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East Tennesseans celebrate the end of World
War Il. Fifty years ago, Oak Ridge National
Laboratory was established, as part of the top-
secret Manhattan Project, to develop a way to
produce explosives for the atomic bomb. Using
the Graphite Reactor (shown in inset on the back
cover), the Laboratory succeeded in its original
mission and helped hasten the end of the war.
Since then, as chronicled in this history, the
Laboratory (shown in its present form on the
back cover) pioneered the development of
nuclear reactors for peaceful purposes and
achieved distinction through its contributions to
the basic physical and life sciences, medical
diagnosis and treatment, energy and
environmental research, and technology
transter. Photograph by J. E. Westcott
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In observation of the 50th anniversary of Oak Ridge National
Laboratory. this special double issue of the Review contains a
history of the Laboratory complete with photographs, drawings, and
short accompanying articles by various contributors. Coincidentally,
with the publication of this issue. the Review also observes an
important anniversary—its 25th.

This history was researched and co-written by Leland Johnson
and Daniel Schaffer. Johnson is a freelance writer and former
historian for the Army Corps of Engineers. Schaffer is editor-in-
chief of Forum for Applied Research and Public Policy. a joint
publication of the University of Tennessee Energy. Environment,
and Resources Center and ORNL.

We owe many thanks to ORNL’s 50th Year Celebration
Committee. headed by Don Trauger, for coordinating the production
of this history. The committee compiled names of persons to be
interviewed: recruited and hired the writers under contract; solicited
help from the Review staff in writing. editing. procuring
photographs for, and coordinating the design of the document; and
coordinated the review and revision of the document to ensure its
accuracy. Members of the committee heavily involved with the
history were Trauger, Stanley Auerbach, Deborah Barnes, Waldo
Cohn, Charles Coutant, Joanne Gailar, Ellison Taylor, Mike
Wilkinson, and Alex Zucker. We also are grateful for the guidance
of the other distinguished reviewers. especially former ORNL
Director Alvin Weinberg.

Because of space limitations and the need to ensure the
readability of the narrative, the names of many talented scientists,
engineers, and support staff who made important contributions have
been omitted. Thousands of people are responsible for the
achievements that have made ORNL an internationally renowned
institution—especially in energy technologies, studies of
environmental impacts, isotope production, materials developments,
and basic physical and life sciences—and all should be proud of
our past accomplishments. ORNL has contributed numerous
important papers to the scientific literature, and many of the ideas.
recommendations. discoveries, and inventions of its award-winning
statf members have been woven into the intellectual and economic
tabric of society. Happy birthday, Oak Ridge National Laboratory!

—Carolyn Krause

If you have changed your address and want to remain on the mailing list, please
notify the editorial otfice.
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I. I. Rabi, another prominent member of the GAC,
tried to persuade the scientists of ORNL to move,
en masse; to the newly formed Brookhaven
National Laboratory. So, ever since it was founded,
ORNL's survival has been an overriding concern.

But, in a sense, survival is the overriding
concern of all organizations, profit or nonprofit.
That the weapons laboratories during these 50
years have not had this worry has not saved them
from confronting their survival now that peace has
broken out. The question is, therefore, not, “Is
survival your mission?”; the question is, “Have
you accomplished ‘great things’ that transcend the
obvious, and ever-present, issue of survival?”

To record ORNL’s transition from wartime
pilot plant to national sociotechnical institute and
to interpret its many achievements that transcend
mere survival is the task accomplished so well by
historians Leland Johnson and Daniel Schaffer in
Oak Ridge National Laboratory: The First Fifty
Years.

“Gray:eagles” such as myself who were present
at the creation of the laboratory are falling off, one
by one. With each of our deaths another bit of
organizational memory disappears. Yet this
memory is an important element of organizational

86-inch cyclotron
completed, with
world's most intense
proton beams

morale. By knowing and understanding how
ORNL overcame challenges to its very existence,
and how it eventually achieved greatness should
serve to inspire the new generation of Laboratory
employees. For this accomplishment, the new
generations, as well as the gray eagles, must be
grateful to the authors of this splendid history of

ORNL.

—Alvin M. Weinberg
ORNL Director (1955-1973)
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This history of the first 50 years of Oak Ridge
National Laboratory was prepared to com-
memorate the institution’s golden anniversary in
1993. The Laboratory’s 50th Year Celebration
Committee provided direction and resources for
the study, and we are grateful to its members for
their guidance and encouragement. Don Trauger
chaired the committee composed of Ed Aebischer,
Bill Alexander, Darryl Armstrong, Stanley
Auerbach, Deborah Barnes, Waldo Cohn, Charles
Coutant, Joanne Gailar, Carolyn Krause, Charles
Kuykendall, Ellison Taylor, Mike Wilkinson, and
Alex Zucker—all current or retired Laboratory
employees. Anne Calhoun, Kim Pepper, Barbara
Baker, and Nancy Holcombe, also Laboratory
staff members, coordinated the committee’s work.

Our exploration of historical sources was
facilitated by Martin Marietta Energy Systems
librarians Mary Alexander, Gabrielle Boudreaux,
Deborah Cole, Bob Conrad, Nancy Gray, Dianne
Griffith, Kendra Jones, Bill Myers, Vicki
Punsalan, and Deborah York; by Linda Cabage,
Ray Evans, and Lynn Rodems, all of the Energy
Systems Office of Public Affairs; by Becky
Lawson, Lowell Langford (formerly of ORNL),
Linda Crews, Shirlene Rudder, Marie Swenson,

