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NUCLEAR REGULATION
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Controlling the Atom is the first comprehen-
sive study of the early history of nuclear reg-
ulation. It focuses on the activities of the
U.S. Atomic Energy Commission (predeces-
sor of the Nuclear Regulatory Commission),
the agency that exercised primary respon-
sibility for safeguarding public heaith
and safety from the hazards of the peace-
ful application of nuclear energy. George T
Mazuzan and J. Samuel Walker reconstruct
the context in which the AEC established its
regulatory programs, weighing the relation-
ship between the AEC's regulatory policies
and its other major functions: developing
and testing of nuclear weapons, and en-
couraging expanded use of civilian atomic
energy. A persistent theme for Mazuzan and
Walker is the AEC's effort to ensure ade-
quate protection of public heaith and safety
without imposing restrictive or inflexible reg-
ulations that would impede the growth of the
nuclear industry

Preparing regulations to control a novel
and dangerous technology was a demanding
and uncertain task that inevitably aroused
conflicting views. This book provides a
full account of debates over such critical
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PREFACE TO THE NUCLEAR
REGULATORY COMMISSION REPRINT

The University of California Press originally published Controlling the
Atom in 1984 and reprinted it in 1986. Once the press ran out of the
reprinted stock, however, it decided that it would not reprint the book
again. To ensure a sufficient supply for its own needs, the 1J.S. Nuclear
Regulatory Commission is issuing its own reprint of the book. The con-
tent is exactly the same as that of the onginal version.

]. Samuel Walker
April 1997



PREFACE AND
ACKNOWLEDGMENTS

MW

This book traces the early history of nuclear power regulation in the
United States. It focuses on the Atomic Energy Commission (AEC), the
federal agency that until 1975 was primarily responsible for planning
and carrying out programs to protect public health and safety from the
hazards of the civilian use of nuclear energy. It also describes the role
of other groups that figured significantly in the development of regu-
latory policies, including the congressional Joint Committee on Atomic
Energy, federal agencies other than the AEC, state governments, the
nuclear industry, and scientific organizations. And it considers changes
in public perceptions of and attitudes toward atomic energy and the
dangers of radiation exposure. The context in which regulatory programs
evolved is a rich and complex mixture of political, legislative, legal,
technological, scientific, and administrative history.

The basic purpose of this book is to provide the Nuclear Regulatory
Commission (NRC), which inherited responsibility for nuclear safety
after Congress disbanded the AEC, and the general public with infor-
mation on the historical antecedents and background of regulatory is-
sues. In that regard, the volume falls into the category of “public history,”
afield that has had its practitioners for years but has only recently gained
prominence within the historical profession. The funda nental premise
of public history, and one to whi=h we fully subscribe, is that under-
standing the history of any given problem is essential to approa: ..ing it
knowledgeably. Policyraakers run the risk of “reinventing the wheel”
when they make judgments on problems they face unless they are well
informed about the context in which previous decisions of a similar
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nature were made, what aiternatives were considered and why certain
ones were chosen, and what peronal and impersonal forces shaped a
particular policy. The same holds true for members of the general public,
whether their concerns center on nuclear-plant safety, allocation of water
resources, air pollution, or any other issue. History, in other words, is
a useful component of sound public policy. Although it cannot offer
definitive guidance on resolving problems, his‘ory does provide a unique
and valuable perspective. The point is not to belabor the often misleading
aphorism that “those who fail to study the past are condemned to repeat
it,” but rather to recognize that both continuity and change in history
need to be understood to deal effectively with the present.

Although we have tried to reconstruct fuily the context of regulatory
development during the 1950s and early 1960s, we have not written a
comprehensive account of the history of atomic energy or the activities
of the Atomic Energy Commission. Regulation was but one of the AEC’s
three major statutory functions; the agency was also responsible for
developing and testing nuclear weapons and for encouraging private
industry to expand the peaceful applications of atomic energy. While
we have attempted to show how the agency’s military and promotional
duties influenced regulatory policies, we have limited our discussinn of
those other programs to their impact on regulation. Our description of
the controversy over fallout from nuclear-bomb testing, for example,
recounts the ways in which the debate affected regulatory matters but
does not attempt to provide an analysis of all aspects of the issue. The
same pattern applies to our accounts of the AEC’s efforts to promote
the use of nuclear energy for peaceful purposes.

While preparing this volume, we have striven to meet the exacting
standards of historical scholarship in conducting research, reconstruct-
ing the sequence of events, and evaluating decisions and actions within
the context of their historical setting. The Nuclear Regulatory Commis-
sion placed no restrictions, either explicitly or implicitly, on our access
to documents or on the structure, approach, direction, or conclusions
of this volume. We exercised our independent professional judgment
throughout the project, and we wish to emphasize that we, and not the
Commission, bear full responsibility for the book’s contents.

Chur work on this book benefited immeasurably from the assistance
of many people both within and outside the NRC. Since the agency’s
history program began in 1977, it has received strong support from the
members of the Commission. Commissioners Victor Gilinsky and Rich-
ard T. Kennedy were particularly instrum:ental in establishing the office,
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and both maintained a personal interest in the project throughout their
tenures on the Commission.

A legion of NRC staff members cheerfully rendered invaluable aid by
searching agency files, locating printed materials, obtaining books and
articles, and providing a wide variety of administrative services. Al-
though they are too numerous to name, we thank them collectively for
their help. Two individuzls deserve special mention: James D. Nuse for
his unfailing knowledge of congressional materials and legislative his-
tories, and Myrna L. Steele for her expert advice on procurement and
publication matters.

Several people in the agency read the manuscript in whole or in part
and offered criticism from the vantage point of their own areas of ex-
pertise. We thank them for the donation of their time as well as for their
commentary: Frederick D. Anderson, Peter A. Bradford, Allen Brodsky,
Richard E. Cunningham, Peter J. Garcia, Victor Gilinsky, Albert P’. Ken-
neke, G. Wayne Kerr, Morton W. Libarkin, Thomas E. Murley, R. G.
Page, Jerome D. Saltzman, Leo E. Slaggie, and Royal J. Voegeli. James
G. Beckerley and William C. Parler, both of whom were participants in
of close observers of many of the events covered in this book, took a
particularly keen interest in the project. They constantly allowed us to
refer to them for information, criticisms, and advice that clearly went
beyond the . il of their official duties.

Mary C. hood, who worked with usas a research assistant and skilled
typist, merits our deep appreciation. She spent many long hours on the
tedious tasks that support historical research.

Roger R. Trask, our predecessor and the NRC'’s first historian, inau-
gurated and gave initial direction to the program. We hope this volume
measures up to the high standards he set for the work of this office.

