks, he learned that procurement of compressors
for the helium pile would be touch and go; that the chemists were still looking
for a foolproof method of separating the irradiated uranium from the graphite
cartridges when the helium pile was unloaded; that purification of the tre-
mendous amounts of helium after circulation through the pile looked ever
more formidable. The water-cooled design was still far from perfect, but at
least Chicago was making some headway. By the middle of February, Greene-
walt was convinced that helium was not the answer. While he took the news
to the Metallurgical Laboratory, Williams shifted the du Pont forces from the
helium-cooled to the water-cooled design. After three months of study, du Pont
was ready to stake its reputation on the water-cooled pile.

NEW ROLE FOR CHICAGO

The series of technical decisions and organizational changes from October,
1942, to February, 1943, transformed the character of the plutonium project.
In the fall, it centered about Compton and his academic scientists on the
Chicago campus. Then came the du Pont contracts, the selection of the Ten-
nessee and Hanford sites, and the design decisions on the experimental and
production piles.

During this transition from laboratory research to industrial engineer-
ing, the initiative shifted from Chicago to Wilmington. By February, du Pont
was firmly in command. Whether the Chicago scientists liked it or not, the
Metallurgical Laboratory had become a vital, but distinctly subordinate affil-
iate of the du Pont organization. More than any other event, that shift in
authority engendered the undertones of discontent which pervaded the labora-
tory until the end of the war. In part, the attitude was that of the parent whose
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child had been lured away by a rich uncle just as the promising youngster
approached maturity. In part, it was the realization that the exciting quest for
the atomic weapon had moved to Oak Ridge, Hanford, and Los Alamos, leav-
ing the laboratory with little direct part in the war effort.

But most of the Chicago scientists anticipated a stimulating and re-
warding future at the Metallurgical Laboratory. Many realized that they
stood on the threshold of a new world of scientific investigation. Fermi’s
experiments marked the beginning, not the end, of the search. Most of the
Chicago scientists, still in their twenties or thirties, had themselves participated
in the 1942 experiments, had heard Fermi lecture, and had been infected by
his enthusiasm and imagination. The pile, as the source of the chain reaction,
seemed to lie closer to the heart of the new science than did the techniques of
isotope separation. Where could a young scientist find greater opportunities
to make his mark in basic research in early 1943 than at Chicago?

As a research organization, the Metallurgical Laboratory had much to
commend it. It was, first of all, an integral part of the university, not a tempo-
rary, artificial appendage. At the beginning of the mobilization period, the
Chicago administration had agreed that war research projects would be woven
as much as possible into the fabric of university organization and practice.
Although physically isolated for security reasons, the Metallurgical Labora-
tory was established on this principle. Compton as project director was also
dean of the university’s physical sciences division. Other Chicago professors
like Allison continued to function as members of the faculty. The many visi-
tors like Fermi, Wigner, and Szilard, became a part of the Chicago academic
family. They worked in university buildings; they employed the customary
research and teaching techniques of the classroom. They keenly sensed the
pressures and restrictions which the Army brought to bear, but still the
Metallurgical Laboratory retained the essential features of academic re-
search.

If the university’s first aim was to keep the scientists in the familiar
surroundings of laboratory and classroom, the second was to relieve them
of unusual administrative responsibilities imposed by the contract. Under
Filbey’s direction the university made every effort to lift this burden. Doan,
the chief administrative officer for the Metallurgical Laboratory, reported not
to Compton but to Harrell, the university’s business manager. Filbey and
Harrell negotiated the initial contract with the OSRD late in 1941. Under this
no-fee cost contract, the university was reimbursed for salaries, materials,
power, travel, insurance, and administrative overhead within certain limits.
The contract also provided that the Government would have sole power on
patent actions and the assignment of patents arising from work under the
contract. Doan’s group and the university’s adminisirative office maintained
fiscal, property, personnel, and procurement controls for the laboratory and
prepared vouchers for payment by the Government. When the project was
transferred from OSRD to War Department support in April, 1943, the
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Chicago area office of the Manhattan District under Major Arthur V. Peterson
provided additional administrative support and controls. Although more de-
tailed, the Army contracts for the operation of the Chicago and Clinton labo-
ratories contained essentially the same provisions as the OSRD instrument.
Thus, transfer from the OSRD to the Army involved more formal and detailed
procedures rather than any fundamental reorganization.*®

As project director, Compton had full responsibility for laboratory
operations. In determining policy and in allocating research facilities and
talent he could rely on the advice and support of the Laboratory Council,
which included Allison as associate director, Hilberry as assistant director,
Doan as chief administrative officer, and the directors of the four research
divisions. In external relations, however, Compton was on his own. No one
else could speak for the laboratory when General Groves swept into Chicago
with an impatient query or abrupt request. Only Compton could assure
Greenewalt that the data needed for design work in Wilmington would be
forthcoming. A scientist of extraordinary prestige, infinite patience, and
Christian forbearance, Compton succeeded in harnessing the diversified talents
and interests of his staff.

NUCLEAR PHYSICS IN ECLIPSE

Perhaps least at home in the 1943 version of the Metallurgical Laboratory
were the members of Fermi’s Nuclear Physics Division. Little more than an
informal academic organization, the division was a tenuous alliance of Fermi’s
experimental group and the theoretical physicists under Wigner.

The Fermi team moved rapidly in 1943 to exploit the Stagg Field pile.
They were impatient to begin a series of tests which would determine more
precisely the value of % and especially the effects of temperature changes
within the pile. This impatience grew when General Groves, with du Pont sup-
port, ordered moving the pile from the West Stands to the Argonne Forest.
Fermi hoped to complete his measurements of the fundamental constants in
the chain reaction by building several zero-power piles at Stagg Field, or at
least to operate the original pile until a new unit could be constructed at
Argonne. Bowing to higher authority, however, Fermi shut down the Stagg
Field pile in February so that the graphite and uranium metal could be used
at Argonne.”

The new pile, completed in March, 1943, was called CP-2 (Chicago
Pile 2). Somewhat larger than CP-1, it had essentially the same lattice ar-
rangement. Because it was surrounded by a five-foot concrete shield, Fermi
could operate it for long periods without exposing his staff to dangerous
radiation. Although the lack of an internal cooling system limited the power
level to a few kilowatts, Fermi and his associates measured the probability of
neutron capture by various materials, determined the effectiveness of control
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systems and radiation shielding, and tested the reliability of instruments.
These data, plus the operating experience, all contributed to the design of the
Hanford plant. But CP-2 would not long be in the limelight. By fall, most of
the Hanford experiments would be completed, and the modest research facili-
ties of CP-2 would soon be surpassed by the Clinton pile. Unless Compton
could obtain funds for new pile facilities at Argonne, the future for nuclear
physics at the Metallurgical Laboratory was hardly promising.®®

Wigner’s theoretical group fared even less well in the winter of 1943.
In January, Young, Ohlinger, and Weinberg enthusiastically joined Wigner
in completing the basic design of the water-cooled pile. The favorable recep-
tion of their report in Wilmington was encouraging, but in the following
weeks Greenewalt made no move to invite Wigner or his associates to join
the du Pont design group. Although Greenewalt consulted Chicago on isolated
theoretical problems, Wigner realized that du Pont had no intention of giving
the Metallurgical Laboratory a free hand in designing the Oak Ridge or
Hanford piles.

Failing to appreciate the size or complexity of du Pont’s assignment,
Wigner, Fermi, and their colleagues grew more exasperated with what ap-
peared to be needless indecision and delay in Wilmington. It had taken three
precious months to come to the decision on water cooling which Wigner’s
group had reached in 1942. Without so much as consulting the Metallurgical
Laboratory, du Pont had adopted the air-cooled design for Clinton. In view
of the subsequent shift to the water-cooled design for Hanford, the air-cooled
pile was at best an interesting research tool. At worst, it seemed to some a
waste of time, money, and talent.

By February, 1943, Wigner had lost all hope. Du Pont seemed to be
floundering, but Greenewalt steadfastly refused all offers of help. If he was to
be frozen out of the pile project, Wigner saw no vital work left for him at
Chicago. Willing to accept the possibility that his presence might alone be
responsible for du Pont’s aloofness, he offered his resignation. Compton
persuaded Wigner instead to take a month’s leave of absence. Then he set
out to find a new project which would hold the interest of his physicists.*®

A NEW LOOK AT HEAVY WATER

Compton saw one possible answer in the renewed interest in heavy water.
The project had been shoved into the background in the spring of 1942 but
had enjoyed a revival before the end of the year. In their November feasibility
report, the du Pont high command had rated the heavy-water-moderated pile
second only to helium cooling. Du Pont’s interest had stirred General Groves
to look for ways to expand the production of heavy water. The result was a
contract with du Pont to construct heavy-water plants in connection with
ordnance works which the company was building near Morgantown, West
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Virginia; Montgomery, Alabama; and Dana, Indiana. Unlike the Canadian
plant at Trail, the American plants would use the water-distillation process,
which depended upon the very slight difference in the boiling points of heavy
and ordinary water. Although considerably more expensive than the Trail
process, the water-distillation method would permit du Pont to bring the
plants into production quickly by utilizing excess steam capacity and other
existing facilities at the ordnance works. With Trail, the three new plants
were expected to raise production to three tons per month by October, 1943.%

The prospects of larger supplies of heavy water stimulated scientific
interest both at Columbia and Chicago. Harold Urey, who had continued to
encourage heavy-water research on both sides of the Atlantic, renewed his
campaign with the S-1 Executive Committee. Using the results of Halban’s
earlier experiments in England, Urey estimated that it might be possible to
build a homogeneous system with as little as ten tons of heavy water. The
potential simplicity of the homogeneous system was too tempting to be ig-
nored. If Halban’s data were correct, it might be possible to replace the com-
plex assembly of machined graphite, aluminum tubes, and jacketed uranium
slugs in the graphite, water-cooled pile with a simple pot-pump-pipe device.
Heavy water, serving as both neutron moderator and coolant, could be circu-
lated through a large tank, where a slurry of uranium would have the proper
configuration to produce the chain reaction.

Urey called a meeting in his office on March 9, 1943, to evaluate the
homogeneous pile. At the last minute, the British had refused to let Halban
attend, but Urey and Fermi analyzed the data as best they could. They con-
cluded that a full-size homogeneous system might require as much as 300 tons
of heavy water. There was some possibility, however, that a small experiment
might reach criticality with ten tons. Groves and Conant could see no reason
for increasing heavy-water production at the moment, but they agreed to ask
Halban to re-examine some of his data in Montreal, where the British and
Canadians were establishing a small laboratory to investigate the heavy-water
reaction.

Never one to worry about consistency, Urey continued to blow hot and
cold on the heavy-water idea. He severely tried Conant’s patience during the
spring with a series of letters which dredged up every decision on heavy water
as far back as 1940. After a visit to the Metallurgical Laboratory in June,
Urey was even more excited. Fermi had received from Trail fifteen kilograms
of heavy water which he had irradiated in the CP-2. He found that the mate-
rial absorbed almost no neutrons. This news gave Urey enough leverage to
reopen the question of a full-scale heavy-water effort.*

In the meantime, Compton had been using the new interest in heavy
water to utilize some of the excess energy of his Chicago staff. The heavy-
water project fitted neatly into the basic research plans which Compton had
emphasized by bringing Henry D. Smyth to Chicago. As head of the Princeton
physics department, Smyth could be expected to organize a sound research
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program and give Wigner a feeling of reassurance. With a newcomer in
charge, Compton would have greater confidence that basic research, however
significant in the long run, would not interfere with the more prosaic but
still vital tasks of the laboratory in giving du Pont technical support for
Hanford.

Whatever value the heavy-water project may have had as a diversion
for the Chicago physicists was quickly cancelled by other effects. The more
the physicists studied the heavy-water pile, the more they were convinced it
would work. Their doubts that du Pont could build the water-cooled piles
continued to grow. They believed that the project was mired in the inflexibil-
ity and red tape of corporate bureaucracy. They judged the design to be over-
engineered in terms of safety measures, too complicated and elaborate for a
hasty wartime effort, and much too costly. To these fears was added the
antagonism caused by du Pont’s insistence that the Metallurgical Laboratory
review all the blueprints for Hanford. To snatch the physicists’ own invention
from their hands and give it to du Pont was reason enough for hostility. Now
they were asked to pore over reams of drawings in search of errors which
would never have been made if they had been permitted to design the piles
in the first place.*

Before the end of July, 1943, Compton knew he had a crisis on his
hands. The pressure of discontent had mounted so high that complaints were
beginning to seep through the tight seams of the security barrier. A young
physicist on temporary assignment with Wigner’s staff pieced together enough
of the story to convince himself that blundering in the pile project might lead
to a German victory in the race for the bomb. A letter to Mrs. Roosevelt
resulted in an interview with the President, who promptly called Conant. Be-
fore the Harvard president could arrange a meeting, the troubled physicist
had related his fears to Felix Frankfurter and Bernard M. Baruch, neither of
whom had any connections with the Manhattan project.®®

To calm these troubled waters, Groves turned to a well proved device.
He asked Warren K. Lewis to serve as chairman of a special reviewing com-
mittee with Eger V. Murphree, E. Bright Wilson, and Richard C. Tolman.
Officially, their job was to evaluate the various proposals for heavy-water
piles and to recommend the future level of effort. This they did with dispatch
and authority. Urey, with the last measure of his confidence in the gaseous-
diffusion process rapidly draining away, looked on the heavy-water pile as
the only hope for the bomb. After talking with Compton and the du Pont high
command, however, the committee voiced iis confidence in the Hanford proj-
ect. Closely following Compton’s recommendation, they suggested continuation
of fundamental research on heavy water at Chicago, construction of a low-
power, heterogeneous heavy-water pile at Argonne, and study of a high-
intensity heavy-water pile for possible construction at Oak Ridge.**

Unofficially, the committee served an equally important function as a
more proper sounding board for the discontent at Chicago. While discussing
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the technical problems of the heavy-water system, Wigner and Fermi did not
overlook the opportunity to express their dissatisfaction with du Pont. With
unfailing confidence in Compton’s judgment, neither Bush, Conant, Groves,
nor the committee contemplated a shift in policy, but the reciting of grievances
seemed to clear the air. Wigner, with Smyth’s encouragement, returned to his
onerous duties. Fermi, lending a hand on the heavy-water pile to be known as
CP-3, helped to solve new technical problems for Hanford before he left for
Los Alamos. The physicists had not succeeded in regaining control of the
pile project. They had, however, wrung from Groves the funds for an experi-
mental heavy-water pile, which would be the center of the laboratory’s re-
search program until the end of the war period.*

PROGRESS IN CHEMISTRY

The dissension which plagued the physicists at the Metallurgical Laboratory
was for the most part absent in the New Chemistry Building. Superficially the
situation seemed the same. The independent groups of the previous summer
had been organized by early 1943 in a division under the nominal direction
of Franck. Like Fermi and Wigner, Franck was a distinguished refugee sci-
entist. Having acquired the same sense of responsibility for the technical
elaboration of his scientific discoveries, Franck found it equally difficult to
accept the role to which the du Pont contract seemed to relegate the professors
at Chicago. In actual operation, however, the dynamics of the Chemistry
Division were quite different from those indicated on the organization chart.
Seaborg had completed his critical preliminary work on the lanthanum-
fluoride process and established a smooth relationship with Cooper before
Franck took the center of the stage. In practice each of the chemistry sections
pursued an independent course—Seaborg on plutonium chemistry, Franck on
radiation chemistry, Coryell on the chemistry of fission products, and
George E. Boyd on analytical chemistry. Frank H. Spedding, who served
nominally as associate director, confined most of his activities to his own
laboratory at Iowa State College.