Yvonne Leffew, Shirley Adcock, Betty Clack, and
Virginia Norman, all of Laboratory Records; by
Carolyn Krause, Jim Pearce, and Bill Cabage, all
of the Publications Division; and by photographer
Frank Hoffman (retired) and his assistant Anna
Conover, now of the Analysas Corporation. The
authors appreciate their kind assistance.
For making available the resources of the
Children’s Museum of Oak Ridge, we owe special
_ thanks to Jane Alderfer, Jim Overholt, and Selma
Shapiro. Research assistants Susan Schexnayder,
Cathy Shires, and Edythe Quinn provided
invaluable insights into the voluminous materials,
and administrative assistant Becky Robinson
helped keep the information in order once it was
collected. Marilyn Morgan, a graduate student in
the University of Tennessee’s English department
and a Review intern, helped review the manuscript
and wrote several sidebars, and Carolyn Krause, in
addition to her work on Trauger’s committee,
helped write many of the sidebars, and, with Jim
Pearce and Mike Aaron, edited the manuscript, and
coordinated the work of the electronic publishers
and layout artists.
For enlightenment and inspiring ideas, we are
indebted to Laura Fermi, Richard Fox, Milton
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Lietzke, Herbert MacPherson, Herbert Pomerance,
Herman Postma, Raymond Stoughton, Chet
Thornton, Elaine Trauger. Alvin Trivelpiece,
Alvin Weinberg, and a host of Laboratory
personnel who took time from their busy
schedules for both formal interviews and informal
chats that broadened our understanding of the
Laboratory’s past. For the many fine photographs
used here, we especially thank Ed Westcott, Frank
Hoffman, and Bill Norris.

Astrophysicists tell us the space-time
continuum and the behavior of light prevent us
from seeing a true image of the present. Like it or
not, these physicists say, only the past provides a
clear portrait of our lives and behavior—a con-
clusion that historians are more than eager to
share.

Unlike physicists and other scientists, however,
historians and writers live in a world of changing
human perceptions and behavior, not in a world of
immutable natural laws and fixed physical
phenomena. For these reasons, what follows
should be considered a history, not the history, of
Oak Ridge National Laboratory. Except for rare
instances (for example, the day that the Graphite
Reactor went critical), people will disagree about

ORNL studies
moon rocks  World's first
successful
ORNL studies freezing,

environmental thawing, and

the relative importance of specific Laboratory
accomplishments and the relative contributions of
various Laboratory staff members. Problems of
assessment and attribution, moreover, are
compounded by problems of space, time, and
memory. For the writers, space limitations
required selecting for discussion only a few of the
Laboratory's many significant achievements.
projects, and programs. For readers, 50 years of
history dims memories and may place at odds
what actually happened with what participants
now think happened.

Despite these inevitable limitations, we hope this
presentation of Oak Ridge National Laboratory’s
past will be conducive to a better understanding of
its present, serving both as a guidepost for the
Laboratory’s strengths and a road map for its future
endeavors. We also hope that readers, through these
pages, are able to share some of the joy, excitement,
and pride that have accompanied the Laboratory
staff’s journey of discovery.

—Leland Johnson and Daniel Schaffer
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initiatives responsive to national needs. By its 50th
anniversary, Oak Ridge National Laboratory had
emerged as a leading global research center for
issues related to energy, environment. and basic
science and technology.

Currently employing about 4500 people. the
Laboratory’s research agenda ranges from global
warming to energy conservation to high-
temperature superconductivity to ozone-safe
substitutes for chlorofluorocarbons. It is committed
to improving nattonal science education and to
speeding the transfer of its technological
developments to the commercial marketplace.

Since 1943, scientists and technicians at Qak
Ridge National Laboratory have confronted issues
vital to human life and its environment. Established
to create nuclear weapons of unprecedented
destructive power, the supreme paradox of its
history is its subsequent contributions to improving
energy production and use, the environment, health,
and the economy. Millions of people have benefited
from the results of the Laboratory s isotope
production and research and development activities.

Examples of applications of ORNL efforts are
isotopes and instruments for medical diagnosis and
treatment: ultrapure vaccines that have minimal side
effects; regulations to protect human health and

First DOE cooperative research
and development agreement signed
using ORNL expertise

Zachary Taylor's remains analyzed
for arsenic using neutrons at HFIR

safety: bone marrow transplants for radiation
accident victims; higher-quality meat resulting
from use of the technology to freeze. thaw and
implant embryos from superior animals; nuclear
reactors that supply one-fifth of U.S. electricity: a
more powerful U.S. Navy: energy-efficient
refrigerators, hot-water heaters, and other
appliances; and stronger alloys and ceramics for
use at high temperatures.

During the next 50 years, the Laboratory is
likely to expand its agenda to encompass the full
array of scientific and technical issues facing the
nation and world. In the process, it will further
enhance its role as a national laboratory in service
to America’s—and the world's—scientific and
technical needs. The Laboratory, in short, has a
history worth remembering and a future worth
watching.

—Alvin Trivelpiece
ORNL Director
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THE VICE PRESIDENT
WASHINGTON
August 19, 1993

Dr. Alvin W. Trivelpiece
Director

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831

Dear Dr. Trivelpiece:

I am pleased to have this opportunity to congratulate the
Oak Ridge National Laboratory (ORNL) on its 50th Anniversary.
Certainly, every American can take pride in what has been
accomplished there during the past half-century.

As a Tennessean, I grew up hearing the stories about the
top-secret Manhattan Project and the essential role that ORNL
played in bringing World War II to an end. Later, I learned how
the operations at Oak Ridge evolved beyond that first, urgent
mission to meet the nation’s changing needs and priorities.
Among the challenges tackled at ORNL have been conservation and
renewable enerqgy, cancer detection and treatment, advanced
materials for the automotive and aerospace industries, techniques
for cleaning up hazardous and radiocactive wastes, and a greater
understanding of environmental processes both microscopic and
global in scale.

Such issues require the best minds, sophisticated equipment,
a desire to make new discoveries, and a commitment to excellence.
ORNL long has been famous for all of these qualities. For this
reason, I expect the United States to continue to look to Oak
Ridge for answers to the scientific and technological challenges
of the next 50 years.

Sincerely,

Al Gore

AG/wem
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WARTIME LABORATORY

Modern map of the Oak Ridge vicinity shows the K-25, Y-12, and X-10 (Ol

The history of Oak Ridge National Laboratory
begins in three distinctly different places: Albert
Einstein’s retreat on Long Island, New York; the
executive offices of the White House in Washington,
D.C,; and university laboratories throughout the nation
and overseas, especially at the University of Chicago.

At its highest level, the scientific community is
international in scope. As fascist dictators seized
power in Europe during the 1930s, some of the
continent’s greatest scientists fled to join colleagues
in Britain and America. Among them were the
German, Albert Einstein; the Italian, Enrico Fermi;
and Hungarians, Edward Teller, Leo Szilard, John
von Neumann, and Eugene Wigner.