We are grateful to the archivists and librarians in many institutions
who made our research easier. We are particularly indebted to Roger
M. Anders of the Department of Energy, who not only was relentlessly
efficient in digging out Atcinic Energy Commission records for us but
also smoothed the process of declassification when it was necessary.
David R. Kepley of the National Archives and Donald A. Ritchie of the
U.S. Senate Historical Office facilitated our access to the records of the
Joint Committee on Atomic Energy and performed key roles in opening
Committee files for public examination. We are also grateful for the
assistance of F 'ward ]. McCarter, R. Michael McReynolds, John J. Rum-
barger, and C. Edward Schamel of the National Archives; Robert S.
Wood of the Herbert Hoover Library; James W. Leyerzapf and Rodney
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Soubers of the Dwight D. Eisenhower Library; E. William Johnson of
the John F. Kennedy Library; Warner W. Pflug of the Walter P. Reuther
Library at Wayne State University; Mary Jo Pugh of the Bentley Historical
Library at the University of Michigan; and William Jankos of the Uni-
versity of Southern California Library. Arthur Lazell of the Division of
Radiological Health of the U.S. Public Health Service offered much-
appreciated help in our research of Public Health Service records.

In addition to NRC staff members who commented on draft chapters,
we benefited from the critiques of experts outside the agency who gen-
erously took time to review materials we sent them. Richard G. Hewlett,
formerly chief historian of the Atomic Energy Commission and the De-
partment of Energy, not only read sections of our manuscript but also
offered valuable advice from his experiences in running a government
history program for many years. Jack M. Holl, Hewlett's successor at
the Department of Energy, shared his research findings on atomic-
energy policy during the Eisenhower years with us. We also profited
from the cbservations of others who read parts of the manuscript: Walter
D. Claus, Leo Goodman, Kenneth C. Hall, Lee M. Hydeman, Ralph E.
Lapp, Dariel |. Metlay, Arthur W. Murphy, james T. Ramey, and Laur-
iston S. Taylor. We especially appreciate the efforts of Spencer R. Weart
of the American Institute of Physics and Allan M. Winkler of the Uni-
versity of Oregon, who interrupted their own research on the history
of nuclear energy to provide us detailed and informed comments on the
entire manuscript.

We are grateful to the people who granted interviews and shared their
experiences and perspectives with us. Their names are listed in the Select
Bibliographic Essay at the end of the book.

Finally, we are indebted to the University of California Press and
especially to editor John R. Miles. This volume was subjected to the
review, selection, and editorial procedures that other scholarly books
undergo, and we are most appreciative of the support, encouragement,
and assistance we have received from Dr. Miles and the press.

George T. Mazuzan
J. Samuel Walker
Washington, D.C.
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TOWARD THE PEACEFUL ATOM

M

From the moment the American people first learned about the awe-
some power of the nuclear bombs that devastated Hiroshima and Na-
gasaki, Japan, the dawn of the atomic age aroused ambivalent emotions.
Americans felt pride in the herculean scientific, technical, and industrial
effort that had unleashed the vast energy of nuclear fission, and gratitude
that the use of atomic bombs had brought a quick and decisive end to
World war ii. At the same time they experienced a profound sense of
uneasiness about the implications of the new weapon for the future of
the nation and the world. As events unfolded in the immediate postwar
years, symbols associated with atomic energy presented a disquieting
image of the technology to the American public. Within a year after the
end of the wat, neighborhood movie-theater newsreels and the nation’s
newspapers showed atomic explosions being tested by the government
at the Bikini atoll in the Pacific Ocean. A 1946 March of Time episode,
» Atomic Power,” dramatized the development of atomic weapons, and
the first of many American motion pictures about atomic war, The Be-
ginning or the End, was released to movie houses across the land the
same year. Two books on the destructive power of atomic weapons
became best-sellers. John Hersey's Hiroshima, published in late 1946,
grippingly described the effect of the bomb on the city’s inhabitants. It
had previously appeared as an article in the New Yorker, whose editors
emphasized their “conviction that few of us have yet comprehended the
all but incredible destructive power of this weapon, and that everyone
might well take time to consider the terrible implications of its use.” The
second book, No Place to Hide, was a log kept by David Bradley, a young
Army Medical Corps doctor assigned to monitor radioaciivity during
the 1946 Bikini tests. Excerpted first in the Atlantic Monthly in 1948,
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Bradley’s diary entries graphically related an experience that convinced
him that there was no real defense against atomic weapons and that
radioactivity could affect the land and its people for centuries. The most
common symbol of the atomic era, the gigantic fireball and mushroom-
shaped cloud created by the explosion, was joined by others that were
less dramatic but still unsettling. Increasingly familiar yellow-and-
magenta radiation signs depicted the invisible, silent, and odorless haz-
ards of atomic energy. Government labels, such as “restricted data,”
and technical terms sounding vaguely ominous, such as “fissionable
materials” or “gamma rays,” contributed to an almost science-fiction-
come-true image of an astonishing technology that, if not properly con-
trolled, might lead to Armageddon.'

The fearful images of atomic energy were balanced, though not
overshadowed, by soaring projections of the potential benefits that
peaceful uses of the new technology might offer. Politicians, scientists,
journalists, and business leaders predicted that the atom could even-
tually be harnessed for a breathtaking array of applications to raise stan-
dards of living throughout the world. Senator Joseph C. O’Mahoney of
Wyoming declared that atomic energy “might bring us greater freedom
than we had dared dream of before-—greater freedom from toil, from
hunger, and from disease.” Nuclear physicist Alvin M. Weinberg tola
the Senate’s Special Committee on Atomic Energy in December 1945:
“Atemic power can cure as well as kill. It can fertilize and enrich a region
as well as devastate it. It can widen man’s horizons as well as force him
back into the cave.” Newsweek reported that “even the most conservative
scientists and industrialists [are] willing to outline a civilization which
would make the comic-strip prophecies of Buck Rogers look obsolete . ”
Observing that ideas for civilian uses of atomic energy ranged “from the
practical to the fantastic,” it cited a few examples: atomic-powered air-
planes, rockets, and automobiles, large electrical-generating stations,
small “home power plants” to provide heat and electricity in individual
homes, and tiny atomic generators wired to clothing to keep a person
cool .: summer and warm in winter.’

Developing atomic energy for peaceful applications, as even the most
enthusiastic proponents recognized, would take many years. The im-
mediate challenge facing American leaders in the postwar period was
to direct atomic activities in a way that would win the nation’s confidence
in the judicious use of the technology for both military and peaceful
purposes. Shortly after the war ended, Congress began deliberations on
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a law intended to achieve those objectives while maintaining, at least
for the time being, strict government control over atomic energy.