In the winter of 1943, the spotlight fell on the combined efforts of
Cooper and Seaborg to develop the small semiworks for the lanthanum-
fluoride process. Additional space in the New Chemistry Building permitted
them to set up stainless-steel equipment which could process thirty-five-gallon
batches of lanthanum-fluoride carrier containing both uranium and a trace
of cyclotron-produced plutonium. Joseph B. Sutton and a group of du Pont
engineers found the semiworks capable of performing the oxidation-reduction
steps which heretofore had been accomplished only on a test-tube scale. With
help from Seaborg’s staff, Sutton learned how to reduce the corrosion of
equipment by the fluoride carrier. The test runs also showed that centrifuges
would be more effective than filters in the precipitation steps.*
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By April, 1943, Sutton had most of the information du Pont needed to
design a lanthanum-fluoride plant and had converted the semiworks for test
runs with bismuth-phosphate carrier. Taking advantage of additional studies
by Seaborg’s group, he completed two runs before the end of the month.
Although he had not investigated most of the variables, Cooper was ready
to admit that the chances of success were about as good with bismuth phos-
phate as with lanthanum fluoride.

It was encouraging to have two feasible approaches, but there were
also disadvantages. Du Pont was impatient to start the larger pilot plant at
Clinton. On the eve of the June 1 deadline established by du Pont, the Labora-
tory Council met in Chicago. Cooper reiterated his conviction that there was
no sound technical basis for a choice between the two. Both Seaborg and
Cooper stressed that success on a laboratory scale did not guarantee that a
full-scale plant would work. Franck urged that research on both processes
continue at the laboratory. Though sound, this suggestion did not give du
Pont the answer it needed. If no determining data were at hand, intuition
and courage would be as important as judgment in the decision. When Seaborg
ventured to guarantee at least a 50-per-cent recovery of plutonium from the
bismuth-phosphate process, Greenewalt was willing to act. Worried about pos-
sible equipment failures caused by the high corrosion rates with lanthanum
fluoride, the du Pont official chose bismuth phosphate.*”

Once the laboratory had made its decision, du Pont launched an in-
tensive campaign to design the Oak Ridge pilot plant. In Chicago, Seaborg’s
group explored the infinite variety of chemical concentrations, process tem-
peratures, and reaction times for each step in the operation. Sutton tested
these data in the semiworks until September, when the equipment was trans-
ferred to Clinton for further experiments. By the time the Chicago chemists
were settled in their new barracks-like laboratory in Tennessee, the pilot-plant
structure was taking recognizable form.

A NEW TECHNOLOGY

Designing the chemical separations plant was but a small part of the work
assigned to Cooper’s Technical Division at the Metallurgical Laboratory. If
scientists like Fermi and Seaborg were the discoverers of the new world of
nuclear energy, engineers like Cooper were its first explorers. The scientists’
basic knowledge was essential, but the engineers had to struggle with the
stubborn little quirks of the workaday world which would be just as important
as the majestic formulations in the race for the bomb.

In one respect, the technical problems in Chicago were no different
from those which confronted the gaseous-diffusion project at Columbia or the
electromagnetic at Berkeley. The severe specifications imposed by the need
for great reliability in operation, extreme operating conditions, and the mag-
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nitude and complexity of the equipment were common to all three approaches.
Overcoming corrosion, fabricating metals, purifying materials, understanding
thermodynamics, building auxiliary equipment, developing special tools, us-
ing new materials, and testing models made up the engineers’ day throughout
the Manhattan project.

The unique factor at the Metallurgical Laboratory was radiation. The
unprecedented production of radioactive materials in the chain reaction in-
troduced a new dimension in the Chicago technology. To build a pile, the
engineer had to know the effect of radiation on corrosion rates, on the proper-
ties of metals, on chemical reactions, on instruments and other equipment, and
on man. He would need years to revise his handbooks. In the meantime, he
could but resort to trial and error, leaving the systematic compilation of data
to less critical times.

The engineering in 1943 was relatively simple, but it determined the
path for the future. The mechanical design of the water-cooled pile rested with
the development engineering section under Miles C. Leverett. Drawing on his
original analysis for the Mae West pile, he established rough specifications for
the cooling system, control rods, shielding, and loading and unloading devices.
While Sutton supervised the operation of the semiworks, Waverly Q. Smith
was responsible for other chemical engineering assignments. The fabrication
of uranium metal as slugs, the canning of slugs, and the design of aluminum
tubes extended beyond the Midway to Iowa State College, the Battelle Memo-
rial Institute, the Bureau of Mines, the Grasselli Chemicals Department of du
Pont, Westinghouse, and the University of Wisconsin. These widespread
activities were co-ordinated by a committee under Doan. The complex elec-
tronics of control systems and instrumentation were explored by a group un-
der Volney C. Wilson. Skipping quickly from one assignment to the next,
Cooper’s division toiled to keep du Pont supplied with engineering data for
the Hanford blueprints.

So pervasive was the significance of radiation in all these studies that
it clearly deserved investigation in its own right. Although radiology by this
time was an established discipline, the implications of the chain-reacting pile
as a radiation source swamped the limited experience of the X-ray specialist.
Aware of the industrial hazards, Compton decided to establish a health di-
vision at the Metallurgical Laboratory in July, 1942. As a temporary measure,
he asked Ernest O. Wollan from the Chicago Tumor Institute to make a radia-
tion survey of the laboratory. In organizing the division, Compton consulted
Kenneth S. Cole, a biophysicist from the College of Physicians and Surgeons
at Columbia. On the advice of Cole and others, Compton selected Robert S.
Stone of the University of California, Berkeley, as director. Stone, an advisor
to Lawrence on radiation hazards in cyclotron operation, was one of the few
persons in the country with practical experience in applying nuclear physics
to medicine. To lead the medical section, Compton selected Simeon T. Cantril,
head of the radiology department at Swedish Hospital in Seattle. Cantril
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worked with Wollan, chief of the health physics section, in collecting radiation
exposure data on all laboratory employees. For the first time, pocket ioniza-
tion chambers and film badges were issued to all personnel working in high-
radiation areas. From the meager experimental data then available, they fixed
maximum permissible exposures at 0.1 roentgen per eight-hour day for
gamma radiation and 0.01 roentgen for fast neutrons. In biological research,
Cole took responsibility by initiating a series of experiments on the toxicology
of radioactive substances. Other institutions inaugurated research on radiation
hazards in 1943, but the pile project in Chicago was the natural focus of
activity. Thus, Stone’s group was to have a special influence on the biomedical
programs to be established at Oak Ridge and in the Manhattan project at
large.*

In 1943, as the pile project expanded beyond the Chicago campus,
Compton made a series of organizational changes. Often reflecting the shifting
pressures of a wartime enterprise, the changing patterns of organization were
complex and not always significant. The important trend was the creation of
independent laboratories of equal rank. Whitaker became director of the new
Clinton Laboratories established in the X-10 area near Oak Ridge. Fermi
supervised the facilities at Argonne as a division of the Chicago organization
until May, 1944, when he became director of the independent Argonne Labo-
ratory. Spedding likewise became director of Ames Laboratory and Allison
of the original Metallurgical Laboratory in Chicago. Compton, as director of
the Metallurgical Project, co-ordinated the activities of all the groups with the
help of Hilberry and the laboratory directors who periodically came to Chi-
cago for policy discussions.

CONSTRUCTION AT X-10

When Groves selected the Tennessee site in September, 1942, Compton at
once launched his plans for pile facilities there. Whitaker participated in the
initial planning for Oak Ridge, including the first laboratory behind the ad-
ministration building. Du Pont’s assumption of command and the attendant
policy changes in the pile project in the last weeks of the year disrupted
Whitaker’s efforts to anticipate Compton’s needs at Oak Ridge. When the
Hanford site was finally selected in January, 1943, the Oak Ridge plan was to
build the air-cooled experimental pile, the chemical separations pilot plant,
and supporting laboratory facilities on the isolated tract in Bethel Valley,
known as X-10.

Since du Pont was charged with both design and construction of X-10,
only a few weeks elapsed between the decision to proceed and the ground-
breaking for the first building.* Du Pont started the first temporary buildings
on February 2, 1943, and completed these and most of the utility installations
before the end of March. Early that same month, Cooper supplied enough
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data on the chemical separations plant so that the construction crews could
start excavations. They needed more than two months to complete the founda-
tions for the six large underground cells in which the plutonium would be
separated from the irradiated slugs. With concrete walls several feet thick, the
cells would extend one story above ground and would be covered with mam-
moth concrete slabs which could be removed when replacing equipment. The
first cell, linked to the pile building by an underground canal, would contain
a large tank in which the uranium slugs with their aluminum jackets would
be dissolved. The next four cells were designed for the large stainless-steel
tanks, centrifuges, and piping for the successive oxidation-reduction cycles.
The last was a spare which could be used for storing highly radioactive equip-
ment removed from the processing cells. Stretching along one side of the
row of cells, a one-story frame building was erected to house the operating
gallery and offices. By June, du Pont had started pouring the cell walls. Once
Greenewalt had decided to use the bismuth-phosphate process, Wilmington
could accelerate equipment design. The installation of piping and cell appara-
tus began in September. The testing and extensive modification of process
equipment took most of October, but the plant was ready to operate when the
first slugs were delivered from the pile.

The du Pont construction forces could not begin excavations for the
pile building until April 27, 1943, when the design group in Wilmington com-
pleted the plans. Work fell somewhat behind schedule when a large pocket of
soft clay was discovered directly beneath the pile site. Despite the additional
foundations, du Pont was ready to pour the front face of the pile in June.
Composed of seven feet of high-density concrete, the shield was pierced by
hundreds of tubes through which the uranium slugs would be inserted. The
side and rear walls were poured during July.

In the meantime, du Pont had begun to procure graphite for the
moderator block.*® Late in December, 1942, the du Pont design group met in
Cleveland with officials of the National Carbon Company to plan the fabrica-
tion of graphite bars. The extremely severe specifications on purity and density
limited the size of the bars and hence influenced the design of the pile. In
January, the two companies agreed on bars forty-eight inches long and four
inches square on the ends. While National Carbon was firing up its furnaces
for production, the design group surveyed graphite-machining techniques at
the Metallurgical Laboratory and other installations. Each of the bars had to
be carefully machined to remove surface impurities and to attain the precise
dimensions required for a tightly fitting graphite block. Late in March, 1943,
the design group completed plans for a graphite-fabrication plant to be located
at X-10 next to the pile building. Du Pont began construction at once and had
the plant running before the end of May. It was not easy to meet the 0.005-
inch tolerance in machining, but with concerted effort the company finished
almost 700 tons of graphite and carefully stored it until the four walls of the
pile shield were completed. On September 1, the graphite crew began stacking
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the first of seventy-three layers of the heavy, slippery material within the
shield. As the V-shaped bars and other precisely machined pieces were set in
place like a giant three-dimensional puzzle, the thousands of fuel channels,
experimental holes, and control-rod openings took shape within the block.
Before the end of September, the construction crew could begin to install the
steel girders that would support the heavy top shield.

The most critical item by far was the uranium fuel.5' Thanks to re-
search during the previous year, it was now possible to produce pure uranium
metal in large quantities. But the scientists had found no reliable method of
canning or coating the metal. Without a protective coating, the uranium
would rapidly corrode in the presence of coolant, and fission elements pro-
duced in the uranium might escape into the coolant system. Under the direc-
tion of Doan’s committee in Chicago, several laboratories had tried to spray,
coat, dip, or can uranium metal. Results were inconclusive, except for the
obvious fact that canning would provide the most positive protection but
would probably be the most difficult to achieve.

Slug production on an industrial scale involved not just technical con-
siderations but also some elaborate procurement and contracting procedures.
Du Pont would receive cast uranium billets from Mallinckrodt, Metal Hy-
drides, and other producers operating under Army contracts. The billets had
to be extruded or drawn and rolled into cylindrical slugs about an inch in
diameter. The next step was the tricky procedure of precision machining.
Then came the canning or coating process. It was du Pont’s job to find com-
panies that could perform these steps according to unusually rigid specifica-
tions, negotiate coniracts, procure equipment, establish schedules, and main-
tain controls. So important was this assignment that du Pont created a special
procurement group in the Engineering Department with complete authority
for all aspects of slug production.

Initially, du Pont hoped to avoid canning the slugs for the X-10 pile.
Corrosion would be less critical in the air-cooled pile, and there was less time
to fabricate the slugs for Clinton. Du. Pont requested the Grasselli Chemicals
Department in Cleveland to experiment with a hot-dip process. In the mean-
time, the procurement group found several companies to study the canning
method.

By June 1, 1943, the situation was critical. Grasselli had failed to per-
fect hot-dipping, and all but the Aluminum Company of America had given
up on canning. The company had made several important improvements,
particularly in the use of fluxless welding, which was necessary to preserve
the purity of can and slug. Even so, the process was far from reliable. How-
ever, the deadline for 60,000 slugs by the end of June left du Pont no choice
but to order full speed ahead.

Alcoa started production on June 14, 1943. The process seemed rela-
tively simple, since there would be no bonding material between the slug and
the can. Standard testing techniques indicated that 97 per cent of the cans
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were vacuum-tight. More rigorous tests at Clinton in hydrogen or nitrogen
atmospheres at high temperatures showed that not more than 50 per cent were
satisfactory. Most of the failures seemed to occur at the weld between the can
and the end cap. With help from General Electric, the Metallurgical Labora-
tory developed an improved welding method. The equipment was built and
tested in Chicago before shipment to the Alcoa plant, where it was installed
in the production line in October, 1943. By that time, however, the X-10 pile
was virtually complete. It was still uncertain when Clinton would have enough
acceptable slugs to begin operations. No one could guess whether the slugs
would withstand the prolonged exposure to high temperatures and intense
radiation. Nor could anyone say confidently that the failure of one slug would
not ruin the entire pile. Nothing but actual operation could provide the
answer.