These brilliant minds joined cooperative
international efforts to develop atomic weapons and,
later, nuclear energy, significantly influencing 20th-
century history in general and the history of Oak
Ridge National Laboratory in particular. Eugene
Wigner, in fact, has been called the “patron saint” of
the Laboratory.

Eugene Wigner, a pioneering chemical engineer
and physicist from Budapest, may have been the
least known of the immigrant scientists. Completing

L) sites.

a chemical engineering degree in Berlin in 1925,
Wigner took a job at a Budapest tannery where his
father also worked. Physics was his evening and
weekend hobby. His friend John von Neumann
called his atten 1 to mathematical group theory,
and Wigner soon published a series of technical
papers that applied symmetry principles to problems
of quantum mechanics. After two years at the
tannery, he accepted an assistantship in theoretical
physics in Berlin at the princely salary of $32 per
month.

In Berlin, Wigner established an international
reputation as a physicist, and in 1930 Princeton
University hired both him and von Neumann, each
on a half-time basis. For a few years, the two friends
commuted every six months between Berlin and
Princeton until the Nazi government terminated
their employment.

Wigner then went to the University of Wisconsin
to work. There he devised a fundamental formula that
enabled scientists to understand a neutron’s energy
variations when channeled through materials having
different absorption capabilities. At Wisconsin, he
also discovered a university life that reached beyond
academic circles to plain people who grew potatoes
and milked cows, and he met scientists who repaired
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WARTIME LABORATORY

Szilard later recalled that “*suddenly Wigner, the
most polite of us, interrupted him. He said in his
high-pitched voice that it was very interesting for
him to hear this, and if this is correct, perhaps one
should take a second look at the budget of the
Army, and maybe the budget should be cut.” The
officer glared in silence at Wigner, and the
committee agreed to provide funds for the
experiment.

This first $6000 of federal funding for nuclear
energy research launched a vast, multibillion-dollar
program that has continued unabated under the
successive management of the U.S. Army, Atomic
Energy Commission. Energy Research and
Development Administration, and Department of
Energy. The program has had direct and lasting
ties to atomic research, development, and
production sites across the United States, including
Oak Ridge.

The initial funds for the uranium and graphite
experiments, however, were not released until late
1940. Wigner became increasingly exasperated as
the irreplaceable months passed. After the war, he
contended that the delay, largely the result of
bureaucratic footdragging, cost many lives and
billions of dollars.

American scientists, nevertheless, made vital
advances in the interim. At Columbia University, in
March 1940, John Dunning and his colleagues
demonstrated that fission occurred more readily in
the isotope uranium-235 than in uranium-238, but
only one of 140 uranium atoms was the 235 isotope.
Using cyclotrons at the University of California.
in 1940 Edwin McMillan and Philip Abelson
discovered element 93, the first element heavier than
uranium, atomic number 92. They named this
transuranium element neptunium. A year later,
Glenn Seaborg and colleagues discovered element
94 (the decay product of the newly synthesized
number 93), named it plutonium (in the planetary
sequence Uranus, Neptune, Pluto), and demonstrated
its fissionability. Two doors to atomic weapons and
energy thus were opened for future exploration:
uranium-235 could be separated from uranium-238
for weapons use, and uranium-238 could be
bombarded with neutrons—in a nuclear pile or
reactor—to produce plutonium: *  could then be
chemically extracted for weapons production.

The day after the Japanese attacked Pear]
Harbor, Arthur Compton, a Nobel laureate at the
University of Chicago, contacted Eugene Wigner to
discuss the possibility of consolidating nationwide
plutonium research efforts in Chicago. At meetings
in January 1942, Compton brought together
scientists experimenting with nuclear chain
reactions at Princeton and Columbia universities
with those investigating plutonium chemistry at the
University of Ca.  rnia to outline the plutonium
project’s objectives. Compton’s schedule called for
determining the feasibility of a nuclear chain
reaction by July 1942, achieving the first self-
sustaining chain reaction by January 1943,
extracting the fir plutonium from irradiated
uranium-238 by January 1944, and producing the
first atomic bomb by January 1945. In the end, all
these deadlines were met except the last, which
occurred six mo s later than planned.

To accomplish these objectives, Compton formed
a “Metallurgical Laboratory™ as cover at the
University of Chicago and brought scientists from the
east and west coasts to this central location to develop
chain-reacting “piles” for plutonium production,
devise methods for extracting plutonium from the
irradiated uranium, and design a weapon. Remaining
in charge of the overall project, Compton selected
Richard Doan as director of the Metallurgical
Laboratory. An Indiana native, Doan had earned a
physics degree from the University of Chicago in
1926 and had been a researcher for Western Electric
and Phillips Petroleum before the war.

Compton also placed Glenn Seaborg in charge of
the research on plutonium chemistry and
assigned him the task of devising methods to
separate plutonium from irradiated uranium in
quantities sufficient for bomb production. To
coordinate the theoretical and experimental phases
of research associated with a chain reaction,
Compton chose Eugene Wigner, Enrico Fermi, and
Samuel Allison. Fermi continued his experiments
with ever-larger piles of uranium and graphite,
while Samuel Allison directed a cyclotron group,
including Canadian Arthur Snell, who assessed
nuclear activities in uranium and graphite piles.
Wigner and Snell later joined the X-10 staff.
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WARTIME LABORATORY

under pressure. Szilard favored a liquid bismuth
metal coolant, similar to the system he and Einstein
had patented for refnigerators. And Wigner preferred
plain river water, with uranium rods encased in
aluminum to protect them against water corrosion.
Wigner's water-cooling plan eventually was adopted
for use in large reactors, but not before the decision
to build Fermi’s air-cooled graphite and uranium
pilot reactor at Oak Ridge had been made.

The proposed pilot reactor would test control
and operations procedures and provide the larger
quantities of plutonium required by the project’s
chemists. In mid-1942. Glenn Seaborg’s group had
used a lanthanum fluoride carrier process to
separate micrograms of plutonium from uranium
irradiated in cyclotrons: they now sought a means
to achieve the separation on an industrial scale. In
addition, lsadore Perlman. Charles Coryell. Milton
Burton, George Boyd. and James Franck headed
teams investigating the chemical and radiation
novelties of plutonium, radiation, and fission
products created during nuclear reactions.