It took almost a year from the time of the Japanese bombings for the
Congress and the executive branch to reach agreement on the Atomic
Energy Act of 1946, which President Harry S Truman signed on 1 August.
Planning for effective management of aie atom had started in the War
Department in 1944 and had resulted in the introduction in the fall of
1945 of the May-Johnson bill, named after its sponsors, Senator Edwin
C. Johnson of Colorado and Representative Andrew ]. May of Kentucky.
Hoping to push the bill through Congress quickly, its supporters ran
into unexpected opposition from atomic scientists and others who wanted
extended public hearings on such an important matter. In response to
a rising crescendo of protest, the Senate created a special committee to
investigate the issue . 1d recommend legislation. Under the leadership
of freshman senator Brien McMahon of Connecticut, a new draft was
drawn up. Acrimonious debate and much compromise took place in the
spring and summer of 1946 before the law was finally enacted, estab-
lishing the Atomic Energy Commission. The fight over the bill was
largely a struggle over civilian or military domination of the new agency.
The May-Johnson bill implied military control; the McMahon bill even-
tually compromised the issue by affirming civilian control while leaving
“military applications” of atomic energy at a top policy level. It created
a Military Liaison Committee that had its own access through the civilian
armed-forces secretaries to the president.

Civilian direction of the agency did not mean liberalized control of
the atom by the government. Provisions in the law gave the government
exclusive authority over the development and application of atomic en-
ergy; ownership of fissionable materials and the facilities for producing
and using them were to remain a government monopoly. The statute
required security investigations for everybody who worked for the Atomic
Energy Commission o its contractors and created a new special atomic-
information category called “restricted data.” In addition, the act tightly
controlled patents owned by @ government as well as any that might
be developed through government-financed work. Furthermore, coop-
eration with other countries in atomic-energy activities was severely
circumscribed. Ironically, the government monopoly of the atom was
championed by some of the most conservative politicians in the Con-
gress, men who throughout their political careers had fought encroach-
ment by big government.’
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The broad acceptance of such far-reaching control of atomic energy
reflected the historical legacy of the Manhattan Project and contemporary
anxiety about international politics. The Manhattan Project had been
conceived in wartime with the specific purpose of developing an atomic
bomb. The program’s focus on weaponry did not end with the defeat
of Japan and public knowledge of the bomb. The beginning of the Cold
War between the United States and the Soviet Union heightened the
determination to continue the American monopoly over atomic-weapons
technology until an acceptable international-control scheme could be
worked out. In addition, the military planned to stockpile atomic bombs
as well as undertake research on and development of more sophisticated
nuclear weapons

The 1946 law defined the Atomic Energy Commission’s principal func-
tions: to produce fissionable material for weapons and to develop and
manufacture weapons as military requirements dictated. In order to meet
those basic demands, the agency took on other related responsibilities.
For example, it had to assure and develop an adequate supply of ura-
nium, engage in research-and-development programs, and piotect the
atomic secrets inherent in its operatiors. The 1946 act also encouraged
the Commission to develop peaceful uses of atomic energy, though this
function remained secondary to weapons production. Consequently, the
new agency postponed major initiatives on civihan applications until
the weapons program was on a sound footing.*

Along with the technical-control aspects of the act, the organizational
arrangement to manage the agency had concerned the legislators. They
finally settled on a commission with five full-time members, appointed
by the president on a staggered five-year-term basis. The lawmakers
believed that the far-reaching policy decisions the agency would make
could be produced best through the deliberative process of a multi-
headed body. To handle the day-to-day operations they created an agency
executive officer, called the general manager. Congress alsc established
four operating divisions—production, research, engineering, and mili-
tary applications—with each director selected by the Commission.’

President Truman recruited five distinguished Americans to serve as
the first commissioners. He first nominated Sumner Pike, a businessman
and former member of the Securities and Exchange Commission, and
quickly added Lewis Strauss. For chairman, Truman erlisted David E.
Lilienthal. Then serving as head of the Tennessee Valley Authority,
Lilienthal had proved himseif an able administrator. Furthermore, he
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had coauthored the Acheson-Lilienthal plan, the first effort to formulate
United States policy on international control of the ztom. The TVA chief
had the strong backing of Vannevar Bush and James B. Conant, two key
administrators of the Manhattan Project.

Late in October 1946 Truman selected William W. Waymack and Robert
F. Bacher to round out the first Commission. Pulitzer Prize winner Way-
mack was the editor of the Des Moines Register and Tribune and a director
of the Federal Reserve Bank of Chicago. Bacher was the only scientist
on the Commission. A highly respected physicist, he also had the strong
endorsement of Bush. Bacher had worked at Los Alamos during the war
ve=re and had recendy returned to his academic post at Cornell University.

Truman was proud of his choices, particularly of the fact that they
were nonpartisan nominees. Indeed, four of the five were registered
Republicans: Pike, Strauss, Waymack, and Bacher; Lilienthal was an
independent. While the confirmation proceedings turned out to be less
than pro forma affairs—they dragged on acrimoniously throughout the
first months of 1947—the five nominees began informally in the fall of
1946 to face the imposing organizational tasks ahead of them.®

By establishing a commission-type organization, Congress expected
a collegial, deliberative approach toward policymaking. The first five
members seemed well suited to carry out that concept. Lilienthal pos-
sessed the righ. temperament and experience to fill the chairman’s role.
Throughout his tenure he attempted to develop a consensus on policy
issues among his colleagues.

Among the five, Strauss turned out to be least suited to the deliberative
approach. He often displayed his impatience for action that conflicted
with the approach of his colleagues. A strong-willed man, Strauss had
a remarkable talent for attracting or stirring controversy despite his own
claim that he never had enemies before coming to Washington. Bald,
bespectacled, with an owlish-looking face, Strauss had a ramrod posture
and a superbly tailored figure. He was intelligent, articulate, and dis-
played an air of old-world courtliness and charm. Even his enemies
conceded his executive brilliance and tactical mastery. One close ob-
server noted, however, that when he was piqued, Strauss’s expression
varied “between childish indignation and pouting martyrdom.” Mostly
self-educated, Strauss through his own ambition, drive, and ability had
advanced from humble origins to acquire weaith and power. Born in
1896, he started in the business world as a shoe salesman. He served
as private secretary to Herbert Hoover between 1917 and 1919, securing
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the appointment on his own brash initiative following encouragement
from his mother. Strauss earned financial success after becoming a full
partner at age thirty-two in the Wall Street investment house of Kuhn,
Loeb and Company. During the Second World War he served in Wash-
ington as a navy reserve officer, eventually becoming special assistant
to Secretary of the Navy James V. Forrestal and achieving flag-officer
rank. Truman appointed him to the Commission just after he had re-
sumed his business career with Kuhn, Loeb. After the appointment
Strauss soon found himself in the minority of many four-to-one deci-
sions. Nevertheless, he spearheaded the establishment of a detection
system that picked up radiation from the Soviet Union’s first atomic
explosion in 1949; and soon after, he played a large role in starting the
hydrogen-bomb program. On that issue he met the combined opposition
of his fellow commissioners and the scientists on the AEC’s prestigious
General Advisory Committee, chaired by J. Robert Oppenheimer. In
1950 he left the Commission to resume his career in the world of high
finance; three years later he returned as AEC chairman.’