CLINTON LABORATORIES

When Compton reluctantly agreed to operate the Clinton pile and pilot plant
in March, 1943, he already had the nucleus of his organization on the scene.
A small group under Whitaker had been in Oak Ridge since the previous fall
and had witnessed the start of construction in the X-10 area. The same group
continued to represent the operating contractor during the early construction
period. At the same time, Whitaker was preparing to operate the facility under
a new organization which was officially named the Clinton Laboratories in
April, 1943. Although most of his principal staff would come from the Metal-
lurgical Laboratory, Whitaker could rely on strong support from du Pont.
The research divisions, staffed largely from Chicago, reported to Doan, who
joined Whitaker as associate director. Du Pont transferred several hundred
engineers under S. W. Pratt to Qak Ridge to perform the industrial and
managerial functions of pilot-plant operation. From sixty-four employees
during July, 1943, the laboratory staff grew to almost 1,000 by the end of
the year.”

The chemists were the first large contingent to arrive. As soon as du
Pont completed the rambling, frame laboratory building, Warren C. Johnson
and Harrison Brown came with many of the chemists and much of the equip-
ment from the overcrowded facilities on the Midway. Oswald H. Greager, a
du Pont chemist, supervised the shipment and reassembly of the semiworks
for the bismuth-phosphate plant. By September, the semiworks was again
producing data for Clinton and Hanford.

The research chemists arrived a few weeks later. Perlman’s group con-
tinued laboratory studies of the various separation processes which had first
been investigated in the summer of 1942, on the chance that some aspect
of these methods might contribute to the plutonium production enterprise. As
soon as larger amounts of plutonium were available from the Clinton pile,
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some of Perlman’s group, under the supervision of Vance R. Cooper, Louis B.
Werner, and Bernard A. Fries, concentrated on isolating the product from the
pilot plant as a pure plutonium nitrate. Coryell’s group, in addition to re-
search on fission-product chemistry, operated the new “hot laboratory,” which
was equipped for chemical experiments with highly radioactive materials. The
section under Boyd continued working on analytical methods and on alternate
separation processes.”

Important as were the related research activities at Clinton, the pri-
mary purpose of the laboratory could not be realized until the pile was operat-
ing. During the last week in October, 1943, du Pont completed the final
mechanical tests of the pile after last-minute modifications to improve the
loading-unloading operation. With enough slugs on hand for a critical mass,
Whitaker summoned Compton, Fermi, and others from the Chicago physics
group. On the afternoon of November 3, two teams of scientists recruited
from various parts of the laboratory began the monotonous task of loading
thousands of slugs into the channels in the central portion of the pile. Intro-
ducing a little friendly competition to make the long hours of the night pass
more quickly, the loading teams found themselves nearing the criticality point
long before dawn on November 4. They did not fail to appreciate their unin-
tentional joke on the “brass” when Compton and Fermi were hastily sum-
moned from the guest house at five o’clock on a gray fall morning to witness
the initial operation of the world’s first power-producing pile.**

From the first, the Clinton pile was an obvious success. It had gone
critical with less uranium than had been anticipated-—about thirty tons,
placed in roughly half the 1,200 channels. After a week’s shutdown for testing
and modification, the loading was increased to thirty-six tons which raised
the power to 500 kilowatts, or half its design capacity. Before the end of
November, five tons of metal containing 500 milligrams of plutonium were
discharged for pilot-plant tests. In December, the empty channels were blocked
off with graphite plugs to concentrate the cooling air on the fuel. This modifi-
cation permitted the pile to reach 700 kilowatts. Further small increases in
power level and steadier operation in January and February, 1944, resulted
in a substantial rise in plutonjum formation. A new loading in March not
only put more uranium in the pile but also distributed the fuel more evenly
throughout the graphite block. Then, as improved slugs were introduced
during the spring, the power level was raised as high as 1,800 kilowatts, al-
most double its design capacity. The pile was now producing plutonium in
significant quantities for research purposes, and Compton was already talk-
ing of fan modifications which would enable him to double the power once
again.

As the pile came into operation, the chemists had their first real
chance to test their separation processes. In December, 1943, they introduced
the first slugs into the pilot plant and treated them in small batches. Before
the end of the year, the first sample, a fraction of a milligram, was shipped
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to Chicago. Yields at first were low, but the plant operated extremely well
for one backed by less than a year of laboratory tests. In February, new
equipment was installed to remove bismuth-phosphate carrier which was col-
lecting on the walls of processing tanks. With this change, the pilot plant proc-
essed twenty-six batches of uranium of about 700 pounds each, with a yield
of 73 per cent. Further refinements during the spring of 1944 boosted that
figure to more than 90 per cent. Higher yields and shorter processing times
all meant greater production. The first dribbles of plutonium samples to the
laboratories were steadily supplemented during 1944 by ever larger quantities.
With these, the scientists began to assemble more accurate data on the physical
and chemical properties of plutonium and other fission products. As gram
quantities were produced during the spring, Clinton began shipping samples
to Los Alamos, where basic studies of the fission properties of plutonium
had started. In the summer of 1944, these first samples of pile-produced plu-
tonium caused revolutionary changes in weapon development.*

By that time, the evolution of the Clinton Laboratories was complete.
Originally conceived as a necessary step in the development of the Hanford
plant, Clinton had met many of the immediate needs and was quickly trans-
forming itself into a well-rounded institution for nuclear research. If Clinton
represented the summation of all that had gone before in that new branch of
science, it was even more the precursor of new patterns and methods. The pile,
an incredibly complex and costly instrument for research, was the central and
indispensable feature of the nuclear laboratory. It provided an abundant
supply of neutrons for basic research in physics. In produced radioactive
isotopes and other fission products which promised to have countless uses
in science and industry. As a radiation source, the pile offered unprecedented
opportunities for research in biology and medicine. The thousands of kilo-
watts of heat dissipated through the stack were a mute reminder of the eventual
possibility of controlled power from the chain reaction. Devised in the exi-
gencies of war, the pile was, even in the summer of 1944, becoming a power-
ful instrument for the betterment of mankind.

HANFORD

Scarcely ten days before du Pont broke ground for the first building at the
X-10 site, the company and the Army reached their decision to construct the
plutonium-production plant at Hanford, Washington. On January 23, 1943,
Groves and Nichols met with Yancey and Williams in Wilmington for a final
review of the site data which Colonel Matthias and the du Pont engineers had
been collecting since their December trip to the West Coast. During the first
weeks of the new year, radiological hazards had become ever more important.
Discussions with the scientists in Chicago seemed to confirm that a sudden
release of radioactivity from the plant under certain atmospheric conditions
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FACE OF THE CLINTON AIR-COOLED EXPERIMENTAL PILE (X-10) / This
natural-uranium-and-graphite pile went critical early on the morning of November 4, 1943.
Visible on the pile face are the ends of the 1,248 channels in which the uranium slugs are
inserted.
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LOADING X-10 / The worker is inserting the aluminum-clad, natural-uranium slugs.
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might create a hazard as far as forty miles away. The isolation of the Hanford
site was thus an advantage, but Groves wanted to be sure that du Pont care-
fully examined this factor in recommending the amount of land to be ac-
quired.®®

While du Pont was completing this and other studies, Colonel Matthias
set about the task of transforming a desert wasteland into an industrial com-
munity of more than ordinary size. In the broad valley within the big bend
of the Columbia River, he found facilities insufficient even for an advanced
operating base. Driving scores of miles over the few roads that traversed the
site, he noted few signs of civilization. About fourteen miles from the rail-
road town of Pasco, he crossed the Yakima and passed through the village
of Richland, with a population of 200. Twenty-three miles farther up the river
was Hanford, a hamlet of barely 100 souls. The village stood on the river
bank, where the State of Washington operated a free ferry connecting with
the grazing lands to the north and east on the Wahluke Slope. A few miles
beyond Hanford was White Bluffs, no larger than Richland, which served
as the center of the Priest Rapids irrigation district. Surrounding the town
were a few farms struggling to survive on irrigated orchards or carefully
watered fields of mint or asparagus. Standing in White Bluffs, the Colonel
could scan in every direction the vast sea of sagebrush and cheat grass which
provided scanty forage for sheep during the winter and spring. Along the
eastern side of the river he could see precipitous cliffs rising three or four
hundred feet to the grazing land which sloped, gently at first, back to the crest
of Saddle Mountain. Looking off to the south and west, he scanned the profile
of Gable Mountain, a low volcanic outcrop in the middle distance and some
twenty miles away the barren slopes of the Rattlesnake Hills, whose crest
marked the proposed boundary on that side.

When Matthias set up a temporary land office in Prosser on Febru-
ary 22, he had orders to acquire almost 500,000 acres, an area roughly circu-
lar in shape with a diameter of about twenty-nine miles. Divided into more
than 3,000 tracts held by 2,000 owners, the purchase was among the most
complex ever accomplished by the federal government.

Almost from the start, the Army encountered trouble.”” Associations
of property owners in the irrigation districts became the natural rallying
point for those seeking higher values for their land. Although the Army
could acquire options with relative ease, final settlements were hard to nego-
tiate. To encourage the harvesting of crops and to ease the impact on local
residents, the Army did not insist on immediate possession. By the time the
Government was ready for settlement in late summer, many of the landowners
were thoroughly aroused and organized. The tight security regulations bred
disturbing rumors alleging misuse of the right of eminent domain, collusion
between du Pont and the Army, waste of Government funds, and favoritism
in appraisals. As a result, the Army found it hard to negotiate settlements even
after properties had been reappraised at substantially higher values. Nor was
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court action favorable to the Government since sympathetic juries often
awarded settlements twice as high as the appraisals. In the end, the Army was
forced to relax its negotiating standards to get settlements out of court. Al-
though the Army could not complete the major portion of the settlements be-
fore the end of 1944, the total cost was not much above the estimate of $5.1
million.

In the grim race for the atomic bomb, Matthias knew that he would
have to prepare for immediate construction. Under the best conditions, this
would have been a challenging assignment, but in early February, 1943, it
bordered on the unreasonable. At that time, du Pont could give him only the
vaguest description of basic requirements. From the few conferences since
the turn of the year, Matthias had learned that du Pont was toying with the
idea of building six helium-cooled piles along the river, where water could be
used in heat exchangers for cooling the helium. Spaced at three-mile intervals,
the piles would be safe from a common catastrophe. There was also talk of
building four separation plants some distance from the river, perhaps south
of Gable Mountain, to give a natural barrier against explosion. About the
only other fact Matthias could be sure of was that the plant would produce
unprecedented amounts of radioactivity. First, this meant an exhaustive se-
ries of meteorological studies, which had already been started, and a careful
survey of the area for deposits of gravel and aggregate for the extraordinary
amounts of concrete which would be used as radiation shielding in both the
piles and separation plants.”

Without more definite plans, neither the Army nor du Pont could do
much at the site. There were soil studies to find good load-bearing locations
for the piles, plans for gravel pits and concrete batch plants to provide the
most economical scheme for producing and delivering concrete, and chemical
analyses of river water to determine the nature of purification required. Ten-
tative plans were made for road and railroad networks in the area and for a
power-distribution system tying to the main transmission line between Grand
Coulee and Bonneville Dams at Midway Substation near the western border of
the site. There was no hope, however, of beginning actual constraction be-
fore spring.

In the meantime, the Army and du Pont set about procuring the tre-
mendous amounts of scarce materials and construction equipment required
for the job. Far from the nation’s manufacturing centers and a latecomer in
the competition for priorities on materials, the Hanford project was difficult
to supply. One approach was to canvass manufacturers and suppliers on
the West Coast to stimulate the flow of equipment and materials. This was the
special task of du Pont’s Hanford field office. Even without blueprints, the
du Pont engineers could draw on their experience in preparing tentative lists
of equipment and materials. More specialized items, particularly processing
equipment, were the responsibility of the Wilmington office. Groves’s group
of experienced Army officers in Washington fought the big battles on priori-
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ties with the Army and Navy Munitions Board and the War Production Board.
Colonel Matthias and his staff at the Hanford Engineer Works kept Groves
informed of Hanford’s needs and negotiated with other Government agencies
in the area. Quickly establishing this division of responsibility, the Army-
du Pont team began to place large orders for materials and construction
equipment before Wilmington had even preliminary drawings of the plant.

Before the end of March, 1943, the general arrangement of the Han-
ford site emerged. The decision to build water-cooled piles made it possible to
reduce their number from six, at first to four and then to three. These were to
be placed at six-mile intervals along the south bank of the river, near White
Bluffs. The four separation plants would be paired in two areas south of
Gable Mountain, almost ten miles from the nearest pile. A third area, about
midway on the Richland-Hanford road, was selected for a plant to fabricate
uranium slugs and to test pile materials. Rather than have a separate con-
struction camp at each of the sites, the Army and du Pont agreed to build
one central camp on the Hanford town site. Because this location would be
too close to the plants for safety, a permanent town for operating personnel
would be constructed at Richland.

Hanford was an excellent site for the construction camp. Reasonably
close to the plant areas, it occupied fairly level terrain near the river. There
were existing secondary roads to Pasco and White Bluffs. A branch line ter-
minating in Hanford connected the town with the Chicago, Milwaukee, and
St. Paul Railroad. Existing residences, community buildings, and public utili-
ties would serve as the nucleus of the housing effort.

In the first days of April, du Pont engineers began to lay out the town
site and prepare for construction.” The initial step was to be a camp housing
and feeding 2,000 workers. This would require ten four-wing barracks for
men, two two-wing barracks for women, a mess hall and a commissary build-
ing. Until the first units could be completed, however, construction workers
had to live in existing town buildings and pyramidal tents, which the Army
furnished. During the summer of 1943, Hanford was more a tent camp than
a town. With poor living quarters, complete isolation, few recreational facili-
ties, and the heat and dust of the desert summer, workers quit in large num-
bers. The damaging effects of dust storms on the workers’ morale led the
hardier inhabitants to refer to the dust as “termination powder.” The rapid
completion of camp facilities became a critical factor by fall, when the first
large-scale construction in the plant areas began.

As the Hanford camp grew slowly, du Pont and the Army were mak-
ing a combined effort to find the thousands of laborers and craftsmen who
would work and live there. The Army cleared the way through the War Man-
power Commission to submit requests for specified numbers of workers in
various craft classifications directly to manpower regions throughout the na-
tion. With du Pont agents in each region, the War Manpower Commission
organized advertising campaigns and recruiting centers. Prospective workers
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were advanced railroad tickets to Hanford and were greeted in Pasco by wel-
coming committees which provided temporary housing and saw that the
workers reached their assigned jobs. Incentive plans were introduced to keep
workers on the job, and special recruiting efforts were made as far away as
Alaska and the Mexican border.®

The best inducements, however, were adequate living quarters, good
food at reasonable prices, and a variety of recreation for leisure hours. By the
end of 1943, Hanford could lay some claim to all of these. With more than
25,000 workers on the job, 131 of the planned 135 barracks for men were
completed, as well as 45 of the 64 planned for women. Two camps accommo-
dating 1,200 trailers were already open, and seven of the eight mess halls were
in operation. A weekly meal ticket entitled the worker to all he could eat.
Since nearly everyone ate at the mess halls, food preparation was on a scale
surpassing all but the largest army camps. A post office, bank, hospital, com-
missary and other stores provided the usual community services. For recrea-
tion, there were beer halls, dances and variety shows in the auditorium, bowl-
ing, movies, and sports. The long working hours, monotonous rows of ugly
temporary buildings, dusty streets, and lonesome stretches of desert were un-
deniably part of the Hanford scene. But there was also good pay, good food,
interesting companions from all parts of the nation, and a spirit of camara-
derie bred by the obvious importance of the job.