Among the various methods investigated for
separating plutonium were the ion-exchange and
solvent-extraction processes. Although not adopted
in 1943, these studies provided foundations for the
postwar separation of radioisotopes and the widely
used solvent-extraction methods for recovering
uranium and plutonium from spent nuclear fuel. In
1943, Seaborg and Du Pont chemist Charles
Cooper settled on a small pilot plant using the
lanthanum fluoride carrier built on the Chicago
campus and another pilot plant using a bismuth
phosphate carrier planned for Oak Ridge. In both
cases. the separation would have to be conducted
by remote control in “"hot cells™ encased in thick
concrete to protect the chemists from radiation.

As the Metallurgical Laboratory’s research
continued, studies began of potential sites for the
planned indusirial-scale uranium separation plants
and pilot plutonium production and separation
facilities. An isolated inland site with plenty of
water and abundant electric power was desired.

At the recommendation of the War Production
Board, Compton’s chief of engineering, Thomas

Moore. and two consulting engineers visited East
Tennessee in April 1942, They found a desirable
site bordering the Clinch River between the small
towns of Clinton and Kingston that was served by
two railroads and Tennessee Valley Authority
electric power. Arthur Compton then inspected the
site. approved it, and visited David Lilienthal,
chairman of the TVA. to describe the unfolding
plans to purchase the land.

Lilienthal was dismayed by news that land near
Clinton would be taken. He objected that the site
included land selected for an agricultural
improvement program and proposed instead that
Compton choose a site in western Kentucky near
Paducah.

Compton refused to consider Lilienthal’s
proposal and advised him that the land in East
Tennessee would be taken through court action for
immediate use. He urged Lilienthal not to question
his judgment or inquire into the reasons for the
purchase. "It was a bad precedent,” Lilienthal later
complained. "That particular site was not essential;
another involving far less disruption in people’s
lives would have served as well, but arbitrary
bureaucracy, made doubly powerful by military
secrecy. had its way.”

In June 1942, President Roosevelt assigned to
the Army the management of uranium and
plutonium plant construction and nuclear weapons
production. High-ranking Army officials, in turn.
delegated this duty to Colonel James Marshall,
commander of the Manhattan Engineer District
headquartered initially in New York City and later
relocated to Oak Ridge. Because Fermi had not yet
achieved a self-sustaining chain reaction, Marshall
and Army authorities postponed their efforts to
acquire the land. The delay disturbed some
scientists anxious not to lose ground to the
Germans. It also perturbed the hard-driving deputy
chief of the U.S. Army Corps of Engineers,
Brigadier General Leslie Groves.

Given command of the Manhattan Project in
September 1942, Groves ordered the immediate
purchase of the reservation, first given the code
name Kingston Demolition Range after the town
south of the reservation and later renamed
Clinton Engineering Works after the town to the
north. The Army sent an affable Kentuckian, Fred
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solvents had to be identified and handled. Disposal
of contaminated equipment and unprecedented
volumes of radioactive wastes had to be addressed.
These were a few of the difficulties facing Clinton
Laboratories personnel as work progressed at X-10
during the autumn of 1943.

The organization of Clinton Laboratories was
in constant flux during the war. Scientists and
technicians moved from Chicago to Oak Ridge to
Hanford and Los Alamos as if they were in a
revolving door. Many members of the original
Oak Ridge research staff came from Chicago. The
Du Pont Company brought its construction and
operations personnel to Oak Ridge for training,
then moved them to Hanford. Most Du Pont
personnel came to X-10 from ordnance plants the
company had constructed before 1943. Wartime
employment at Clinton Laboratories leveled off in
1944 at 1513 scientists, technicians, and operating
personnel, including 113 soldiers from the Army’s

Efforts to build an atomic weapon and develop nuclear energy for peaceful uses led to a network of laboratories

by the mid-1950s.
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Special Engineering Detachment assigned to the
Manbhattan Project.

Organization of the Laboratory proceeded in
1943, with Martin Whitaker as its director and
Richard Doan as its associate director for research.
Reporting directly to Whitaker were research
manager Doan. Simeon Cantril (and later John
Wirth) of the Health Division, and plant manager
S. W. Pratt, who brought many Du Pont personnel to
Oak Ridge. When its initial organization took shape,
Clinton Laboratories had units for chemistry, health,
engineering, and accounting, together with sections
devoted to physics and radiation biology.

By Halloween in 1943, when Du Pont had
completed the final engineering of the Graphite
Reactor, Whitaker brought Compton and Fermi
from Chicago to witness its first operation. Three
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Laboratories in May 1946, and he hired a large
number of people to monitor its activities. His
office staff included 22 people to inspect
construction and administration, 3 to investigate
security breaches, and 29 to examine research and
development. This large group audited even
minor details, down to the book titles ordered by
the library. Their actions soon alienated both
scientists and Monsanto executives, and James
Lum strenuously objected to Leber’s efforts to
“interfere and assume responsibilities which are
reserved only for Monsanto under the present
contract.” To reduce confusion and improve
communications, Lum and Wigner asked Edgar
Murphy, formerly an Army major, to serve as a
liaison with Leber’s staff.

Tensions continued, however, notably in the
case of experiments Wigner wished to conduct to
test the use of beryllium as a neutron trap or
reflector. He encountered a “Catch 227 situation
created by Leber’s interpretation of a regulation
the Army had imposed after Louis Slotin lost his
life during a critical experiment at Los Alamos.
Wigner insisted the tests were completely safe,
but Leber required that the debilitating
regulations, which brought the tests to a virtual
standstill, be meticulously observed. Only after
review at the highest level were the experiments
allowed to continue. Such delays discouraged
Wigner and in time caused him to return to
university life.

“Speaking as individuals who have been
interested in radiation effects on solids since the
conception of the first large reactors,” Wigner and
Frederick Seitz wrote, “we find it gratifying that a
phenomenon which originated as a pure nuisance
promises to provide us with useful information
about the solid state in general and about many of
the materials we use every day.”