An operating philosophy emei jed from the early Commission meet-
ings. The five men believed that up to then, atomic-energy questions
had benefited from a nonpartisan approach. By acting prudently and
seeking to build a consensus for their decisions, they hoped to keep
atomic energy out of the political arena. Lilienthal had applied the non-
partisan principle quite successfuily at TVA, and his leadership reflected
an attempt to continue it at the Atomic Energy Commission.*

The commissioners adopted an operational mode that avoided spe-
cialization. Lilienthal and Pike were experienced public administrators,
and both believed that having each commissioner informed on all policy
matters was preferable to diluting the collegial system with specifically
assigned functional areas. They had learned the pitfalls of such practices
atthe Tennessee Valley Authority and the Securities and Exchange Com-
mission and had no difficulty convincing their three colleagues that the
strength of the Commission depended on all five drawing on their dif-
ferent concepts of the public interest to forge policy decisions. This never
meant there would be total agreement on every issue; it merely assured
total participation by all the commissioners.

The Commission’s first job after its establishment was to take over
administration of the Manhattan Project’s operations. General Leslie
Groves, who headed the Project throughout its existence, had hoped
for a much earlier transfer of functions, but legislative wrangling over
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the 1946 law caused delay. The vast enterprise, administered chiefly
from Oak Ridge, Tennessee, but including vital installations in Los Ala-
mos, New Mexico, Hanford, Washington, and Chicago, Illinois, suffered
during the interim period. With the postwar emphasis on phasing out
and reconverting military operations, Groves accomplished a remarkable
management task in keeping the wartime project from completely falling
apart. But the year-and-a-half delay to<" . toll in loss of manpower and
deferments in both project developnu nt and needed construction. When
the transfer finally occurred on 30 December 1946, the Commission in-
herited an atomic program that retained the basic foundations laid in
the war years but that had suffered an appreciable loss of momentum
after the end of hostilities.”

At an early stage the Commission made a practical organizational
decision by retaining the Manhattan Project’s contractor system. The
agency had no mandate to do this, but in view of the circumstances it
had no workable alternatives. The Commission readily saw that it would
be unrealistic for the agency to hire directly the many scientists, engi-
neers, and technicians that contractors for the Manhattan Project had
enlisted from private industry and universities. Only at the risk of great
delay and major disruptions to the program could the Commission have
reversed the Manhattan Project’s established contractor policy. Even if
reality dictated retention of the contractor system, the Commission might
have entertained a long-range plan for eventual direct government hiring
and operation. But none of the commissioners believed strongly that it
was desirable or advantageous.

This was a significant decision. Since privateco  uies under contract
would operate the nation’s atomic plants an”’  .oratories, the Com-
mission relied on an already trained cadre to ..cvelop the new technol-
ogy. In view of the Atomic Energy Act’s prohibition against private
ownership of fissionabie materials and the facilities for using or pro-
ducing them, the decision on contractors also turned out to be the one
practical way of allowing access for segments of private industry to at
least some nuclear fundamentals. Another benefit accrued from the con-
tractor policy: it allowed the AEC to operate initially with a2 small ad-
ministrative staff that in turn delegated a large share of administrative
controls to program offices and field operations. This concept fitted well
into Lilienthal’s public-administration philosophy of decentralization,
and its application probably was the most lasting imprint he made on
the Atomic Energy Commission."
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Aftes much debate the drafters of the 1946 act had recognized that a
five-man commission was ill suited for the daily conduct of agency op-
erations. The law made a distinction between policy and operations. To
perform the latter functions, the statute established the position of gen-
eral manager and underscored its importance by making it a presidential
appointment subject to Senate confirmation. To assure an integration of
policy and administration, the Congress gave the commissioners advi-
sory authority to the president on the appointment or rem. al of the
general manager. Clearly, though, he was meant to direct the agency’s
day-to-day operations while the commissioners focused on overall pol-
icies and priorities."!

Carroll L. Wilson, the first general manager, served the agency from
late 1946 to 1950. In large measure the choice of Wilson was due to his
commitment to Lilienthal’s decentralized approach to agency adminis-
tration. Both men were convinced that the principal technical and man-
agerial strength had to be located in the hands of the division directors
and in the field managers’ offices. As critical as delegation of authority
was under this philosophy, a strong general manager was still necessary.
Wilson personally discharged responsibility for all aspects of internal
management. Gifted with an unflappable personality, he soon estab-
lished a working relationship with the commissioners on the one hand
and his key s‘aff members on the other."

Wilson and the commissioners immediately built a workable organi-
zation and recruited staff members. Long-range planning and staff judg-
ment on technical and scientific matters rested in the four statutory
program division<: Research, Engineering, Military Application, and
Production, :nd in two divisions subsequently created by the Commis-
sion: Raw Materials, and Biology and Medicine. The division directors
reported to Wilson, though he authorized them to exchange information
directly with their counterparts in the field offices and on the contractor
staffs.

Throughout 1947 the commissioners and Wilson organized the nec-
essary central management offices: Security and Intelligence, Organi-
zation and Personnel, Budget, Comptroller, General Counsel, and a
Public and Technical Information Service. Those office heads also re-
ported to Wilson; additionally, the comptroller and general counsel re-
ported directly to the Commission on particular fiscal and legal matters."