Construction forces could not begin work on the piles until the basic
design drawings were released in Wilmington on October 4, 1943.* In the
meantime, however, there was much that could be done on conventional facili-
ties. On the basis that each pile would produce 250,000 kilowatts of heat, the
du Pont engineers could calculate the size of the facilities necessary to bring
cooling water to the piles. For all three units, water consumption would ap-
proach that of a city of 1,000,000 persons. In fact, the design of the water
supply for each of the pile areas resembled that of a large municipal plant.
Each would have a river pump house, large storage and settling basins, a
filtration plant, huge motor-driven pumps for delivering water to the face of
the pile, and facilities for emergency cooling in the case of a power failure.

Construction in the first pile area, designated 100-B, began on August
27 with the water-cooling facilities. During the fall, the rough outlines of
the river pump house, storage basin, filter building, and main pump house
began to take shape. Not until October 10 did the du Pont engineers drive the
first stakes marking the location of the pile building. Even then, the founda-
tions were not fixed until the area immediately under the pile had been exca-
vated and carefully load-tested. Then work gangs began to lay the first of
390 tons of structural steel, 17,400 cubic yards of concrete, 50,000 concrete
blocks, and 71,000 concrete bricks that went into the pile building. Starting
with the foundations for the pile and the deep water basins behind it where
the irradiated slugs would be collected after discharge, the work crews were
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well above ground by the end of the year. Soon a windowless concrete mono-
lith towered 120 feet above the desert.

Progress through the winter of 1944 was slow on B pile. There was a
continual shortage of workers in all crafts, but especially among the carpen-
ters, millwrights, welders, and electricians. On February 20, with 4,000 work-
ers in the area, du Pont reported shortages of 850 laborers, 550 carpenters,
200 rodsetters, 125 pipefitters, 31 welders, 133 electricians, and 60 mill-
wrights on B pile alone. Even when skilled workers were hired, they could not
always be assigned to the pile area. Only those with security clearances could
be employed in the restricted areas within the pile building. The unusual
skill and experience demanded for many of the tasks excluded workers with
normally acceptable qualifications. Welders, for example, were required to
present work records and references going back as far as fifteen years and
pass a welding test which rejected more than 80 per cent of the applicants.
Most of the 50,000 linear feet of welded joints would be inaccessible when the
pile was completed. With success possibly hanging on the integrity of every
weld, du Pont believed exceptional standards were mandatory. They did,
however, make for slow going, especially on the first pile.

Assembly of the pile itself began in February, 1944, after most of the
rough concrete work was completed. Piping and instrumentation in the bottom
of the pile had been encased in a second concrete pour on the first foundation.
On February 1, workmen began laying the steel liner which would eventually
be welded to similar sections in the sides and top of the pile to form an air-
tight unit. Then began the ticklish job of grouting the cast-iron base of the
pile in a third concrete pour. The base had to be set within 0.003 inch and
have a flatness tolerance after grouting of 0.005 inch. Before the third pour
on March 6, laborers began setting the first rows of cast-iron blocks, which
would provide a thermal shield, and the ten-ton sections of laminated mason-
ite and steel blocks, which would form a biological shield within the thick
outer concrete walls. Prefabricated with precision in another area, the lami-
nated blocks were carefully cleaned and set in place. Each had to fit per-
fectly, particularly on the front and rear faces of the pile. On those faces, the
blocks were drilled to receive the aluminum tubes, and they had to match
corresponding holes in the concrete shield and graphite block within %, inch.

Placement of the shield was not completed until May 19. The next day,
specially trained crews began the critical task of laying the graphite blocks
within the shield. Precision and cleanliness were the chief concerns. The
graphite crews were required to wear special uniforms. Handling the graphite
carefully with gloves, they laid each piece by number according to a detailed
plan. They used plumb bobs and guide wires to stay within the tolerance of
0.005 inch from the centerline of the pile. They carefully vacuumed each
layer to remove any traces of dirt. On June 11, the crew laid the last piece of
graphite, and others began installing the top shield.
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By the first of May, mechanics, pipefitters, welders, and electricians
were swarming over the area to install the jungle of machinery, piping, wir-
ing, and instrumentation which converged on the pile. The arrays of control
and safety rods, with their intricate operating mechanisms, were installed and
tested. The huge water pipes from the pump building were connected to risers
on the front of the pile. The risers were tied to crossheaders, and they in turn
were connected by short loops of flexible piping called pigtails to each of the
aluminum process tubes. A similar assembly was installed on the rear face to
carry the cooling water to a retention basin, where the short-lived radioac-
tivity would be allowed to decay before the water was returned to the river.
Large trenches carried the thousands of pipes and cables which tied the
swarm of instruments in the pile with the great panel boards in the control
room. By the middle of August, B pile was complete.

To understand the full story of pile assembly, however, the observer
had to look beyond the pile building itself. Behind each piece of equipment
brought to the assembly area in the pile building lay months of research,
engineering development, and fabrication. For anything as novel in 1944 as
a nuclear pile, this was not surprising. What was striking was the realization
that many of the major components had been fabricated on the desert at
Hanford.®® Following its Clinton experience, du Pont decided to finish every
piece of graphite on the site. A special air-conditioned building to exclude
dust and impurities was constructed near the Hanford camp. Wood-turning
machinery was set up with special jigs for each step in the operation. Here
again the tolerances required were exceptional. The allowable deviation in
cross-section measurements was 0.005 inch; in length, 0.006 inch; in the
diameter of longitudinal holes for the process tubes, 0.003 inch. About 17 per
cent of all the graphite was tested in a small 30-watt pile constructed at Han-
ford. Du Pont followed a similar procedure in producing the huge laminated
shield blocks. In special shops, skilled workers fabricated 2.5 million square
feet of masonite and 4,415 tons of steel plates into blocks with tolerances com-
parable to those in other components.

Supporting activities at Hanford extended from these specialized op-
erations down to a host of mundane but essential services. Not only all the
concrete but also all concrete blocks were manufactured on the site. The cen-
tral shops located between the two chemical separation areas offered virtually
every repair and maintenance service available in a large industrial com-
munity. In addition to large warehouses containing everything from steam
locomotive parts to safety shoes, the area had individual repair shops for
heavy equipment, pumpcrete equipment, cranes, valves, batteries and radia-
tors, tires, heavy trucks, automobiles, electrical equipment, transit mix equip-
ment, railroad gondolas, and locomotives. Machine shops, training schools,
and engineering offices also dotted the area. Though perhaps less dramatic,
these varied services were as vital to the success of the project as any of the
construction activities at Hanford.
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CANYONS IN THE DESERT

Just a few miles east and west of the central shops area in August, 1943, the
visitor with proper credentials could find groups of temporary buildings
clustered around several immense excavations in the desert floor. These were
the beginnings of the two areas where plutonium would be separated chemi.
cally from the irradiated slugs.®® Superficially, the Hanford separation plants
would bear little resemblance to the small concrete structure huddled next to
the pile building at the Clinton Laboratories. Actually, the processes were to
be similar, but the much greater scale of the Hanford plant gave it a com-
pletely different appearance. In both plants the irradiated slugs would be col-
lected in the deep water pools behind the piles. But instead of being trans-
ported a few score feet through an undeground canal to the separation build-
ing, the buckets of Hanford slugs would be loaded into heavy shielded casks
placed on special railroad cars by remote control and moved to storage areas
about five miles from the piles. Here the buckets would be suspended in water
inside low concrete structures isolated in the desert. When a sufficient amount
of the short-lived radioactivity had been allowed to decay, the buckets would
be transported by railroad car to the separation plant.

Each separation plant was designed to include a separation building,
where the bismuth-phosphate process would be performed; a concentration
building, where the plutonium would be separated from the phosphate carrier
and other gross impurities; a ventilation building, for disposal of radioactive
and poisonous gases from the process buildings; and a waste storage area,
where the highly radioactive sludges of uranium, aluminum, fission products,
and process materials could be stored. Original plans called for two plants in
each area, but operating experience with the pilot plant at Clinton later per-
mitted du Pont to reduce this number from four to three—the T and U plants
in the 200-West area and the B plant in 200-East.

Under the extreme pressure imposed by Groves’s schedule, du Pont
made an effort to start construction in both the pile and separation areas dur-
ing the summer of 1943. In the 200 areas, however, nothing more than the
excavations for the separation buildings had been completed when work came
to a standstill. Facing acute shortages of construction labor in the fall of
1943, du Pont had no choice but to concentrate on the pile areas. Besides, the
plans for the separation plants did not go much beyond the fact that a pre-
cipitation process would be used in the major steps. The selection of the bis-
muth-phosphate method on June 1 had scarcely been reflected in Hanford
designs. The pilot plant at Oak Ridge was itself in the early stages of con-
struction, and no one yet knew what process would finally be employed in
concentration and final purification of the plutonium.

As a result, no work of significance was performed in the separation
areas until 1944, and even then most activity was concentrated in 200-West.
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During January, the massive outlines of 221-T, the first separation building,
appeared as the foundations were poured for the cells and heavy concrete
walls of the structure. The building itself, more than 800 feet long, 65 feet
wide, and 80 high, looked like a huge aircraft carrier floating on a sagebrush
sea. Inside, it had roughly the same plan as the pilot plant. A row of forty
concrete cells, most of them about fifteen feet square and twenty feet deep,
ran the length of the building. Each cell was separated from its neighbor by
six feet of concrete and would be covered by concrete blocks six feet thick.
Since the cell openings were designed in step fashion to provide adquate
shielding, the thirty-five-ton concrete lids with a corresponding configuration
had to be poured with extremely accurate dimensions, Only by using ma-
chined cast-iron forms was it possible to maintain the one-eighth-inch toler-
ance specified.

Along one side of the cell row and separated from it by seven feet of
concrete were the operating galleries on three levels, the lowest for electrical
controls, the intermediate for piping and remote lubrication equipment, and
the upper for operating control boards. The entire area above the cells was
enclosed by a single gallery sixty feet high and running the length of the
building. Its five-foot concrete walls and three-foot roof slabs were designed
to prevent the escape of radiation when the cell covers were removed. Even
with all covers in place, radiation levels in the gallery would be too high to
permit the presence of unprotected personnel. Once operation started, this
huge gallery, or canyon as it came to be called, would become a silent, con-
crete no-man’s-land shut off from the outside world, its cold walls and hook-
studded floor illuminated only by the long rows of glaring light bulbs.

The insensible but deadly powers of radiation influenced every feature
of this strange man-made world. The great masses of concrete in the canyons,
the completed cell covers standing on the desert like lopsided sarcophagi testi-
fied to the presence of this new force. Perhaps less picturesque but equally
novel was the equipment the buildings would contain. Radiation meant remote
control, which in turn placed a premium on simplicity of design, mechanical
perfection, maintenance-free operation, and interchangeability of parts. To
avoid servicing pumps and valves, steam jets were developed to transfer proc-
ess materials from one tank to another. Centrifuges, considered more reliable
than filters, were specially designed and subjected to a series of rigorous tests.
Liquid-level and density meters were developed to trace the progress of each
operation.

The first thought in designing cell equipment was to facilitate main-
tenance and replacement. Once the plant was operating, the only access to
the cells would be by means of the huge bridge crane which traveled the
length of the building. From the heavily shielded cab behind a concrete para-
pet above the gallery, operators could look into the canyon with specially de-
signed periscopes and television sets. They could use the seventy-ton hook to
lift off the cell covers and lighter equipment to work within the cell. With
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special tools and impact wrenches, they could remove connecting piping, lift
out the damaged piece of equipment, and place it in a storage cell. They would
then lower a new piece of equipment into the operating position and reconnect
the process piping.

To perform such an operation successfully at sixty feet or more with-
out direct vision required extreme accuracy in the dimensions of cell com-
ponents, in the positioning of equipment, and in the location of piping within
the cell. Because the final details of the process had not been firmly estab-
lished, all the equipment and connections were standardized so that any two
kinds of apparatus could be operated in any cell in the plant. Distinctive color
codes were used on all units to assist maintenance crews, and all concrete sur-
faces were coated with a paint which was corrosion-resistant, easily washable,
and adequately adherent to concrete.

In building the separation plants, du Pont found nothing more critical
than procuring stainless steel for the hundreds of precipitators, catch-tanks,
centrifuges, and dissolvers as well as for 700,000 feet of piping. Because many
of the chemicals were highly corrosive, du Pont had to use a special grade of
columbium stainless steel. Since this type of steel had never been manufac-
tured in commercial quantities, du Pont had trouble placing orders for such
large amounts, all to be produced according to rigid specifications. Welders,
for the most part, had to be trained to use the high-temperature techniques
required, since seamless pipe of this material was not then available. The final
step in fabrication of the stainless steel was heat treatment, for which a special
furnace was built in the 200-East area.

By carefully scheduling construction and the fabrication of equipment,
the contractor made good progress during the spring of 1944. As soon as a
portion of the long canyon was roofed over, equipment was installed with
watchlike precision. By the middle of September, the end wall of 221-T had
been sealed off. Construction of 221.U, also started in January, 1944, had
been delayed for three months to speed up work on the D pile and was not
completed until the end of the year. Work on 221-B followed about three
months behind 221-U.

Excavations for the concentration buildings (224-T, U, and B) were
not started until late in the winter of 1944. Since the great bulk of the ura-
nium and fission products would be eliminated in the 221 buildings, the con-
centration units could be designed for smaller amounts of less radioactive
materials. The possibility of smaller buildings, less shielding, and direct
maintenance permitted some postponement of construction until the chemists
at Chicago and Clinton could investigate the various processes which might
be employed.