By “nuisance,” they meant the swelling and
distortion of graphite under the bombardment of
neutrons from nuclear fission, an effect predicted by
Wigner and thus called the Wigner disease.
Concern about the effects of this “disease” on the
Graphite Reactor at Oak Ridge and similar reactors
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at Hanford stimulated intense interest in solid-state
physics at Clinton Laboratories and elsewhere in
the postwar years. This fascination played a role
in Wigner’s formation of the Metallurgy Division
and in his personal attention to neutron scattering
experiments and zirconium investigations.

Although aluminum had served as cladding for
uranium in the Graphite Reactor and other early
reactors, it was not suitable for use in the high-
temperature reactors designed in the late 1940s.
Metallurgists considered substituting zirconium, a
metal that resists corrosion in water at high
temperatures. Zirconium, however, seemed to have
a strong tendency to absorb neutrons, ultimately
“poisoning” or slowing nuclear reactions.

In 1947, Wigner authorized a group of
Laboratory researchers to study this problem.
Wigner devised a “pile oscillator” to move
materials regularly in and out of a reactor. Using
a washing machine gearbox to power the
oscillator, Herbert Pomerance later that year
discovered that zirconium’s capability for neutron
absorption-had been vastly overstated because of
its contamination by the element hafnium, which
had a much greater poisoning effect.

Zirconium minerals have traces of hafnium,
whose chemical characteristics are nearly
identical to zirconium’s, making economical
separation of the two difficult. With funding from
Captain Rickover and the Navy, laboratory
researchers across the country investigated ways
to separate the two elements. In 1949, chemical
technologists at the Y-12 Plant, under the
direction of Warren Grimes, developed a
successful separation technique and scaled it to
production level under the direction of Ciarence
Larson, then superintendent of the Y-12 Plant.

Zirconium alloys became essential first to the
Navy’s reactors and later to commercial power
reactors. Zirconium rods filled with uranium
pellets made up the fuel cores of nearly all light-
water reactors, and hafnium was used in the
control rods to regulate nuclear reactions.

As authorities on solid-state physics, Wigner
and Seitz were intrigued by the interaction of
radiation with materials, and especially by the
neutron scattering experiments of the
Laboratory’s Emnest Wollan and Clifford Shull.
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HIGH-FLUX YEARS

Because the Argonne and Brookhaven
laboratories would be operated by associations of
universities, William Pollard and the Oak Ridge
Institute of Nuclear Studies considered assuming
Monsanto’s contract. The AEC, however, preferred
that the University of Chicago resume its operation
of Clinton Laboratories, and it announced in
September 1947 that a contract would be negotiated
with Chicago. The university thereby would become
contract operator of both the Argonne National
Laboratory and Clinton Laboratories, which was
renamed Clinton National Laboratory in late 1947
while negotiations with Chicago were under way.

The AEC was willing to enter a four-year
contract with the university. Negotiations
floundered, however, over the division of
responsibilities between the university and the AEC
for personnel policies, salaries, auditing, and
oversight. Moreover, the university decided to
recruit a new director and management team for the
Laboratory, despite pleas for the return of Wigner.
William Harrell, the university business manager,
paraded prominent scientists to the Laboratory for
orientation; but when offered the director’s position,
all demurred. Near the end of 1947, Warren
Johnson, wartime chief of the Laboratory’s
Chemistry Division, agreed to serve as the interim
director.

Concerned that the AEC’s research program
might become too academic, Lilienthal established a
committee of industrial advisers, and during a
November visit to Oak Ridge, he discussed with
Clark Center, manager of Carbide & Carbon, a
subsidiary of Union Carbide Corporation at Oak
Ridge, the possibility of the company assuming
management of the Laboratory. Union Carbide
managed the nearby Y-12 and K-25 plants, and it
already had a staff and offices in Oak Ridge that
could easily add the Laboratory to their responsi-
bilities. In addition, Union Carbide wanted to
simplify its labor union relations. Workers at
K-25 had joined the Congress of Industrial
Organizations union, and craftsmen at the
Laboratory had joined the American Federation of
Labor union. A December 1947 strike over wages
and benefits at K-25, which were lower there than at

the Laboratory, threatened the company’s
tranquility and productivity. By assuming the
Laboratory’s management, Union Carbide possibly
could abate labor tension.

With Lilienthal ill and bedridden and other AEC
commissioners onh  lay excursions, Carroll
Wilson, the AEC’s general manager, made the
decision on Christmas Eve in 1947 to replace the
University of Chicago with Union Carbide. At the
same time, he decided to centralize all reactor
development at Chicago’s Argonne National
Laboratory, transferring responsibility for Oak
Ridge’s high-flux Materials Testing Reactor there.

The day after Christmas, the AEC concurred
with these decisions. Wilson went to St. Louis to
persuade Monsanto to hang on at Oak Ridge an
additional two months until Union Carbide could
become sufficiently organized for the task. The job
of carrying the message to Oak Ridge fell to James
Fisk, director of research, and he received the
welcome one would expect for a bearer of ill
tidings.

Remembered in the Laboratory long afterward
as “Black Christmas,” the shock came during the
round of holiday parties. Reaction to the surprise
was caustic. “Deck the Pile with Garlands Dreary,”
followed by several bawdy verses, reverberated
through the halls. *‘It was rapid-fire and rough,”
admitted Lilienthal e went on to say, “The people
at Clinton Lab engaged in fundamental research felt
they had been double-crossed, for we proposed to
have Carbide & Carbon operate the lab (what was
left of it, that is, minus the high-flux reactor), and
this caused great anguish, not only among the
chronic complainers but quite generally.”

Laboratory staff declared the decisions
represented a demc¢  n from national laboratory
status to a radioisotopes and chemical-processing
factory. Leaders of 3 Qak Ridge Institute for
Nuclear Studies fired messages to President
Truman and the AEC protesting the decisions as a
blow to Southern scientific aspirations. This
thinking ignored the AEC’s promise to continue
fundamental research at Clinton Laboratories,
specifically in physics, chemistry, biology, health
physics, and metallurgy. Rather than reducing the
facility's status, in January 1948 the AEC changed
its official name to Oak Ridge National Laboratory,
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Laboratory concentrated on three possible options:
fuels in solution, fuels suspended in liquid

(or slurries), and molten salt fuels. Each one posed
fundamental challenges in chemistry and chemical
technology. Moving confidently from solids to
liquids to gases in support of the AEC efforts on
behalf of the atom, the Laboratory also conducted
research for heterogeneous, solid-fuel reactors. It
also provided conceptual designs for a trans-
portable Army package reactor, a maritime
reactor, and a gas-cooled reactor.