Formal staff papers were used to place policy problems and recom-
mended solutions before the commissioners. To handle the paperwork
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the Commission established a secretariat. The secretary, who reported
to the general manager, developed the agenda for Commission meet-
ings, provided assistance to the staff in preparation of the staff papers,
and kept the records and minutes of Commission meetings and actions. "

In 1947 the Commission organized five decentralized field offices—
New York, Oak Ridge, Chicago, Hanford, and Santa Fe—built on the
Manhattan Project model but with substantive differences. The Man-
hattan Project had been a nationwide enterprise with major operation
control emanating from its Oak Ridge headquarters. The Commission
decentralized that authority while keeping the geographic distribution
of the offices. Responsibility for agency operations rested with the field-
office managers. Under the policy framework established by the Wash-
ington-based commissioners and coordinated by the general manager,
the field-office managers assumed delegated authority to negotiate con-
tracts, to establish certain positions and make appointments, and to take
general administrative actions necessary to carry out the assigned func-
tions of their offices. Wilson insisted that the managers bring only those
problems to him that raised new policy questions of a complex nature
or that affected the total agency operation."

Most agency activities took place in the field. Several of the field sites
traced their beginnings to the Manhattan Project. Oak Ridge had been
the field headquarters of the wartime project. Selected for its isolation,
dependable power supply from TVA, and topography, Oak Ridge was
initially used for isotope-separation facilities necessary in the process of
making uranium 235 for atomic bombs. Several production factories were
constructed there during the war, including an electromagnetic-sepa-
ration plant, a thermal-diffusion plant, and a gaseous-diffusion plant.
The first two processes were discontinued and placed on standby status
in September 1945 in favor of the more efficient and economical gaseous-
diffusion process, which expanded and continued operation under a
contract with the Union Carbide and Carbon Chemicals Company. In
this process, uranium in the form of a gas (uranium hexafluoride) is
forced through thin, porous barriers. Because the lighter gas molecules,
containing the uranium 235, move at a higher velocity than the heavy
molecules containing uranium 238, the lighter ones pass through each
barrier more frequently than do the heavy ones, producing a slight
enrichment in the lighter isotope. Hundreds of these separation stages
are required to effect a significant separation of uranium 235 from ura-
nium 238. In addition, a vast array of other technical facilities were
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constructed at the Oak Ridge site. For example, a scaled-up model of
Enrico Fermi’s Chicago pile, which generated the first nuclear chain
reaction in 1942, was built to provide decign data for the full-blewn
production reactors that later would be constructed at the AEC’s res-
ervation at Hanford, Washington. In 1946 Oak Ridge also became the
short-lived site for a cooperative effort to build the world’s first power
reactor. Called the Daniels pile, after designer and chemist Farrington
Daniels, the project brought together for the first time some of American
industry’s promising young engineers for study and work on peaceful
applications of atomic energy. Westinghouse sent John W. Simpson and
Nunzio ]. Palladino, Allis-Chalmers was represented by Harold Ether-
ington, and General Electric sent Harry E. Stevens. The AEC canceled
the Daniels project in 1947, however, when it transferred power-reactor
development to Chicago’s Argonne National Laboratory.'®

The other major production facility was the Hanford Engineer Works
near Richland, Washington. It functioned as a center for produ-tion of
the plutonium used in atomic bombs. Three la-~ge water-cooled, graphite-
moderated reactors were built during the war, and several more were
constructed in the postwar years. The Hanford Works also housed three
chemical-separation plants that recovered and purified the plutonium
from irradiated fuel elements. The isolation and vastness of the area had
been major reasons for selection of the site. Important, too, were geo-
logical formations that could hold the immense weight of the reactors,
large volumes of water from the Columbia River for cooling the ma-
chines, and tremendous amounts of electrical power available from nearby
hydroelectric stations. The Du Pont Company initially ran the facility
for the government; in 1946 the General Electric Company became the
prime contractor.

Tucked away on a high mesa in northern New Mexico, the Los Alamos
complex constituted a third major facility of the Manhattan Project. This
weapons research-and-development center, renamed after the war the
Los Alamos Scientific Laboratory, had been the key meeting ground for
scientists working on the bomb, and it remained the major facility for
development of atomic weapons. The University of California operated
it for the AEC. In 1950 the agency contracted with the university to open
a second weapons-research center in Livermore, California, near San
Francisco. The Livermore Laboratory concentrated on developing new
and improved types of nuclear weapons. Since the university had been
a pioneer in atomic research, it was a logical contractor for those facilities.
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Since 1936 the university had operated its own Radiation Laboratory in
Berkeley, which had contributed greatly to the nuclear sciences. There
researchers had identified plutonium and renowned physicist Ernest O.
Lawrence had invented the cyclotron. As a tribute to Lawrence’s accom-
plishments, both the Livermore and the Radiation Laboratories were
named for him after his death in 1958."

The AEC's domain included other highly specialized supporting fa-
cilities. The original Metallurgical Laboratory at the University of Chicago
became the Argonne National Laboratory. In a major decision in late
December 1947 the Commission designated Argonne as the chief labo-
ratory for reactor development work. In subsequent years, scientists at
the suburban Chicago facility designed several experimental reactors,
most of which were constructed at the AEC’s new National Reactor
Testing Station at Arco, Idaho, twenty-five miles west of Idaho Falls.
The Chicago operations office supervised the laboratory’s work."

The New York office ran the AEC’s uranium-procurement operations
and its Health and Safety Laboratory. It also supervised the new Brook-
haven National Laboratory on Long Island, which Associated Univer-
sities, a consortium of eastern schools, ran under contract to the AEC.
The laboratory originated and developed as a center for nonmilitary
research.”

Truman’s decision in 1950 to build the hydrogen bomb spawned de-
velopment of other major production facilities. The gigantic Savannah
River reactor complex near Aiken, South Carolina, by 1953 was pro-
ducing not only tritium for thermonuclear warhead: but also plutonium.
Du Pont operated the facility for the AEC. Two new gaseous diffusion
plants also were constructed at Paducah, Kentucky and Portsmouth,
Ohio. Those plants operated under contract to private industry and came
under the AEC’s decentralized field-office system.”!

A unique means of congressional oversight provided in the 1946 act
monitored the overall operations of the AEC. Congress created the Joint
Committee on Atomic Energy, which practically from the beginning
acted as a powerful and sometimes highly critical watchdog of the Com-
mission. The legislative history of the 1946 law does not show where
the idea for the Joint Committee originated. But all the legislators familiar
with plans for the new agency were cognizant of the vast powers they
were giving to the executive branch and must have felt that some leg-
islative device was essential to restrict the independence of the agency
and to protect their traditional congressional prerogatives. The Joint
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Committee was one of the few committees established by statute rather
than by the rules of each House. Moreover, it was the only joint com-
mittee of Congress authorized to receive proposed legislation and rec-
ommend it to the Congress.”