The main purpose of the concentration process was to remove the
relatively large amounts of bismuth phosphate which carried the plutonium
through the separation steps. At Chicago, Seaborg’s group had found it easy
on a laboratory scale to dissolve the phosphate carrier in hydrochloric acid
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and precipitate the plutonium with a rare-earth fluoride. However, the acid
was so corrosive on stainless steel that the process was impractical for the
production plants. Following a suggestion by L. C. Peery, the Clinton pilot
plant tried the original lanthanum-fluoride process for the concentration step.
The extensive studies of that process already completed made it possible to
adapt it to the 224 buildings without delay. The real value of the combination
of the two precipitation processes did not appear until later, when it was dis-
covered that fission products not well separated by the phosphate steps were
efficiently separated by the fluoride steps. The big construction effort on the
224 buildings came in the summer of 1944. The two plants in the West area
were completed on October 8. The 224-B plant in the East area was not fin-
ished until February 10, 1945.%

The final step in plutonium recovery was isolating the material from
the last traces of fission products, carrier, and other undesirable elements.
Here the quantities of material and the radiation levels were so small that the
process could be performed in a relatively conventional laboratory, only the
great value and high toxicity of the product requiring special precautions. In
selecting the process, du Pont could draw on the months of basic research
which Perlman’s group had conducted at Chicago and Clinton. On Seaborg’s
recommendation, du Pont selected the peroxide method, which Perlman had
investigated in the summer of 1942. The process rested upon the fact that vir-
tually all nitrates, except those of uranium, thorium, and plutonium, were
soluble in hydrogen peroxide. Since the last traces of uranium and thorium
had already been extracted, the plutonium could be isolated by separating it
from the lanthanum-fluoride carrier, converting it to a nitrate, and adding
peroxide. The product would be a pure plutonium nitrate, which could be sent
to Los Alamos for reduction to metal.

Although the basic chemisiry of the process was well understood, all
the details of the equipment for the isolation building (231-W) were not
known when du Pont broke ground in the West area on April 8, 1944. During
the summer the Metallurgical Laboratory revised its estimates of the critical
mass of plutonium, and this change affected the layout of the isolation build-
ing. Some of the mechanical processes were revised several times as the Chi-
cago and Clinton laboratories tested various steps. Only with the greatest

effort was du Pont able to complete the isolation building before the end of
1944.

SLUG CRISIS

Despite the remarkable achievements of du Pont and the Army at Hanford,
no one in a position of responsibility in the summer of 1944 could look on
the status of the project with confident optimism. The rough, energetic spirit
of the Hanford camp with its 50,000 temporary inhabitants, the magnitude
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and intricacy of the three pile areas along the river bank, the combination of
daring and precision in the huge canyons could not fail to leave a deep im-
pression on those who saw them. But those in command knew that true prog-
ress had to be measured in terms of the bomb. In that respect, the value of
Hanford was very much in doubt. Only one of the piles could be considered
complete, and not one unit in the two separation areas was ready for opera-
tion. Disconcerting as these facts were, they by no means represented the
greatest threat to Hanford. There was every reason to believe that the tempo
of construction could be increased, but without adequate supplies of reliable
uranium slugs for the piles, the massive structures in the desert might well
stand as a monument to the folly of American engineering.

The slug crisis was nothing new. It had begun in the summer of 1943
with the first attempt to prepare the charge for the experimental pile at Clin-
ton. Fortunately, the more moderate operating conditions anticipated at
Clinton permitted du Pont to meet that first requirement with an unbonded
slug, which was relatively easy to fabricate. The Clinton experience, however,
provided a warning which no one overlooked. In a status report in October,
1943, Compton saw the development and production of slugs as the most
critical job facing the project.”

A series of conferences in the last two weeks of October laid the
groundwork for a three-pronged attack. Greenewalt agreed to build a small
slug-production unit at Wilmington in an effort to translate the more promis-
ing canning techniques into a process which would be practical on a large
scale. Compton was prepared to enlist every available hand in Chicago to
build a canning semiworks in the old icehouse and stables on University Ave-
nue. While Wilmington concentrated on the development of equipment for
the production line, Chicago would study the chemical and physical reactions
occurring in the various processing steps. Du Pont’s Grasselli Chemicals De-
partment in Cleveland would support the Metallurgical Laboratory with spe-
cialized research on bonding techniques. In the meantime procurement teams
in du Pont’s Engineering Department would expedite the production of ura-
nium slugs and aluminum cans.

For the moment, du Pont was willing to let research follow its natural
course. Several bonding schemes showed promise, and even Greenewalt was
not ready to discount the possibility of developing an unbonded, canned slug
or even a coated slug which would withstand the extreme operating conditions
in the Hanford piles. During the last weeks of 1943, Grasselli and the Metal-
lurgical Laboratory investigated a variety of bonding methods. The two prin-
cipal approaches involved using an aluminum-silicon alloy as the bonding
material between slug and can and incorporating a zinc bond in a special can-
ning technique. In each process there were hundreds of variables in applying
the bond and inserting the slug in the can, any one of which might determine
the success of the method.

By the beginning of 1944, du Pont was determined to narrow the
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field. Although only a few full-sized Hanford slugs had yet been canned with
any of the processes, some line of development had to be established if the
company was to have enough slugs to start the B pile in August. At a meeting
in Chicago on January 4, 1944, Greenewalt examined the evidence. It was ob-
vious from the outset that none of the bonding methods was yet ready for use
in large-scale production. Even the preliminary evidence from a few experi-
ments suggested that the bond greatly complicated welding the cap on the can.
It was also extremely difficult to achieve a uniform distribution of the bond,
which was necessary to avoid hot spots on the slug surface. In fact, some of
the best minds at Chicago, including Wigner and Creutz, were convinced that
the unbonded slug would be the most easily fabricated and the most reliable.
Wigner doubted that the bond would withstand the effects of thermal expan-
sion. Creutz was determined to circumvent the complications of bonding by
perfecting a double-weld which would provide greater insurance against leak-
age. Greenewalt readily admitted the complications of bonding, but he saw its
distinct advantages too. Not only would the bond facilitate heat removal from
the slug, but the bond itself would protect the uranium from corrosion and
swelling even if the can did leak. The du Pont engineer was greatly impressed
with the properties of the aluminum-silicon alloy. He did not consider it im-
possible that a simple alloy dip might some day replace the canning process
altogether. The Chicago scientists might continue some modest studies of zinc
bonds and double-welds; Greenewalt intended to concentrate on the alumi-
num-silicon bond, now commonly called Al-Si.%

By this time, du Pont could begin to use the extensive slug-fabrication
facilities at Hanford. Construction had started in the spring of 1943 on the
third production site, designated the 300 area, about midway between Rich-
land and the Hanford camp. There du Pont planned to concentrate operations
which involved relatively small amounts of radioactivity and therefore no
massive shielding. In addition to the slug-fabrication buildings, the 300 area
contained the small thirty-watt pile in which finished graphite bars were tested,
a general technical laboratory, instrument shops, and a semiworks of labora-
tory size for the chemical separation process. The plan was to perform eventu-
ally all the fabricating steps from uranium billets to finished slugs at Hanford,
but initially work would be limited to experimental canning processes. Before
the end of 1943, the construction forces had completed the simple concrete-
block building in the middle of the 300 area. Early in 1944, du Pont began
shipping equipment developed in the Wilmington test unit for the first experi-
mental runs at Hanford.

Despite the intensive experimentation at Wilmington, Cleveland, Chi-
cago, and Hanford, progress was discouraging during the winter of 1944. In
some respects, the widely dispersed groups of engineers and scientists seemed
to be learning more and more about less and less. They were amassing data
but not developing a process. Was it possible that, despite all the good inten-
tions, work tended to drift from the central purpose in isolated laboratories?



300 AREA AT HANFORD / Here du Pont manufactured uranium slugs and tested ma-
terials for the production piles. Slugs were fabricated in the one-story masonry building
in the center background. Materials were tested in a 30-watt pile in the large vented build-
ing at the upper left.

FILTER PLANT FOR THE HANFORD D PILE, JUNE 20, 1944 / The water-treatment
system for each of the three production piles was comparable to a large municipal plant.
The power plant is in the background and the pile building out of view to the right.



HANFORD D PILE AND SUPPORTING FACILITIES, JUNE 20, 1944 / The pile
building, which towered 120 feet above the desert, is the concrete structure in the
center. Behind it lies the water-treatment facilities. The Columbia River and the Wahluke
Slope are in the background.
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CHEMICAL SEPARATION BUILDING UNDER CONSTRUCTION AT HANFORD / Here the bismuth-phosphate process was used to sepa-

rate plutonium from irradiated uranium. The completed building was 800 feet long, 65 feet wide, and 80 feet high.
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Williams and Greenewalt guessed there might be a psychological, if not a
practical, advantage in centralizing all slug-development activities at Han-
ford. Accordingly, in March they transferred to Hanford all Wilmington slug
operations and most of the du Pont engineers assigned to the semiworks in
Chicago. The Metallurgical Laboratory and Grasselli would continue research
on specific portions of the process.*”

The first experimental canning operations started in the 313 building
at Hanford on March 20, 1944. Nothing could have been further from as-
sembly-line techniques. The development line consisted of little more than a
series of open tanks in which scores of operators dipped clusters of machined
slugs. Starting with a series of degreasing and pickling baths to remove dirt
and oxidation, the slugs were successively dipped in molten bronze, tin, and
Al-Si. Since the temperature, composition, and duration of each dip were ex-
tremely critical, the operators had great difficulty in achieving uniform results
or detecting faulty slugs. After the final dip, the slugs were forced into the
aluminum cans with hydraulic presses, a tricky process which produced a
large number of rejects. The next step involved end-trimming and the compli-
cated task of arc-welding the aluminum cap in an argon atmosphere. Com-
pletely a manual operation, the welding step required weeks of training to
achieve reasonable results. When the end had been faced and machined, the
slugs were subjected to a series of tests to detect weld failures, pinholes, or
lack of bond uniformity.

With so many variables and so many opportunities for error, the Han-
ford operating crew considered it an accomplishment to can three or four
slugs per day, even when working on double shifts. In the first two weeks
they succeeded in canning a total of thirty-six slugs, and none of these looked
acceptable. It was hard to imagine how the tens of thousands of slugs needed
for the first pile loading could be completed by August 15. It was probably
too late to take advantage of recent encouraging experiments with zinc bond-
ing since nothing had been done to develop a production process for this
method. The du Pont leaders had but two choices. They could lower their ac-
ceptance standards and hope to produce a sufficient number of aluminum-
silicon-bonded slugs, or they could fabricate an initial loading of unbonded
slugs for the first pile.

During the last iwo weeks of April, the du Pont operators found it
possible to keep the experimental line going for several hours without a
breakdown. Slug production jumped from units, to tens, to hundreds per
week. These results were encouraging, but in terms of the number of slugs
required and the time available, they seemed insignificant. Reluctantly, on
May 2 du Pont agreed to the emergency production of unbonded slugs. The
Quality Hardware Company in Chicago, with help from Alcoa, geared up to
meet the August deadline. Only by the greatest effort was Quality able to be-
gin regular production by the middle of June.

Meanwhile, Hanford was enjoying steady if not startling progress.
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With the arrival of the first production press from Grasselli, the first true
production line was started on May 11. Production quickly increased as ad-
ditional dipping lines and presses were brought into action. With four lines
in operation by the middle of June, it seemed possible that an adequate num-
ber of slugs for the first loading might be produced in time, but no one could
yet predict how many of these would be acceptable. Until the pile was com-
pleted and the slugs installed, the success of the whole pile project would hang
in the balance.®®

By the end of June, 1944, Hanford was little more than half complete.
Not one pile or separation plant was yet ready for operation. By concentrating
labor and materials du Pont was hastening the completion of the first plants
of each type (100-B and 221-T'). The second pile (100-D) and the second
canyon (221-U) were less than half complete, and the third pile (100-F) and
separation plant (221-B) were barely started. Slug fabrication in the 300
area was just beginning on a production scale. Du Pont operating crews were
only then taking over the first administrative offices, machine shops, and
maintenance buildings in Richland and at the plant sites.

With a portion of the electromagnetic plant in operation and the first
stages of K-25 ready for testing, Hanford was just reaching the peak of con-
struction activities. At Hanford camp, work was almost complete on the last
of 131 men’s barracks, 912 men’s huts, and 64 women’s barracks which
would accommodate more than 39,000 workers. Completion of a second
trailer camp would raise the number of trailer spaces to more than 3,600. In
the permanent community for operating personnel at Richland more than two-
thirds of the 3,800 family units were ready for occupancy. The steadily in-
creasing momentum of construction suggested that most of Hanford would
be complete by early 1945. No one could yet foretell when the first significant
quantities of plutonium would be produced.®®



A LABORATORY
SET ON A?HILL

The sprawling separation plants in the long valleys that stretched south-
west from Oak Ridge and the massive piles that rose on the desert banks
of the Columbia were spectacular achievements. In the summer of 1944,
their success in time was still a matter to doubt, but even if they exceeded the
rosiest expectations of their designers, they would produce only fissionable
material, not a weapon. To turn uranium 235 or plutonium into a bomb re-
quired in its own right a prodigious research, design, and engineering enter-
prise. In 1942, no one had been able to visualize the magnitude of the effort
that would be necessary, but several leaders had seen that even the theoretical
work on weapons could not remain indefinitely an adjunct of the Metallurgi-
cal Laboratory.

NEEDED: A SPECIAL WEAPONS LABORATORY

The germ of the decision to create a special weapons laboratory was active
as early as May 26, 1942, when Conant recommended to Bush the creation
of a joint OSRD-Army committee to develop plans for constructing the bomb.
Perhaps Conant was influenced by a letter he had just seen from Gregory
Breit to Lyman J. Briggs. On resigning as co-ordinator of fast-neutron re-
search at Chicago, Breit was distressed at the attitude toward secrecy there.
Some of the influential scientists flatly opposed the system of dividing the
work into tight little units and of allowing no one to know more than he
needed to do his job. Just as a man-of-war was compartmentalized to prevent
a single torpedo from sending the vessel to the bottom, the S-1 project had
been subdivided to prevent some indiscreet or disloyal individual from reveal-
ing the whole enterprise to the enemy. Breit reported that though the Metal-
lurgical Laboratory observed compartmentalization to a degree at a weekly
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colloquium, much information escaped the narrow confines that good security
practice seemed to dictate. Many of the Chicago researchers considered this
altogether fitting and proper. They judged it wiser to allow free exchange of
ideas and data in the interest of more rapid progress. Compton himself held
that no impenetrable barrier could exist between fast-neutron research and
the slow-neutron pile program. Breit concluded that the S-1 leadership should
edge Chicago out of the work on the bomb and centralize experimentation in
two or three laboratories. Going a step further, he raised the question of
placing weapons development directly under one of the armed services.!

Conant’s suggestion found favor with Bush. Their June 13, 1942,
recommendations to Wallace, Stimson, and Marshall called for a special
committee to take charge of all research and development on the military
uses of fissionable material. This committee—it might be subdivided into two
or three—would serve under the jurisdiction of the Joint Committee on New
Weapons and Equipment of the Joint Chiefs of Staff. The idea survived the
hectic organizational plans and maneuvers of late summer. When Groves
took over on September 17, his instructions included the injunction to arrange
for “a working committee on the application of the product.” The Joint Com-
mittee on New Weapons remained sufficiently a part of the thinking for its
members—General Raymond G. Moses as well as Bush and Admiral Purnell
—to sign the memorandum of September 23, 1942, that detailed the functions
of the Military Policy Committee.?