The Cold War and President Eisenhower’s
*Atoms for Peace” speech reenergized and
refocused the Laboratory’s research efforts. In
effect, it gave the Laboratory a multifaceted
research agenda, many aspects of which were tied
to the development and application of nuclear
power. Summarizing the impact of the nation’s
postwar aims on the work of the Laboratory,
Director Clarence Larson commented, “1954 has
witnessed the transition that many of us have
hoped for since the war. The increasing emphasis
on peacetime applications of atomic energy,” he
went on to say, “has been a particular source of
gratification.”

In addition to the Aircraft Reactor Experiment,
the Bulk Shielding Reactor, and the Tower
Shielding Facility built as part of its Aircraft
Nuclear Project for the Air Force, the Laboratory
had three other major reactor designs in progress
during the mid-1950s: its own new research
reactor with a high neutron flux; a portable
package reactor for the Army; and the Aqueous
Homogeneous Reactor, which was unique because
it combined fuel, moderator. and coolant in a
single solution (designed as one of five
demonstration reactors under AEC auspices).

Initial studies of homogeneous reactors took
place toward the close of World War Il. It pained
chemists to see precisely fabricated solid-fuel
elements of heterogeneous reactors eventually
dissolved in acids to remove fission products—the
“ashes” of a nuclear reaction. Chemical engineers
hoped to design liquid-fuel reactors that would
dispense with the costly destruction and

processing of solid fuel elements. The formation
of gas bubbles in liquid fuels and the corrosive
attack on materials >wever, presented daunting
design and materials challenges.

With the help of experienced chemical
engineers brought to the Laboratory after its
acquisition of the Y-12 laboratories, the
Laboratory proposed to address these design
challenges. George Felbeck, Union Carbide
manager, encouraged their efforts. Rather than
await theoretical sc :ions, Laboratory staff
attacked the problems empirically by building a
small, cheap exper :ntal homogeneous reactor
model. Engineering and design studies began in
the Reactor Experi  ntal Engineering Division
under Charles Winters, and in 1951 the effort
formally became a project under John Swartout
and Samuel Beall.

This was the Laboratory’s first cross-divisional
program. Swartout provided program direction to
groups assigned in the Chemistry, Chemical
Technology, Metallurgy, and Engineering
divisions, while Samuel Beall led construction
and operations. Beecher Briggs headed reactor
design; Ted Welton, Milton Edlund, and William
Breazeale were in charge of reactor physics;
Edward Bohlmann -ected corrosion testing; and
Richard Lyon and Irving Spiewak performed fluid
flow studies and component development.

A homogeneous (liquid-fuel) reactor had two
major advantages over heterogeneous (solid-fuel
and liquid-coolant) reactors. Its fuel solution
would circulate continuously between the reactor
core and a processing plant that would remove
unwanted fissionable products. Thus, unlike a
solid-fuel reactor, a homogeneous reactor would
not have to be taken off-line periodically to
discard spent fuel. Equally important, a
homogeneous reactor’s fuel and the solution in
which it was dissolved served as the source of
power generation. For this reason, a homogeneous
reactor held the promise of simplifying nuclear
reactor designs.

A building to house the Homogeneous Reactor
Experiment was completed in March 1951. The
first model to test the feasibility of this reactor
used uranyl sulfate  :1. After leaks were plugged
in the high-temper: e piping system, the power
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pilot plant development. echoing the Laboratory’s
wartime role in plutonium recovery and extraction.
The succession of challenges it had to meet—
uranium-235 recovery, PUREX development, and
construction and operation of the REDOX and
THOREX pilot plants—swelled the ranks of the
Chemical Technology Division from fewer than 100
people in 1950 to almost 200 in 1955. A similar
expansion took place in the Analytical Chemistry
Division. Its staff increased from 110 people to 214
people during the same period.

The fuel purification program brought Eugene
Wigner back to the Laboratory in 1954. Wigner had
been working for Du Pont on the design of the
Savannah River reactors when he agreed to return to
Oak Ridge to apply his chemical engineering
expertise to design a solvent extraction plant. Labeled
Project Hope because it promised to extend the
supply of fissionable materials for energy production,
Wigner's 1954 study resulted in the design of a
processing plant able to recover uranium-235 from
spent fuel for reuse in reactors at a cost of 31 per
gram, much lower than the prevailing cost of $7.50
per gram of uranium from ore.

His study helped turn the attention of the
Laboratory’s chemical technologists from improving
individual processes for recovery of uranium,
plutonium, and thorium to developing an integrated
plant capable of separating all nuclear materials at a
single site. The proposed power reactor fuel
reprocessing facility would have competed with
private industry, however, and eventually the AEC
decided not to construct it.

In 1953, the Laboratory received AEC
approval to build a new research reactor. The
reactor design, blueprinted by Tom Cole’s team,
combined features of the Materials Testing Reactor
and the Bulk Shielding Reactor. With a thermal
power rating of 20 MW, its neutron flux—the
neutron beam intensity so critical for research—was
100 times greater than that of the Graphite Reactor
and was exceeded only by that of the Materials
Testing Reactor in Idaho.

After several construction delays, the new Oak
Ridge Research Reactor (ORR) was completed and

reached its design power in 1958. A flexible, high-
performance reactor with an easy-to-access core, it
facilitated research during 30 years of operations
under Jim Cox and successors, supporting many
scientific advances.

Physicists Cleland Johnson, Frances Pleasonton,
and Arthur Snell performed the first scientific
experiments at the Oak Ridge Research Reactor.
Examining the relative directions of neutron and
electron (beta particle) emissions in the decay of
helium-6 nuclei, they confirmed the electron-
neutrino theory of nuclear beta decay. The results
guided the improvement of the recoil spectrometry
techniques pioneered by Snell and his colleagues.
Information on the masses, energies, and nuclear
particles of fission fragments was obtained at the
ORR by John Dabbs, Louis Roberts, George
Parker, John Walter, and Hal Schmitt. Jack Harvey,
Bob Block, and Grimes Slaughter used time-of
flight spectrometry to obtain data for the design of
fission power reactors.