The Joint Committee consisted of eighteen members, nine from the
Senate and nine from the House, with not more than five senators or
five representatives from the same political party. The law vested the
group with full jurisdiction over “all bills, resolutions, and other matters
in the Senate or the House of Representatives relating primarily to the
Commission or to the development, use, and control of atomic energy.”
An important proviso also required the Commission to keep the joint
Committee “fully and currently informed with respect to the Commis-
sion’s activities.” The Joint Committee could appoint its own staff as
well as utilize the services, information, facilities, and personnel of the
executive branch.”

The Joint Committee performed four broad functions. The legislative
function, in practice, did not become important until after passage of
the 1954 Atomic Energy Act, which opened the technology to commercial
enterprise. Thereafter, the group considered and recommended several
amendments to the act in order to keep the law up to date as atomic-
energy applications rapidly developed. When the Joint Committee con-
sidered amendments, it sent identical bills and reports containing rec-
ommendations to each House simultaneously. In considering presidential
appointments the committee conducted hearings and formally advised
the Senate of its position on confirmation. The Joint Committee’s watch-
dog function over the AEC was particularly important during the period
1946-1954, when most AEC activities were secret, but it continued to
carry out that role more publicly after passage of the 1954 law. The
committee also assumed a policy-and-review function under which ei-
ther the Joint Commiittee or individual members proposed policy changes
or innovations in the atomic-energy program. Finally, the Joint Com-
mittee provided an information service. It conducted and published
studies and held public hearings on many nonclassified aspects of the
AEC’s programs, Its collection of mate:ials was a valuable public source
in the rapidly changing technical field. Overall, the Joint Committee
provided energetic leadership and close scrutiny of the AEC's policies
on military applications of atomic energy and continuing oversight of
the major civilian applications, particularly atomir-power generation.*

Although researchers in the Manhattan Project had concentrated on
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building a bomb, they had thought fleetingly about the possibility of
developing an atomic-power reactor that would generate electricity. The
1946 act clearly indicated that the main purpose of atomic development,
at least in the short term, applied to weapons development. However
pressing that goal might have been, the Congress also contemplated the
eventual use of atomic energy for peaceful purposes. The act’s Decla-
ration of Policy stated that the nation looked toward the day when “the
development and utilization of atomic energy shall, so far as practicable,
be directed toward improving the public welfare, increasing the standard
of living, strengthening free competition in private enterprise, and pro-
moting world peace.” In effect, that declaration challeniged the AEC to
find some way to allow private enterprise to take advantage of the new
technology without jeopardizing military secrets. During the period 1946~
1954 two movements slowly unlocked the government’s atomic monop-
oly. The Commission initiated one by considering future civilian uses
in its reactor-development work on military applications. Industry at-
tempted the other one through pressure for direct participation in atomic
matters with the goal of establishing the feasibility of an atomic-power
industry.”

Key AEC pfficials believed that private industry could best undertake
power-reactor development. But until national-security considerations
allowed loosening the restrictions of the 1946 act and until the agency
could further explore power-reactor designs, it moved slowly on peaceful
applications of atomic energy. The initial emphasis on building a weap-
ons stockpile, the shortage of uranium, the need for secrecy, and Pres-
ident Truman’s decision in January 1950 to proceed with work on the
hydrogen bomb, relegated power-reactor development to a secondary
priority. Nonetheless, the AEC undertook research on power reactors
that eventually merged with industry’s interest in opening up the
technology.*

The idea of using atomic energy for electrical generation was based
on the assumption that nuclear fission could replace fossil fuels as the
basic energy source to convert water into steam to drive a turbine. Soon
after the Second World War, atomic-power advocates promoted research
aimed at replacing heat generated by fossil fuels with heat produced by
a reactor. The basic physical phenomenon of nuclear fission that the
physicists, engineers, and industrialists wanted to exploit is the splitting
of a nucleus of an atom into two or more separate nuclei accompanied
by the release of a large amount ot energy. The reaction can be induced
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by a nucleus absorbing a neutron, or it can occur spontaneously, because
of the unstable nature of some of the heavy isotopes. But among the
heavy isotopes few can be readily excited to the state where the fission
reaction occurs. Those few are limited to the isotopes of atomic number
90 (thorium) and above.

Nearly all the fissions ‘n the fuel of a reactor result from neutron
absorption in an isotope of atomic number 90 or higher. Only a few of
these “fissionable” heavy isotopes can be used as reactor fuel: uranium
233, uranium 235, plutonium 239, and plutonium 241. Uranium 235 is
a naturally occurring fissionable isotope that is used in the reactor fuel
of all of today’s commercial nuclear power plants in the United States.
There also are artifically produced heavy isotopes suitable for fuels; these
are uranium 233 (produced by irradiation of thorium 232 in a reactor)
and plutonium 239 (produced by irradiation of uranium 238).

In reactor fuels, one or more fissionable isotopes are incorporated in
the fuel elements. Usually the elements consist of metal sheaths that
look like giant curtain rods. Each rod encases a large number of pellets
of fissionable material in ceramic (oxide) form. Gathered in bundles,
called subassemblies, the rods are placed in the reactor vessel in a regular
geometric arrangement that permits the circulation of coolant over each
rod to e.tract fission heat. This is the core of the reactor.

The number of neutrons produced varies with the different fissionable
isotopes and with the energy of the absorbed neutron that causes the
reaction. In an operating reactor the probability that a neutron will cause
fission is highly (and generally inversely) dependent on the kinetic en-
ergy of the incident neutrons—that is, whether the neutron is “fast” or
“slow.”

The neutrons that are produced in the fission process are fast and are
less likely to cause fission than slower neutrons. As a consequence, in
the most common type of power reactor the kinetic energy of the fission
neutrons is reduced to a value where it is more likely to cause fission.
This is done by interposing between the fuel rods a medium that will
slow down or “thermalize” the fission neutrons and do so without ab-
sorbing too many. The medium used, called the moderator, acts as a
control factor to maintain the chain reaction. Ordinary or light water,
graphite, heavy water, and organic materials have been used as mod-
erators in commercial and experimental reactors. Fast reactors operate
under snomewhat different conditions and are designed to sustain a chain
reaction using fast or high-energy neutrons; they require no moderator.

The amount and configuration of the moderator determines the degree
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of slowing down that occurs and, as a consequence, the amount of fuel
necessary to maintain the chain reaction—that is, to keep th> fission
process going. As a practical matier, more fuel is put into the reactor
than the amount that would just sustain a chain reaction. Because this
additional fuel would create a “supercritical” reactor in which the chain
reaction would continually increase beyond the capability of the reactor
cooling system, it is necessary to include among the fuel bundles control
devices known as control rods. Composed of materials that readily ab-
sorb the neutrons that are causing the fission, the control rods can be
injected quickly into the core to shut off the chain reaction. Wher: the
control rods are taken out of the core, the neutron population builds up
and the fission chain reaction begins again.