Meanwhile, some of the scientists active in the fast-neutron program
had convinced themselves that a special laboratory was the only way to
achieve a co-ordinated effort. Spokesman for this point of view was Robert
Oppenheimer, who had accepted responsibility for fast-neutron research after
Breit’s resignation. Oppenheimer found the disjointed character of the work
alarming. Toiling in their widely separated laboratories, the experimenters
knew very little about work elsewhere. In the vital field of cross-section meas-
urements, confusion prevailed; there were as many values as laboratories.
Oppenheimer concluded that dependable results awaited bringing the team
together. Then the researchers could compare findings and correct each
other’s errors. As his experience deepened, Oppenheimer settled in the con-
viction that the weapons work would have to be divorced from the Chicago
project. There was too much compartmentalization there, not too little.
Constant bickering and, worse, a certain irresponsibility were the conse-
quences. The trouble appeared in sharp focus early in the fall of 1942, when
it was rumored that the weapons work would follow the Metallurgical Labo-
ratory contingent to Clinton.

Not long after Groves assumed command, Oppenheimer suggested
establishing a special bomb laboratory. He stressed the necessity for free
internal communication and conceded this meant tight controls to prevent
leaks to the outside. The idea was attractive. Everyone recognized that ord-
nance experiments eventually would require an isolated proving ground.
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Why not make the arrangements at the outset, particularly when there were
such obvious security advantages in isolating the work on military applica-
tions at some secluded hideaway? This prospect appealed to Groves, who
was instinctively security-minded. A separate weapons laboratory seemed
especially desirable because news of the possibility of using deuterium to
make a hydrogen bomb had spread beyond the fast-neutron group. The threat
to secrecy was no chimera but a clear and present danger.?

CHOOSING A4 SITE

Inaccessibility was most important in selecting a site. There had to be some
rail and road facilities, of course, but since the weapons work was not ex-
pected to require a large installation, convenience could be sacrificed for the
benefits of isolation. The objective was a laboratory in the wilderness, a re-
mote inland site where the Army could apply the most rigid of external secu-
rity measures. The search soon narrowed to the southern Rockies and a string
of five possibilities stretching for 200 miles across northern New Mexico from
Gallup on the West to Las Vegas on the East. Surveys by the United States
Engineer Office in Albuquerque reduced the choice to two locations roughly
fifty miles north of that city—Jemez Springs and the Los Alamos Ranch
School, a private academy for boys near Otowi.

One day about the middle of November, 1942, Oppenheimer set out on
horseback to inspect Jemez Springs with Lieutenant Colonel W. H. Dudley of
the Manhattan District and Edwin M. McMillan, just released from his radar
work at Cambridge. McMillan did not think the area suitable for the new
laboratory. Located deep in a narrow valley, Jemez Springs did not offer
enough space for a rational layout. Besides, it was vulnerable to floods. When
General Groves arrived later in the day, he agreed that the valley was unsuit-
able. The four proceeded by automobile to the Los Alamos School. There
they found themselves on the cone of a gigantic, ages-extinct volcano. Just to
the west loomed the Jemez Mountains—the rim of the ancient crater. Radiat-
ing from this jagged line of rock were dozens of deep canyons cut in the soft
yellow tufl by centuries of rain and melting snow. From where the group
stood, on a mesa between two canyons, their eyes followed the land eastward
as it sloped down to the Rio Grande. Beyond, far in the distance, rose the
majestic snow-covered peaks of the Sangre de Cristo Range. It was a spot to
stir the imagination.

Santa Fe, the nearest railhead and community of any size, lay, barely
visible, twenty miles to the Southeast. Leading up from the antique capital
was a road so poor that, as someone remarked, it made the back-country
roads of Alabama and Georgia seem like the Merritt Parkway. The water
resources were questionable, and power supply caused some concern, but
other factors counterbalanced these. It would have been difficult to find a
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place more inaccessible than this mesa with its steep rock walls and execrable
roads. Plenty of space for safe testing lay deep in adjacent canyons. Most of
the land required was public domain, while the rest, valuable only for grazing,
would cost little. Even the rustic buildings of the school counted in the balance
as a head start on housing.*

Groves decided quickly that this was the place. On November 23, he
acquired right of entry to the lands and property of the school. Two days
later, he obtained authority to acquire the site. Before the end of the month,
he had assigned supervision of initial construction to the district engineer in
Albuquerque. By the end of December, Groves had persuaded the University
of California to take responsibility for procuring supplies and employing
personnel.®

MILITARY OR CIVILIAN?

It had taken only a few weeks of search for Groves and the Military Policy
Committee to conclude that Oppenheimer was the man to head Los Alamos.
Only thirty-eight years of age, Oppenheimer had a distinguished career be-
hind him. On graduating from Harvard in 1925, he journeyed abroad to
pursue advanced physical studies at Cambridge, Gottingen, Leyden, and
Zurich. Back in the United States, he entered an academic career and by the
mid-thirties attained professorships at the California Institute of Technology
in Pasadena and at the Berkeley campus of the state university. He won a
reputation as a brilliant teacher. His students helped fill the ranks of American
physicists, Primarily a theoretician, he reported his work on the particles of
the nucleus—the mesotron was his particular interest—in some fifty notes
and articles in the Physical Review. He had no administrative experience, but
his peculiar talents for leading a group of scholars offset this disadvantage.
He understood scientists, their methods, their prejudices, their temperaments.
His professional stature, open manner, precision of thought, and articulate
yet temperate speech equipped him admirably for the task ahead. Groves, who
wanted Oppenheimer in spite of his left-wing political associations, always
insisted that he did a magnificent job.®

The assumption at the outset was that Los Alamos would be a military
laboratory. The narrowly martial, supersecret mission appeared to demand
it. Conant, now scientific adviser to General Groves, had acquired no preju-
dices against military laboratories from his World War I duty in the Chemical
Warfare Service. Oppenheimer went along with the idea and even visited the
Presidio in San Francisco to take the first steps toward becoming a commis-
sioned officer. Just how the laboratory would operate was not apparent. Ac-
cording to plans, the director would be perhaps a lieutenant colonel and the
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heads of the scientific divisions majors. Thus, there would be a chain of
command, but no one spelled out the process of making scientific decisions
in this military environment.

The events that frustrated these plans and assured the civilian charac-
ter of Los Alamos began with Oppenheimer’s efforts at recruiting. The fast-
neutron group, plus McMillan, provided a somewhat lopsided cadre, but there
was no easy way to bring the company to strength. Most men with the requi-
site skills had already taken war jobs. Oppenheimer would have to pry them
away. He wanted particularly to enlist Robert F. Bacher and Isidor I. Rabi,
two outstanding physicists in the Radiation Laboratory at MIT.

Conant and Bush sought to clear the way, but Alfred L. Loomis and
Karl T. Compton were reluctant to part with two such irreplaceable men.
Ultimately, Loomis and Compton acquiesced, but Oppenheimer still had to
convince Bacher and Rabi that they ought to come.’

Here he ran into trouble. Bacher and Rabi feared that a military
laboratory could accomplish nothing significant. Differences in rank and
between commissioned and civilian researchers would breed friction and
bring on a collapse of morale. They believed that military organization would
introduce a dangerous rigidity. Would not an Army officer find it difficult to
be wrong, to change a decision? What assurance was there that he would act
on scientific grounds? The laboratory must be civilian in order to retain
scientific autonomy. In the realm of security, they insisted that the scientists
must decide what measures should be applied. The military should only ad-
minister the regulations. Bacher’s and Rabi’s attitude was a real obstacle,
Oppenheimer reported to Conant. Perhaps he could make the laboratory go
without meeting their objections, but at best he would encounter dangerous
delay. Physicists had such a sense of solidarity that the project would fail to
attract the men from MIT. Those who already had planned to come might
reconsider or bring misgivings that would reduce their usefulness.®

It was clearly necessary to assuage the fears of scientists. Conant’s
reaction was to draft a letter Oppenheimer could show the men he was trying
to enlist for service at Los Alamos. Signed by both Conant and Groves on
February 25, 1943, the letter stated the objective as the development and
manufacture of a secret instrument of war, “Projectile S-1-T.” The laboratory
would first undertake certain experimental studies in science, engineering, and
ordnance; then it would conduct some difficult large-scale trials involving
highly dangerous material. During the period of laboratory experiment,
organization would be strictly civilian. Personnel, procurement, and other
arrangements would proceed under a contract between the War Department
and the University of California. When the time for the final phase arrived
(not before January 1, 1944), the scientific and engineering staff would be
commissioned officers. This was necessary because of the inherent nazards
and the need for special conditions to maintain secrecy. Although the Army
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would offer commissions to many civilians employed during the first period,
no one obligated himself to become an officer.

The Conant-Groves letter explained that the laboratory was part of a
larger project which the President had placed in a special category and
had assigned the highest priority. General Groves had over-all executive
responsibility under a Military Policy Committee. Oppenheimer was account-
able for the scientific work. It was his duty to maintain strict secrecy among
the civilian personnel. In determining policies and courses of action, he would
be guided by the advice of his scientific staff. He was to keep Groves and
Conant informed. Conant was available at any time for consultation on policy
and research. Through him, the staff had complete access to the scientific
world.

Los Alamos would have a military post, but its function would be
ancillary to that of the laboratory. The commanding officer, who would re-
port directly to Groves, was to maintain suitable living conditions for civilian
personnel, prevent trespassing, and maintain what internal secrecy precautions
Oppenheimer considered necessary.?

The letter of February 25, which served as a sort of charter for Los
Alamos, seemed only a partial victory for the protesting scientists. It promised
a civilian laboratory for ten months—no more. Neither Bacher nor Rabi were
happy about final military control. Bacher answered the call to Los Alamos
with a letter of acceptance which he stated was also his resignation, eflective
the day the laboratory became a military installation. Rabi did not join the
staff but, pleased with the way the system worked in practice, he served as a
consultant. In the long run, the advocates of a civilian laboratory won a com-
plete victory. Groves never acted on the plans to militarize.

STARTING POINT

During the first three months of 1943, while contractors struggled to put the
most essential facilities in shape, Oppenheimer faced a tremendous admin-
istrative task. Recruiting topflight scientists was a mission he could not dele-
gate. To university, government, and private laboratories he went, trying to
convey the interest, urgency, and feasibility of the work at Los Alamos. Plan-
ning the laboratory was a duty he could share. On organization, buildings,
equipment, and all the countless details incident to creating a research center
in the middle of nowhere, John H. Manley, Robert Serber, Edward Teller,
and Edwin McMillan gave important help.

On March 15, Oppenheimer arrived at Santa Fe with a few members
of his staff. During the next two weeks, the team assembled. The hard core
was the fast-neutron group—{from California, Minnesota, Stanford, and Pur-
due. Princeton sent the largest contingent, released by the cancellation of the
isotron. California furnished the next largest increment and the Metallurgical
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Laboratory the third. Columbia, Iowa State, MIT, and the National Bureau
of Standards were among the other laboratories that lost valued workers to
Los Alamos.

Despite recruiting difficulties, the people were ready before the housing
on “the Hill.” Scientists and their families crowded together in dude ranches
near Santa Fe. Each day staff members had to reach the site over the miserable
road. They could not yet obtain food there. They could communicate with
the project office at Santa Fe only over a noisy Forest Service line. The labo-
ratories were unfinished. Even the most basic equipment was not ready, and
minor structural changes meant maddening delays. But soon the specialized
equipment for nuclear research began to arrive. From Princeton came three
carloads of apparatus, from Wisconsin two Van de Graaff generators, and
from Illinois a Cockcroft-Walton accelerator. Harvard contributed a cyclotron.
When the contractor laid the bottom pole piece of its magnet on April 14,
the physicists could feel that a laboratory actually was in the making.*

More important than equipment was the technical understanding the
assembling scientists brought with them. They knew that theory and experi-
ment had thrown considerable light on the properties of uranium 235, even
though important areas of uncertainty remained. Although they were aware
of the scant data on plutonium, the new element fired their hopes. A plutonium
bomb promised to require less metal, and it seemed possible to produce
plutonium more rapidly than uranium 235. The greatest gap in the staff’s
understanding was the nuclear explosion itself—its nature, the methods of
initiating it, and its destructive effect. Here Los Alamos had to rely entirely
on theory. Experiments had been impossible.

An explosive chain reaction depended on each fissioning nucleus
emitting a sufficient number of neutrons. Experiments with slow neutrons had
indicated that an average of 2.2 was to be expected from U-235. Physicists
considered this value essentially accurate, but they wanted to check it by
bombarding samples with the fast neutrons important in the bomb. For proof
that plutonium emitted neutrons, they would have to wait until a sample large
enough to permit measurements was available. However, deductions based on
the nuclear structure of element 94 led them to anticipate confidently that the
essential particles would be released and in sufficient number.

A second factor controlling inherent explosibility was the speed with
which the reaction developed. The critical measurement here was the time
elapsing between the collision of a neutron with a nucleus and the emission
of daughter neutrons. If this interval were not incredibly short—less than one
hundred-millionth of a second—the mass would blow itself apart and the
reaction would be quenched before the liberation of enough energy to make it
all worthwhile. Theoretical calculations indicated that neutron emission oc-
curred with sufficient speed, but no one had proved it experimentally.

Even if a favorable number of neutrons were released rapidly enough,
no chain reaction and no explosion could take place unless the piece of metal
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was so large that neutrons could not escape from its surface at a rate that
would thwart the breeding of successive generations. To determine this criti-
cal mass, Los Alamos would have to ascertain not only the number of neutrons
per fission and the density of the metal, but the details on the probable fate
of a neutron in a piece of uranium 235 or plutonium. Specifically, what were
the relative probabilities that a neutron would cause fission in a nucleus, be
absorbed without fission, or simply bounce off 7 In the latter case, what would
be the speed and distribution of the recoiling particles?

The physicists thought they could find ways to reduce the critical mass.
Possibly they could incorporate uranium 235 in some compound that would
facilitate the chain reaction. Perhaps they could surround the fissionable
material with a tamper, a case of some very dense substance that would re-
flect neutrons back into the active mass. Success for some such device seemed
especially important, for since the first of 1943, measurements at Minneapolis
and Madison had brought a doubling of the critical-mass estimates for U-235.
This threatened to force enlargement of the isotope-separation plants or to
delay the day when there would be enough metal for a bomb.