Neutron scattering research at the ORR by
Wallace Koehler, Mike Wilkinson, Ralph Moon,
Joe Cable, and Ray Child examined the magnetic
properties of rare earths and other materials. Using
a triple-axis spectrometer at an ORR beam port,
Harold Smith, Wilkinson, Bob Nicklow, and Herb
Mook gained new insights on the dynamic
properties of solids and the interatomic forces in
various crystals. Henri Levy, Selmer Peterson,
Smith, Bill Busing, and George Brown pioneered
automated single-crystal neutron diffraction studies,
producing information on the structure of such
materials as sugar crystals.

A Physics Division team composed of Philip
Miller, James Baird, and William Dress worked at
the ORR in collaboration with Norman Ramsey of
Harvard for a decade, conducting a series of
experiments on an electrical charge characteristic of
neutrons. They designed and operated a novel
neutron spectromete  ased on Ramsey’s s¢,  1ited
oscillatory-field method for magnetic resonance.
For this work and other investigations of the
fundamental characteristics of the proton and
neutron, Ramsey was awarded the Nobel Prize in
physics in 1989.

Another example of pioneering research at the
ORR was completed from 1974 to 1978 by Kirk
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In August 1957, they “crossed the swords,” injecting
a deuterium molecular beam into a carbon arc that
dissociated the beam into a visible ring of
circulating deuterium ions (shaped like a bicycle
tire). This advance transformed Project Sherwood
from a remote, abstract theory to a real possibility.

Planning for a second United Nations
Conference on Peaceful Uses of Atomic Energy
coincided with the Laboratory’s advance in fusion
research. AEC Chairman Lewis Strauss, determined
that the United States should achieve a triumph
equal to that of 1955 at the 1958 scientific olympics,
threw the AEC’s full support behind fusion
research. He hoped that American scientists could
display an operating fusion energy device at the
1958 Geneva conference, just as they had displayed
a successful nuclear reactor three years earlier.

“T have received a letter from Chairman Strauss
exhorting the Laboratory to do everything it
possibly can to have incontrovertible proof of a
thermonuclear plasma by the time of Geneva,”
Weinberg informed Laboratory staff. He went on
to say:

We are now engaged in this enterprise; we have

mobilized people from every part of the

Laboratory for this purpose and, with complete

assurance of unlimited support from the

Commission, we have put the work into the very

highest gear. I can think of few things that

would give any of us as much satisfaction as to

have Oak Ridge the scene of the first successful

demonstration of substantial amounts of
controlled thermonuclear energy.

By the time of the second United Nations
Conference on Peaceful Uses of Atomic Energy in
September 1958, intense media attention on the
miracles of nuclear energy had jaded the public.
Saturated for years with news about the potential
miracles of nuclear energy, Americans turned their
attention to other matters. Moreover, Soviet
scientists, so prominent at the 1955 conference,
were no longer subjects of great public curiosity.

As a result of this diminishing public interest,
the second Geneva conference turned out to be
less a media circus and more a conventional

scientific conference. In 1958, only schemes and
devices for achieving controlled thermonuclear
reaction through fusion enjoyed the glamour linked
to the first conference.

The second conference, however, was the
largest international scientific conference ever held.
Exhibits filled a huge hall built on the grounds of the
Palais des Nations. Sixty-one nations participated,
and 21 exhibited fusion devices, fission reactors, atom
smashers, or models of nuclear power plants.

The United States, Great Britain, and the Soviet
Union declassified their fusion research at the time
of the conference, :  Chairman Lewis Strauss
resigned from the AEC to lead the American
delegation to Geneva. It took nearly 10 hours to
view the United States exhibit alone. The most
popular attractions were models of the Laboratory’s
DCX fusion machine.

The Laboratory provided two full-scale working
models of its DCX machine to display its operating
principles. Through viewing windows, visitors could
see the beam, and the ring of ions wound around it
like a ball of yarn. Using a bit of showmanship, the
Laboratory made the trapped ring visible by dusting it
with tungsten particles from above.

Soviet fusion specialists took intense interest in the
DCX display because they were also pursuing a
molecular-ion-injection approach to fusion. After
the conference, other nations, drawing on the
Laboratory’s experi e, built DCX-type machines,
making them funda  ntal tools for plasma research.

Optimism over the future success of fusion
energy, however, soon faded. The supposed British
achievement of fusion with a pinch-type device
proved premature, and the ability of pinch machines
to provide a stable plasma was questioned. Unstable
plasma escaping the magnetic field also plagued the
Princeton stellarator, and by the end of 1958,
Laboratory scientists learned that their carbon arc
lost trapped ions, forcing the DCX staff to study
different types of arcs and to plan an improved
device, called DCX-2.

In 1959 Alvin Weinberg, a proponent of nuclear
fission and thoriun  ‘eeding reactors, compared
Project Sherwood to “walking on planks over
quicksand.” Plasma physics was so novel then that
solid spots remained unknown, nor was it fully
apparent that any existed. “Working in this field
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attention to developing a molten-salt reactor and
thorium breeder. The last aqueous homogeneous
reactor test run continued until early 1961. For
months, the reactor operated at full power until a
plug installed earlier to patch one of the uranium
holes disintegrated. Although the homogeneous
reactor never found direct commercial applications,
the Laboratory’s efforts to test its long-term
usefulness ultimately strengthened its capabilities
for maintaining and repairing highly radioactive
systems.

The rapid pace of reactor development at the
Laboratory prompted research in detecting flaws in
reactor materials that could be signs of impending
failure. In short, Laboratory staff investigated not
only how reactors would run, but whether materials
in reactor components could withstand the stresses
-of radiation over the long term.

In 1955, for example, R.B. Oliver was given
responsibility for developing and applying new
techniques to detect welding flaws. Nuclear
reactors, on a commercial scale, would contain
miles and miles of piping and machinery seamed

together by an endless series of welds. which would

prove critical to a reactor’s operation and safety.

Moreover, the materials used for the pumps, piping,

and containment of a nuclear reactor all would be
subject to long-term. sometimes intense. radiation.