About 90 percent of the total energy released in an atomic reactor
manifests itself as heat at or near the point of fission—that is, within
the fuel in the core. The magnitude of this energy can be appreciated
by considering that the fission of all the atoms in one pound of uranium
235 would yield about ten million kilowatt-hours of thermal energy or
heat. In a power reactor a fluid, or reactor coolant, removes the fission
heat from the core.?” The choice of coolant determines many of the basic
features of a power-reactor design. In light-water reactors the coolant
also serves as the moderator, Coolant properties often directly determine
the operating pressure and directly or indirectly limit the operating tem-
perature of power reactors. The heat-transfer characteristics of a coolant
also have an important bearing on the allowable power density in the
reactor core. As different reactor concepts were developed, a variety of
coolants were studied experimentally. Sodium, light water, certain or-
ganic fluids. and heavy water were extensively investigated in the de-
velopment of power reactors.

A major concern in reactor technology is associated with the products
of the fission process. Fission products include many radioactive isotopes
that are important in a number of ways. Their radioactivity can damage
the fuel elements and thus limit the time fuel can be allowed to remain
in the reactor. In addition, fission products are the sources of most of
the radioactivity in irradiated fuel. Because of this latter consideration,
reactor design and operé.ion had to provide for control and containment
of fission products und.r both normal and abnormal conditions. Ade-
quate protection of the safety and health of the general population from
the hazards of fission products became a requirement in power-reactor
design.

In 1947 top AEC officials anticipated that building atomic-power re-
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actors for large-scale use would occur only in the distant future. Walter
Zinn, director of the Argonne National Laboratory, where reactor re-
search was a prime concern, reported that the best hope for power
reactors rested with machines that would generate power and at the
same time create or “preed” more fissionable material than they con-
sumed. The shortage of existing stocks of uranium and the priority for
using uranium in military applications made the so-called breeder reactor
especially attractive. The possibility of breeding was based on the fact
(experimentally confirmed during the Manhattan F:oject) that each fis-
sioning nucleus of uranium or plutonium released more than two neu-
trons. One neutron was needed to sustain the chain reaction; the second
would, in principle, be available for capture by the nucleus of a “fertile”
atom such as uranium 238 or thorium 232 to create an atom of fissionable
material to replace the original fissioning nucleus. Because more than
two neutrons were emitted in the fission process, the possibility of cre-
ating more than the one replacement fissionable nucleus was envisioned.
Thus a breeder would produce heat for power while at the same time
produce more fissionable material than it consumed.

By 1947 the AEC had two experimental breeder reactors in early design
stages. At Argonne, Zinn worked on the design for a small “fast” breeder
(one without a moderator and using highly enriched fuel). This exper-
imental breeder was constructed and commenced operation at the Idaho
test facility in 1951. At General Electric’s Knolls Atomic Power Laboratory
near Schenectady, New York, researchers were investigating another
type of breeder reactor, the “intermediate” breeder, so called because
the chain reaction was sustained by neutrons with energies intermediate
between slow and fast neutron energies. Bu! they saw its construction
as far in the future *

By late 1948 the AEC had developed a five-reactor research plan that
included the fast and intermediate breeders. The other three were a
high-flux reactor, later called the materials-testing reactor, that was de-
signed to test reactor fuels and materials for both military and civilian
applications; a submarine-propulsion reactor, a thermal, water-cooled
type that came under the direction of an ambitious naval officer, Captain
Hyman Rickover, and was supported by Argonne and Westinghouse;
and Oak Ridge's homogeneous reactor, based on a concept that elimi-
nated the need to fabricate fuel elements and offered the possibility of
continuous chemical processing of the fuel. ®

The year 1949 witnessed both progress and setbacks for power-reactor
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development. Farly in the year the Commission found an able director
for its newly created Division of Reactor Development. Lawrence R.
Hafstad, a physicist and former director of research at the Johns Hopkins
University Applied Physics Laboratory, was a highly regarded scientist
who brought considerable administrative skills to the post. In the spring
the Commission settled on the Idabo location for a reactor test site.
Those were positive signs that the government reactor program was
taking shape.

But when the United States discovered in September that the Soviet
Union had detonated its first atomic device the previous month, a re-
newed emphasis on military weapons and military reactor applications
kept the development of civilian power reactors consigned to a low
priority. The subsequent atumic-arms race also helped establish a pref-
erence among various reactor designs by giving an edge to Rickover’s
pressurized-light-water reactor for submarine propulsion.¥

Nevertheless, some policy groundwork had been laid for power-
reactor technology that could be expioited by private industry. For ex-
ample, in October 1947 Chairman Lilienthal remarked to the Economics
Club of Detroit that atoms for power lay far in the future. He noted how
the continuing need for government secrecy precluded any private-
industry initiative to use the technology. But the door was not completely
closed. Lilienthal announced that the AEC was establishing an Industrial
Advisory Group that woald be allowed to survey classified agency ac-
tivities for commercial possibilities.”

Headed by James W. Parker, president of the Detroit Edison Company,
the committee included senior officials of the electric-power industry
and industrial-research corporations. After a year's work the group’s
final report recommended that more technical information be declassi-
fied and published and that more contact be allowed between AEC staff,
contractors, and industry representatives. The report, however, did not
indicate what was perhaps the committee’s most positive contribution
to atomic-power development. Its work provided knowledge of Com-
mission activities to its members, who were influential leaders of Amer-
ican industry.®

One persistent outsider influenced Lilienthal more than the members
of the Parker committee. Philip Sporn, president of American Gas and
Service Corporation in New York, frequently pleaded at length with the
AEC chairman for more information on reactors. In turn, Lilienthal en-
couraged the AEC staff to take action in this area. In August 1949 the
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Commission permitted a private advisory committee under Sporn’s di-
rection to examine AEC classified information related to power reactors.
This set a basis for further technical cooperation between industry and
the agency. But the Commission’s military requirements, intensified by
the Soviet atomic detonation the same month, sidetracked at least tem-
porarily any further exploration of direct industrial participation in atomic-
power development. Lilienthal resigned in February 1950 and was
repiaced as chairman in July by Gordon Dean.™