While dependable calculations of critical mass were fundamental, the
theoreticians saw that building a useful bomb called for a more sophisticated
concept, the effective mass. They recognized that good efficiency—Iliberating
an appreciable amount of the total energy before the reaction stopped——re-
quired using more than just enough metal for a chain reaction. The shape of
the metal was a factor, too, for the critical mass would be smallest when the
active material was spherical. Should it be necessary to depart from this
conformation, more than the theoretical critical mass would be required just
to attain a minimum effect. Sound decisions on how much metal each bomb
must contain demanded much work on basic nuclear constants, much theoriz-
ing.

Given a critical mass, the chain reaction would start. Physicists saw
that the active material would have to be kept in separate, subcritical pieces
until the moment an explosion was desired. Then the pieces would have to
come together almost instantaneously. But could this be accomplished quickly
enough? A stray neutron might set off a reaction during assembly—after a
critical mass had been attained, but before the optimum configuration had
been reached. An ineffective, wasteful fizzle would result. This possibility was
real, for neutrons were abundant. Enough were present in cosmic rays alone
to cause detonation in any supercritical mass within a fraction of a second.
Besides, neutrons were known to appear spontaneously in both uranium 235
and plutonium. The gravest danger lay in the fact that all fissionable materials
gave off alpha particles. Should these minute bodies collide with the nucleus
of some light element present as an impurity, neutrons would be emitted.
Should the impurities be too abundant, the number of neutrons would rule
out an explosion.

Two ways of countering the threat of predetonation came readily to
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mind. One was to purify the metal and thus reduce the neutron background.
The other was to bring the subcritical parts together so rapidly that the chance
of a premature reaction would narrow to the vanishing point. The best way of
accomplishing this lightning-like assembly seemed using an artillery field
piece to fire one less-than-critical part into another. The scientists were rea-
sonably certain that a gun would work for purified uranium 235. Indeed, they
thought its neutron background might become so low as to delay the moment
of detonation. To counter this possibility, they considered it necessary to de-
velop an initiator. Such a device—consisting, perhaps, of an alpha-emitter
and a light element like beryllium—would release a burst of neutrons when
the mass reached its most favorable shape. For plutonium, a very strong
alpha-emitter, the worries all lay in the direction of predetonation. The gun
would work for 94 only if fantastically high purity specifications could be
attained and only if the projectile could be fired at the extreme upper limits
of practical artillery velocities.

Thinking centered around the gun method of assembly for both metals.
Another alternative, however, offered some promise. Why not surround a
mass of metal suberitical in shape with a layer of high explosive in such a
way that when the charge detonated, it would burst inward and compress the
active material into a critical conformation? Unfortunately, this concept—
descriptively called implosion—was new, and no one knew much about its
theory and application.

Nor did anyone understand very well the effects of an atomic explo-
sion. The great difficulty was to know how to extrapolate available data on
small high-explosive bombs. Of course, one way of achieving immense de-
structive power was to develop a hydrogen bomb. The energy liberated by a
thermonuclear weapon would dwarf the power of a mere uranium or pluto-
nium device. A hydrogen bomb was no closer to reality than in July, 1942,
but careful calculations had set to rest fears that it might ignite the atmos-
phere. In any event, the super weapon depended on perfecting a nuclear bomb
to trigger it.™

PLANNING THE WORK

The first task was to block out the research needed to fill the great gaps and
uncertainties in the technical picture. A planning board began to meet at
Los Alamos on March 30, 1943. One of its first acts was to sanction a short
course of lectures to indoctrinate the scientific personnel. The talks, delivered
by Serber early in April, reviewed comprehensively the nuclear-physics
background. The planning group devoted the last half of the same month to a
series of conferences designed to complete the technical orientation and to
prepare a program of research. Three consultants imported for the occasion
took part. So did a reviewing committee appointed by Groves after a check
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with Oppenheimer. Headed by Warren K. Lewis, it was a distinguished group,
well versed in the problems that confronted the laboratory—Edwin L. Rose,
an ordnance specialist, John H. Van Vleck, a theoretical physicist, and
E. Bright Wilson, a Harvard chemist and explosives expert. Richard C. Tol-
man served as secretary. A physicist, Tolman had for some weeks been work-
ing with Conant as an adviser to Groves.

The conferees hammered out research schedules for the next few
months. Fermi, above all a great experimentalist, contributed substantially
to the plans for physical investigations. These had to center around tests to
confirm the explosive potential of uranium 235 and plutonium and to furnish
data for calculating their critical masses. As soon as samples were available,
as soon as equipment was operating, this work would have to be pressed to a
conclusion. One of the advantages expected for a special laboratory was better
co-ordination. To make sure this materialized, the planning board outlined
an auxiliary program to ascertain and standardize the best techniques of
measurement. As for chemical research, the board decided to direct it largely
to study of alpha-neutron reactions and the methods of analyzing, purifying,
and preparing active and tamper materials for experimental use.?

Supplementing the planning work at the April conferences was the
report Lewis’ reviewing committee submitted on May 10. The committee
found progress satisfactory, and it approved the preliminary experimental
schedule. The work in the offing, however, required considerable expansion
of personnel and facilities. For one thing, Los Alamos should take over the
purification of plutonium, since metal used experimentally at the site would
have to be repurified. The Los Alamos chemists might as well assume re-
sponsibility for the entire process. The committee stressed the importance
of metallurgy in preparing materials for fabrication. Since the methods used
should not impair purity but even contribute to it, the metallurgists should
work closely with the chemists. Perhaps the most important recommendation
was the call for an engineering division. The Lewis reviewers recognized that
detailed specifications of the final weapon were still distant, but they believed
that the scientists already had indicated sufficiently the questions demanding
answers. Engineering research was necessary for design selection and de-
velopment of safety, arming, firing, and detonating devices. Oppenheimer
had seen as early as March that ordnance engineering needed special empha-
sis. Now his views had support from men who saw the situation in all its
ramifications'*

Groves accepted the Lewis recommendations in substance, thus destroy-
ing the original concept of Los Alamos as a small physical laboratory. Purifi-
cation would require a considerable force of chemists, analysts, and helpers.
Metallurgy would involve still others, while engineering would demand at
least as many men as comprised the entire original staff. Had this expansion
been fully foreseen back in November, the choice might not have fallen on
that lonely New Mexican mesa.
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ORGANIZING THE LABORATORY

By the middle of the summer of 1943, laboratory organization was almost
complete. Four divisions were to share the technical work. Heading the
Theoretical Division was Hans A. Bethe. Born in Strassburg, Germany, in
1902, Bethe had joined the physics faculty at Cornell in 1935. Now an Ameri-
can citizen, he was fresh from the Radiation Laboratory at MIT. The Ex-
perimental Physics Division had Bacher as its chief. Three years the junior
of Bethe, he too came by way of Cornell and radar. Chemistry and Metallurgy
was led by Joseph W. Kennedy, an able young disciple of Glenn T. Seaborg.
Cyril S. Smith, an industrial scientist glad to escape irksome Washington duty
with the NDRC, had immediate responsibility for the division’s metallurgical
work. Partly because of Kennedy’s extreme youth—he was only twenty-six—
and partly because the chemical and metallurgical problems at Los Alamos
had so close a relation to those of the pile project, Groves and Conant per-
suaded Charles A. Thomas to co-ordinate the work at Los Alamos, Chicago,
Berkeley, and Ames. Thomas, who directed research for the Monsanto Chemi-
cal Company, had the industrial experience that the operations at Los Alamos
would require.’® Navy Captain William S. Parsons was in charge of the
fourth division, Ordnance, which would carry the engineering burden. Par-
sons had participated in the early development of radar, had served as staff
gunnery officer of a destroyer command, and had been experimental officer
at the Naval Proving Ground at Dahlgren, Virginia. Most recently, he had
seen duty as a special assistant to Bush on the combat use of the proximity
fuze.

Responsibility for over-all direction remained with Oppenheimer. His
primary duty was to make the technical program succeed, but there was a
discouraging mass of nontechnical administrative detail to claim his time.
It was important to order housekeeping arrangements so that they facilitated
research and development, but it hardly required the attention of a man whose
talents were needed in a larger sphere. Oppenheimer’s position became more
difficult when Edward U. Condon, who had been brought from the Westing-
house Research Laboratories to be associate director, clashed with the military
authorities and left the project. Recognizing that something would have to be
done, the Lewis committee recommended the establishment of an administra-
tive office under some competent individual reporting to Oppenheimer. It took
more than six months to find the right man, but in the meantime the most
urgent needs were met by special assistants who took charge of personnel,
construction, and liaison with the post administration. By July, 1944, this
arrangement had expanded into a competent staff which managed the non-
technical phases of administration.

For counsel, Oppenheimer could turn to a Governing Board consisting
of division leaders, general administrative officers, and persons who served
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important technical liaison functions. Though this body at first spent perhaps
two-thirds of its time on housing, construction, security, and personnel, its
main concern was the planning and conduct of the technical effort. It served
as a means for seeing the laboratory’s work as an entity and for relating it to
that in progress elsewhere under the aegis of the Manhattan District. It con-
sidered the data of the experimentalists and the calculations of the theoreti-
cians, translating these into specifications for the chemists, the metallurgists,
and the ordnance specialists. The Governing Board became more than an
advisory group. It functioned as a directorate in which Oppenheimer and his
principal staff members collaborated in making decisions.*

Two more organizations took shape in the first months at Los Alamos.
One was the Co-ordinating Council, which consisted essentially of group
leaders from the various divisions. It would keep the members of the labora-
tory informed of current developments, administrative and technical, and
provide communication between the staff and the Governing Board.*” The
other organization was the Colloquium. At the May 6 meeting of the Govern-
ing Board, Bethe suggested regular colloquia for the entire stafl once every
week or two. This idea met with favor, and weekly sessions began in June.
Oppenheimer led off at the first meeting with a comprehensive review.

The Colloquium was the antithesis of compartmentalization. It alarmed
General Groves. He could appreciate the value of having perhaps twenty or
thirty top scientists see the weapons work in the entire, but a wholesale drop-
ping of the barriers was quite another thing. When he spoke to Oppenheimer
about it, the physicist not only avowed his commitment to the policy but
defended its principle. Information should go, he argued, to anyone who
could work more effectively with it or maintain better security if he knew the
significance of his labors. But in deference to Groves’s views, Oppenheimer
restricted the number eligible to attend the Colloquium and established a
vouching procedure. It addition, he tried to maintain an academic tone in
the discussions and to avoid matters that, whatever their importance in other
ways, were of little scientific interest.”®

The concern over security touched off by the Colloquium went straight
to the top of the atomic energy project. On June 24, 1943, Groves raised
the issue with the Military Policy Committee. The committee decided that
Bush, if he found opportunity, should persuade the President to send Oppen-
heimer a letter emphasizing security. That very day, the President called
Bush in for lunch and questioned him closely on progress. Bush seized the
chance to suggest a letter, not just to Oppenheimer but to the other scientific
leaders as well. Roosevelt thought this an excellent idea. Two communications
from the White House were the result. One, drafted by Conant, went directly
to Oppenheimer for relaying to the scientists at Los Alamos. The other, es-
sentially the same, went to Groves with the request that he convey its contents
to the other project leaders. In both, Roosevelt stated that he had ordered
every precaution to insure security. He was certain that the scientists recog-
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nized the need for extraordinary restrictions. Coupling this polite injunction
with praise, he expressed his appreciation of the willingness to accept dangers
and personal sacrifices and his confidence that American science would be
equal to the challenge it faced.”

Compartmentalization always applied, quite logically, with greater
rigor against the interchange of information between sites than to discussions
between workers on different facets at any one installation. Groves adopted
this practice on security grounds but also because it kept the scientific leaders
concentrating on their own responsibilities. The Manhattan project was so
packed with scientific interest that he found compartmentalization a useful
device for preventing men like Lawrence, Compton, and Oppenheimer from
“frittering from one thing to another.” *

Since, however, Los Alamos was to fashion the output of Clinton and
Hanford into a weapon, a certain amount of liaison was necessary, particu-
larly in the case of plutonium, if the job was to be done on time. Groves
spelled out rules for exchanging information between Chicago and Los
Alamos on June 17, 1943, just at the time of the Colloquium crisis. He in.
formed Compton and Oppenheimer that the only justifiable purpose for
interchange was to benefit the work at both laboratories. So imperative
were the demands of military security that some information, even though
it might further the work, was not subject to intersite transfer. In this cate-
gory lay certain kinds of data on production piles, weapons, and time sched-
ules. All contact was to be between authorized persons by specified procedures,
though there was provision for any changes that time proved warranted.
The contact authorized with Oak Ridge was even less extensive. In October,
1943, Oppenheimer asked Groves for permission to detail someone from the
Los Alamos staff to report on the pile and the electromagnetic plant. Since
operations would start at both facilities before long, and since the rate of
production would determine much of the schedule at Los Alamos, it was
important to have good information. No amount of paper estimates, he
argued, could replace first-hand reports on actual operating conditions and
prospects. This led to an arrangement the next month under which Oppen-
heimer himself visited the Tennessee plants. His visit served the purpose, and
by the spring of 1944, when the flow of fissionable material actually started,
scheduling difficulties became less bothersome.*

Scientists tended to criticize the restrictions on intersite liaison. In
practice, the limitations were less severe than on paper, for when workers
transferred to Los Alamos from other laboratories, they carried with them
their accumulated information and experience. Wartime leadership had to
strike a balance between speed and security. Criticism from both extremes
was to be expected, but the procedures for exchanging information between
the sites were understandable in view of the relaxation of the customary bar-
riers at Los Alamos.
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DETERMINING THE NUCLEAR SPECIFICATIONS

Once the details of staffing and organizing were in hand, at least for a time,
and the rudiments of a laboratory were in place, the real labors could begin.
Priority went to the fission bomb, not the super, as the hydrogen weapon was
dubbed cryptically and familiarly. Nevertheless, a small group of physicists
continued to investigate the super. They could do much, particularly the first
year, without interfering with the main chance. When the unknowns were still
so great that it was difficult to predict what might be useful, it seemed worth-
while to explore. Earl A. Long, a chemist from the University of Missouri, set
up a cryogenic laboratory and studied the liquefaction of deuterium. The
Ohio State University accepted a subcontract to investigate the properties of
the liquid. By February, 1944, the theoreticians had concluded that heating
deuterium to its ignition temperature would be more difficult than anticipated.
To find a way would take so much time that they no longer could consider
the hydrogen weapon a possibility for the war. Oppenheimer restricted the
work, though he did not drop it completely. As Tolman reported to Groves,
“super cannot be completely forgotten if we take seriously our responsibilities
for the permanent defense of the U. 5. A.” #

The logical start for work on the fission bomb was to remove the
remaining uncertainty about intrinsic explosibility. This was a matter of
particular concern in the case of plutonium, for despite the enormous con-
struction effort under way by the summer of 1943, it had not been established
that plutonium emitted neutrons on fission. In July, John H. Williams’ Electro-
static Generator Group conducted the first nuclear experiments at Los Alamos
on a sample of less than 200 micrograms which Seaborg had brought from
Chicago on the Santa Fe in his suitcase. Measurements by different methods
indicated not only that neutrons indeed were emitted, but that their number
was greater than in uranium. While the promoters of plutonium had been
sanguine all along, it was comforting to see theory confirmed in the labora-
tory. Another result contributing to peace of mind came in November, when
Robert R. Wilson’s Cyclotron Group established that most of the neutrons
from uranium 235 were emitted in less than one-billionth of a second. This
provided ample margin for a weapon of good efficiency. Now there could be
little doubt that a bomb was feasible.?