“Material” concerns had been a major focus of
the nuclear airplane program and it remained a key
research initiative throughout the Laboratory's
reactor development era between the 1950s and
1970s. In fact, by developing and demonstrating
non-obstrusive techniques to test the integrity of
materials (for example, ultrasonic waves and
penetrating-radiation), the Laboratory became a
world leader in *nondestructive’ materials testing.
Robert McClung headed this Laboratory program
from the 1960s to the 1980s.

Health physicists continued to seek a better
understanding of how radiation from reactors and
other sources interacts with solids and liquids. In
the early 1950s ORNL scientists measured energy
losses of swift electrons after penetrating thin metal
foils. Rufus Ritchie launched the quantitative
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understanding of electron energy losses in
irradiated solids and liquids by discovering the
surface plasmon, a motion of electrons in matter.
In this motion, electrons move collectively in
response to the electric field of a penetrating
charged particle. This surface motion remains a
major topic of research because it helps explain
surface phenomena. Only now are the potential
applications of this knowledge being realized in
computing, communications, laser technology,
environmental monitoring, and medical diagnosis
and treatment.

Even as the Laboratory moved forward with its
nuclear energy program, unmet challenges relating
to nuclear fission and the Laboratory's missions
arose—most notably, the threat of radioactive
fallout from atmospheric testing of nuclear bombs
and the need to deal more effectively with
radioactive wastes called for research by the
[.aboratory’s scientists. The need to broaden the
Laboratory’s base and avoid competition with
private industry also challenged its management.

Until 1963, fission and fusion bomb tests were
conducted in the atmosphere, causing much public
concern about radioactive fallout. A principal
concern during the early 1950s was the fallout of
strontium-90, a calcium-mimicking, bone-seeking
fission product that fell from windblown clouds to
the soil below, where it could be taken up by grass
and eaten by cows to wind up in milk consumed by
humans.

To study this and other issues of radiation
ecology, the Laboratory, responding to the
recommendation of Edward Struxness, hired
Orlando Park. an ecologist from Northwestern
University. as a consultant in 1953. The Laboratory
subsequently asked Park’s student, Stanley
Auerbach, to join its Health Physics Division. Both
Park and Auerbach were expert investigators of the
effects of radioactivity on ecological systems,
particularly how radioactive nuclides migrate from
water and soil to plants, animals, and humans. A
major issue in the early 1950s was how quickly
strontium-90 in the soil was taken up by plants. In
fact. this and other questions about radioactive
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In the same way, the scientific olympics in which
the Laboratory competed began as a contest
comparing the scientific prowess of the Soviet
Union and the United States. The Laboratory, as one
of America’s primary institutions for scientific
research, had a simple goal: display the nation’s
scientific talent and accomplishments in the most
dramatic way possible.

As the 1950s unfolded, however, the contest
became more diverse and complicated. Space
issues eclipsed the importance of nuclear research as
the most important symbol of a nation’s scientific

Numbers Three and Four, 1992

capabilities; other goals began to compete for the
Laboratory’s resources and energies; and the initial
successes of fission and fusion research proved
difficult to replicate. In short, like Olympic runners
who followed in the path of their earliest brethren,
Laboratory scientists by the end of the 1950s found
they would have to share the arena with other
figures and other events. As the Laboratory entered
the 1960s, its work would be less dramatic but no
less important, and its focus more diverse but no less
compelling
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disruptions that followed the ORNL terminations of
the Materials Testing Reactor in 1947. the Aircraft
Reactor Experiment in 1957, and the Homogeneous
Reactor Test in 1961 taught Laboratory management
the dangers of relying on a few large hardware
programs. In addition, nationwide scientific involve-
ment in the space race intensified competition for
federal research dollars.

Responding to the “balanced laboratory™
challenge, Director Weinberg organized an
advanced technologies seminar to consider the
Laboratory’s future. “What we should try to do is
to identify long-range, valid missions which in
scope and importance are suitable for prosecution
by ORNL," he said. “Most missions of this sort
will probably not fall in the field of nuclear energy.
This need not bother us since, in the very long run,
ORNL very possibly will not be in nuclear energy
exclusively.”

As a member of science panels advising
presidents Dwight Eisenhower and John Kennedy,
Weinberg aggressively sought to use Laboratory
expertise to help solve national and international
environmental and social problems. Under
Weinberg’s leadership, and the leadership of
Alexander Hollaender in biology. the Laboratory
broadened its programs during the 1960s. Although
basic nuclear science continued as a mainstay, the
Laboratory increasingly focused on applications and
safety of nuclear energy: how commercial nuclear
power could help curb air pollution and chemical
contamination resulting from burning fossil fuels and
produce fresh water from the seas for agricultural
and industrial applications.

The Laboratory had been a nuclear science
center from its inception; in 1961, it took the first
steps toward becoming a national laboratory in a
broader sense. Before 1961, all Laboratory funding
came from the AEC. A decade later, about 14% of
its $100 million annual budget came from agencies
outside the AEC. mostly for programs connected
with civil defense, desalination, space travel, and
cancer research.

'

An immediate local result of Weinberg's
service on presidential science panels was the
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development of programs to manage the scientific
“information revolution.”™ A historian in 1961
pointed out that the first science journal was
published in 1665: the number climbed to 100

in 1800, 10,000 in 1900, and 40,000 by 1961.
Science was being buried under a blizzard of new
publications. This information explosion. along
with increasing specialization and a threatened
shortage of scientists, the historian predicted, could
cause the collapse of science by 1970. Placed in
charge of a presidential task force investigating this
ominous trend, Weinberg echoed the historian’s
sentiments when he said scientists were “"being
snowed under by a mound of undigested reports,
papers. meetings, and books.”

To help solve this crisis, Weinberg proposed the
creation of information centers. Rather than
traditional libraries with stacks of books and
shelves of journals available to researchers, these
centers would consist of scientists who would read
virtually everything published in their specialty.
review the data, and provide their colleagues with
abstracts, critical reviews, and bibliographic tools.
In addition. these scientific “middle people™ would
contribute to science directly by uncovering new
intellectual ties and applications during their
in-depth reviews of the literature in their fields.

The reco