With practicality confirmed from the standpoint of basic physics, it
was necessary to set precisely the nuclear specifications for each type of
weapon, First, an estimate had to be made of the amount of active material
that would be required. This information was vital to those responsible for
planning the production plants and for estimating when the bomb might be
used against the enemy. Next, those who were to design the weapon itself
needed information on the sizes and shapes of the active parts and on the
velocities at which they would have to be assembled. These factors also de-
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termined the external conformation of the bomb, a set of dimensions needed
to select the type of airplane to be used for delivery and to plan any bomb-
bay modifications that might be necessary.

Determining nuclear specifications was a job for the experimental
physicists. One of their most valuable findings came in December, 1943, in
connection with studies of uranium spontaneous-fission rates. Emilio Segré
obtained results on natural uranium in reasonable agreement with those he
had derived at Berkeley, but in the case of uranium 235, the number of fis-
sions recorded at Los Alamos was much higher. This was encouraging, not
alarming. The only possible explanation for the increased activity in the
lighter isotope was neutrons from cosmic rays, which were more intense at
Los Alamos, 7,300 feet above the sea. The phenomenon had been concealed in
natural uranium because cosmic-ray neutrons were too slow to cause fission
in 238. Now it was clear that much of what had been thought spontaneous
fission was attributable to another source. This simplified the construction of
a uranium bomb. Find some way to screen out the cosmic rays, and you could
reduce materially the velocities required for assembly.*

Measuring cross sections was the most laborious of the tasks that fell
to Bacher and his lieutenants—Williams, Manley, Segré, and Wilson. Cal-
culations of critical mass and efficiency depended on the probabilities for
fission, capture, and scattering. It took an incredible amount of effort to de-
termine these. Since a small difference in neutron energy sometimes meant
a large difference in cross section, dependable values had to be ascertained
for all the energies at which there were appreciable numbers of fission neu-
trons.

Indispensable to such measurements was the ability to produce neu-
trons of known energies. Ingeniously, the experimenters perfected the tech-
niques of bombarding light-element targets with particles from their ac-
celerators—the cyclotron, the Van de Graafls, and the Cockcroft-Walton. They
developed photoneutron sources, in which a deuterium compound or beryl-
lium exposed to gamma rays liberated neutrons. Before they were through,
the Los Alamos physicists could obtain fairly well-defined velocities over the
whole energy spectrum up to 3,000,000 electron volts. Just as important was
instrumentation for detecting the reactions and recording the results. The
principal method was to count pulses in an ionization chamber. Since neu-
trons themselves did not produce much ionization, it was necessary to depend
on the ions yielded by secondary particles. An electric current moved these
to collecting electrodes, where they registered minute electrical pulses which
then had to be amplified and fed into a counter. Because the frequency of
the pulses was too high for recording by mechanical means, they had to be
consolidated by an electronic device to a rate within the capability of the
counting equipment. Under the leadership of Darol K. Froman, Hans H.
Staub, and Bruno B. Rossi, much resourceful work was done in this area made
so difficult by the scale and speed of the processes.
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By the winter of 1943—44, the physicists had accumulated a substantial
amount of helpful data. The first results on fission cross sections were com-
parative, for it was easy to expose uranium 235 and plutonium foils of known
masses to the same neutron flow and to measure the relative reaction. At the
outset, absolute values for even uranium 235 were in question, but as the
techniques of producing neutrons of known speed advanced, it was possible
to achieve reliable measurements at numerous points across the energy spec-
trum, Capture cross-section measurements yielded essential information on the
characteristics of the fissionable substances and of the materials that might
be employed in the tamper or other parts of the bomb assembly. One very
encouraging outgrowth of this work was a strong indication that more
neutrons might be emitted when high-energy neutrons caused fission. The
Experimental Division also pursued studies of scattering phenomena. Since
it was important to select the tamper material early, the first investigations
were to determine the capacity of possible materials for reflecting neutrons
back into the core. Later, when back-scattering measurements were complete
for a large number of substances, the physicists concluded that neutrons which
scattered inelastically—which recoiled with lessened energy after colliding
with nuclei-—would play a more appreciable role in the explosive chain reac-
tion than they at first had believed. This led Bacher to set up experiments to
study scattering as a function of neutron energy.”

The data provided by the experimental physicists were fundamental,
but it remained for Bethe and his theoreticians—Teller, Serber, Victor F.
Weisskopf, Richard P. Feynman, and Donald A. Flanders—to set the nuclear
specifications for a bomb. Here their most difficult task was to understand
the diffusion of neutrons in a mass. They could write an integral equation
which would take account of the variations in neutron speed, the dependence
of the scattering and fission cross sections on velocity, and the anisotropic
nature of scattering. If they could solve it, they would know the exact neutron
distribution. They could derive an answer of sorts by assuming that the dif-
fusion of neutrons was analogous to the diffusion of heat, but this was highly
inaccurate. While the equation as it stood had no exact solution, the theoreti-
cal physicists obtained better results by postulating certain restrictive con-
ditions—single-velocity neutrons, no energy loss from collisions with nuclei
in core and tamper, and isotropic scattering. Another responsibility of the
Theoretical Division was efficiency calculations. This was infinitely complex,
for the theory of efliciency required following the life histories of neutrons in
a mass of fissionable and tamper material while it was being transformed in
the unbelievable speed of the explosive reaction.?

By the summer of 1944, substantially more was known about the nu-
clear characteristics of a bomb than twelve months before. Experiments had
shown that a tamper was the best method of reducing the mass and had indi-
cated the most suitable materials from which to fashion it. Though detailed
investigation of damage and other effects of a nuclear explosion had not
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progressed far, confidence prevailed that the destructive effect would be great
enough to justify the effort.””

Just how much fissionable material would be needed for an effective
weapon continued a matter of considerable uncertainty. On February 4, 1944,
General Groves reported to the President that the amount was unknown and
must remain so until Los Alamos had enough for physical measurements.
Meanwhile, research was constantly changing the estimates. At the moment, it
appeared that an efficient bomb would require from eight to eighty kilograms
of uranium 235. Though the General did not mention plutonium, it was always
assumed that less of that metal would be necessary. In June, after a visit to
Los Alamos, Groves made estimates to the Military Policy Commiitee that
lowered the maximums considerably—so much so that some present con-
sidered him too optimistic. Actually, the fairly wide range of his forecasts
reflected not the inability of the scientists at Los Alamos to make reasonably
close estimates but rather their doubts about the method of assembly. If
they could make implosion work, the amount of active material required
would be quite small. They knew enough about the nuclear requirements of a
uranium 235 gun weapon in March to state its specifications with some
assurance. Unfortunately, this type of bomb, inherently wasteful, would need
comparatively large quantities of the precious metal. The more uranium it
took, the longer the time before it was ready. To the men responsible for
decision, men who saw completed weapons in terms of national security and
the lives of fighting men, it was important to know how small a quantity of
fissionable material would be effective and when. The physicists had furnished
specifications for one type of weapon. The spread in the estimates was pri-
marily a reflection of the desire to achieve a bomb more quickly.”

CHEMISTRY AND METALLURGY

While the physicists were seeking to determine the size and shape of a bomb,
Kennedy’s men, reinforced by the microchemical and micrometallurgical
studies of Seaborg’s researchers at Chicago, were hard at work on techniques
of processing active and tamper materials. There were two major tasks here:
purifying the output of Clinton and Hanford and reducing it to metal. Puri-
fication was the most difficult operation as well as the most crucial, for on it
rested the hope of coping with the predetonation menace.

The purity requirements for uranium, only one-third as rigorous as for
plutonium, caused little concern. As a consequence, the chemists did not
work intensively on uranium until December, 1943. Even then, it was plu-
tonium that called forth their efforts. With gram amounts from the Clinton
pile expected to arrive in two or three months, it seemed wise to curtail
the exacting microchemical studies of plutonium purification then in progress
and to gain experience with a uranium stand-in. The resulting investigations,
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done to plutonium rather than uranium standards, threw light on several
methods, all based on a series of wet and dry chemistry steps. Gradually,
the chemists acquired information and experience against the time when
large-scale operations would be the order of the day.

Intensive direct work on plutonium became possible in the late winter
and spring of 1944, when significant quantities began to arrive from Clinton.
This product, as well as that which came later from Hanford, was a viscous
mixture of decontaminated and partially purified nitrates. Like uranium, it
had first to go through a wet process. The chemists investigated many pro-
cedures and by July, 1944, had this stretch of the road to purity in good
shape. They had settled on a series of precipitations dependent on oxida-
tion states, an ether extraction step, and then a final precipitation. Summer
also saw the erection of apparatus on a one- and eight-gram scale, completely
enclosed to guard against the extreme toxicity of plutonium. Thus, the chem-
ists had completed a large part of their assignment. The dry process, neces-
sary for final purification, was still in its formative stage, but confidence ran
high.

Reducing uranium 235 and plutonium to metal was in itself an ardu-
ous task. The Los Alamos metallurgists investigated electrolytic and centrifu-
gal methods but finally settled on a stationary-bomb technique similar to that
developed for natural uranium at Iowa State. Though the two processes were
basically the same, the work at the weapons laboratory had its peculiar fea-
tures. Since plutonium was so reactive a material, it was difficult to find suit-
able crucibles and liners. Smith and his men had to devote an appalling
amount of time to finding refractory materials that would not introduce con-
taminants. During the summer of 1944, cerium sulphide, which the chemistry
group at Berkeley had studied, seemed best. It had, however, a weakness—
susceptibility to thermal shock. Another difficulty unique to Los Alamos was
the high degree of metal recovery required in handling the precious uranium
235 and plutonium. A major step toward achieving close to 100-per-cent re-
covery was the discovery that an iodine booster increased significantly the
heat attainable in the reduction bomb.

Once significant quantities of plutonium metal became available in
April, 1944, the metallurgists could begin studying its physical properties.
There was confusion here, for samples of different densities had been de-
tected earlier at the Metallurgical Laboratory. For a while, the presence of
slightly different alloys appeared responsible, but Los Alamos soon estab-
lished that the real explanation for the inconsistent data was that plutonium
existed in varying allotropic forms—forms with different crystalline struc-
tures and other distinguishing characteristics. Shortly, two such states were
identified, but it took some time fully to appreciate the complexity of the
gituation and the trouble it would cause.”® In June, 1944, the chemistry and
metallurgy situation looked good. On the thirteenth, Charles A. Thomas sent
Groves and Conant a report that exuded confidence. Groves was so encour-
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aged that he reported to the Military Policy Committee that progress was
“quite satisfactory and fully up to expectations.” It seemed that one of the
major objectives, pure plutonium, had been all but attained.*

PROBLEMS OF ASSEMBLY

One of the first decisions at Los Alamos was what emphasis to give the vari-
ous methods of assembling a supercritical mass. At the April, 1943, confer-
ences, Seth H. Neddermeyer, a CIT physicist, offered specific proposals for
developing implosion. Though convinced by theoretical analysis of its su-
periority, he was unable to convey his enthusiasm to others. This was not
surprising, for to depend on implosion meant proceeding in an area where
there was no experience and where many unforeseen and perhaps insoluble
difficulties were sure to arise. The gun method was a much better risk. Men
had been manufacturing and firing artillery for centuries. A vast accumula-
tion of ordnance data was at hand, and the experienced craftsmen in the na-
tion’s arsenals needed only orders and blueprints to turn to their lathes. Not
surprisingly, priority went to the gun. It alone seemed sound enough to jus-
tify proving and engineering. The laboratory did not ignore implosion, but it
did not support studies at a level commensurate with the obstacles to be sur-
mounted. Captain Parsons, an experienced gunnery officer, maintained that
implosion would never be reliable enough for field use. For several months,
the faith of Neddermeyer alone kept this novel approach alive.*

To put the gun program in motion, it was necessary to acquire some
cannon for testing. Despite the many unknowns, bold guesses made it possible
to formulate specifications for two howitzers, one for a uranium bomb and the
other for a plutonium weapon. The performance requested was in the range of
standard ballistic practice, but some requirements were outside previous ex-
perience. One of these was tubes of unusually light weight. This was at odds
with the demand for high velocities, but Edwin L. Rose, who had been intro-
duced to Los Alamos as a member of Lewis’ reviewing committee, made a
number of suggestions that indicated success for a gun built to fire very close
to the limit of its strength. Most important, designers did not have to worry
about durability. They did not have to plan a field piece rugged enough to be
safe after hundreds of firings in battle. They only needed a gun that would
hold together for one shot.

Since the predetonation phenomenon imposed an extiremely high ve-
locity on the plutonium gun, the laboratory decided to concentrate first on
that type. If the staff could make a plutonium gun work, a uranium model
would be simple. No time was lost. Tolman procured data through his NDRC
connections. The Naval Gun Design Section went into action. Forgings were
ordered in September, 1943, and not long after, the Naval Gun Factory in
Washington, D. C., took up the task of fabrication.*
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While the guns were being manufactured, Los Alamos made arrange-
ments for testing them. The laboratory sought out additional workers and
equipped a proving ground. In September, the Ordnance Division began test
firing with a naval anti-aircraft gun. This permitted the researchers to try the
behavior of various propellants and to perfect their methods of observing and
recording. The work moved forward quickly after March, 1944, when the
first two plutonium guns arrived. McMillan, deputy for Parsons on the gun,
led studies of propellants, pressures, strains, and velocities. By early July, he
had established conclusively the soundness of the design. The testing crews
had been able to deform the tube only by running the breech pressure far be-
yond the requirements.

Meanwhile, reports from the physicists on the nuclear qualities of
uranium permitted setting specifications for a uranium gun that were con-
siderably less exacting than the original. In March, 1944, Ordnance requisi-
tioned two such units from the Naval Gun Factory. With the requirements
relaxed, there was even less concern than before.*

Implosion research began immediately after the April, 1943, confer-
ences, when Neddermeyer visited the Navy’s Explosives Research Laboratory
at Bruceton, Pennsylvania, to familiarize himself with the techniques of
studying high explosives. Back at Los Alamos, he celebrated the Fourth of
July by beginning tests in an arroyo in the mesa just south of the laboratory.
His procedure was to detonate masses of tamped TNT packed around steel of
various shapes. Since the only way of analyzing the results w