As a private citizen Lilienthal explained his frustration in attempting
to open the atomic monopoly even slightly. He began a well-publicized
article in Collier’s in June 1950 with the statement that “no Soviet in-
dustrial monopoly is more completely owned by the state than is the
industrial atom in free-enterprise America.” He pointed his finger at the
culprit—the Atomic Energy Act of 1946—and emphasized that the I-w
should be repealed so that the industrial atom could be developed “in
accord with the American system.” His piece became the opening salvo
of an effort to create a political atmosphere conducive to making changes
in the 1946 act. ™

At the same time that Lilienthal issued his challenge, a close friend,
Charles A Thomas of the Monsanto Chemical Company, proposed to
the Commission that his company be allowed to design, construct, and
operate atomic-power plants at its own expense to produce both power
and plutonium. Thomas was no newcomer to the atomic field. He was
aware of the AEC's earlier attempts to establish closer ties with industry
and recognized the agency’s pressing need in 1950 to increase plutonium
production because of the new demands for weapons. Thomas’s sug-
gestion for a dual-purpose reactor, therefore, appealed to agency re-
quirements a. well as to the hope of the industry for direct participation
in atomic-power development. He saw two benefits to industry if his
proposals were accepted. The agency would allow industry access to
classified technical information, and the sale of plutonium to the gov-
ernment would offset the expected noncompetitive cost of atomic power,
making the dual-purpose reactor attractive to the power industry. After
extensive examination of the Thomas proposal in the summer of 1950,
the AEC staff concluded that the agency should allow Monsanto rep-
resentatives to study the agency’s reactor-development program to de-
termine the feasibility of development and construction of the proposed
reactor. In the fall a similar proposal for industry participation came
jointly from the Detroit Edison Company and the Dow Chemical Com-
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pany. The AEC thought thal more proposals from other companies
might be forthcoming; accordingly, the Commission in Decemver es-
tablished a general policy on industrial reactor-development.®

Announced in January 1951 as the Industrial Participation Program,
the policy limited proposals to surveys of existing reactor data. The AEC
would grant security clearances to a number of industry technica, per-
sonnel, and each industrial group would submit a feasibility report on
its reactor concept to the Commission. If a project produced a promising
reactor design, the AEC would consider government financing for a
company’s development work.”

The announcement of the Industrial Participation Program immedi-
ately brought two more proposals, one from the Commonwealth Edison
Company of Chicago, and a joint one from the San Francisco-based
Bechtel Corporation and the Pacific Gas and Electric Company. En-
couraged by the initial proposais, the AEC announced a second round
in 1952. A wide range of industrial, research, and electric-power concerns
either joined the initial groups or submitted proposals of their own
during that round.”

Most study groups incorporated the dual-purpose machine in their
concepts; however, they suggested a variety of designs. The Monsanto
proposal studied a graphite-moderated, sodium-cooled 150-megawatt
reactor that would also produce plutonium. The Detroit Edison-Dow
Chemical team concentrated on a fast-breeder concept. Commonwealth
Edison initially evaluated a helium-cooled, graphite-moderated machine
fueled with natural uranium as well as a reactor moderated and cooled
by pressurized heavy water and fueled with natural uranium. Later the
Chicago-based company submitted additional proposals to study ho-
mogeneous and sodium-graphite reactors, and an intermediate power
breeder similar to the Knolls Atomic Power Laboratory design. The
Bechtel-Pacific Gas and Electric group investigated a heavy-water-mod-
erated, light-water-cooled reactor using natural uranium, and a sodium-
cooled breeder. These initial studies took time, since the companies had
first to gain knowledge of reactor technology. Clearly, though, the pro-
gram produced evidence that some industrial leaders were willing to
move ahead if the restrictive terms of the 1946 act were eased.™

While industry and the AEC worked on reactor deve'»pment, the
Joint Committee contributed significantly to changing the political at-
mosphere. Until 1952 the committee had not paid much attention to
commercial development because it had been fully engrossed in the
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agency’s propulsion- and production-reactor programs for the military.
In the summer of 1952, however, the Joint Committee began its own
investigations that eventually resulted in opening atomic technology to
private development.

By the fall of 1952 the Joint Committee staff had compiled a four-
hundred page information-lader document entitled “Atomic Power and
Private Enterprise.” The compendium presented in rich detail the current
history of commercial power-reactor development. It included papers
that discussed law, technology, secrecy, and the roles of government
and industry; it incorporated speeches by AE” commissioners and other
agency personnel; and it showed the positive results of an informal
opinion-poll of “company executives, Government officials, scientists,
lawvers, and others” with regard to opening the technology to private
enterprise. The poll left no doubt that technological developments had
created a strong interest in domestic nuclear-power application. The
overall document also showed that the 1946 act lacked the flexibility to
address the administrative and financial arrangements necessary for
commercial development. In summary, the report indicated the com-
plexity of the issues the government faced if it was to devise a national
nuclear-power policy. The Joint Committee intended to use the infor-
mation as a basis for hearings it scheduled for the following summer.”

In a statement opening the public hearings in June 1953, Joint Com-
mittee members emphasized that it was “necessary to develop a public
understanding of the subject [of private development of atomic power]
before determining whether a legislative expression of national policy
should be made.” Over the course of the month-long sessions, more
than fifty individuals representing forty-six companies, organizations,
and government agencies presented their views. All who testified seemed
to agree that atomic power was important to the future economy not
only of the United States but of the world. Most maintained that in order
to bring about power-reactor development, government assistance was
necessary, particularly in the areas of research and development, in-
vestment, public health and safety, and defense and security. Joint Com-
mittee chairman W. Sterling Cole suggested that the AEC should develop
plans for “research and development in the field of atomic power com-
ponents, pilot plants, and prototypes,” so that the private sector would
have guidelines to follow in planning its own participation. If nothing
more, the hearings showed an auspicious climate on Capitol Hill for
legislative changes to promote private development of reactor
technology. *
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The policy statement that retiring AEC chairman Gordon Dean pre-
sented to the Joint Committee hearings was a compromise between the
AEC staff's proposed approach to atomic power and the views of the
newly elected Dwight D. Eisenhower administration. Early staff drafts
had envisicned government development of atomic power with private
assistance. By contrast, Eisenhower’s advisers, especially those on the
National Security Council, called for more private development with
government assistance. Dean’s statement followed a middle course, sug-
gesting that both government and industry should participate, but leav-
ing in question how much financial support each one would contribute.
Dean suggested, and his designated successor Lewis Strauss reiterated
in his closing statement, that successful development would not totally
depend on either industry or government alone, but rather on a joint
venture that would draw the best from the government's technological
expertise and the competitive nature of the free-enterprise system. The
hearings reinforced this view in making it clear that private industry
was not prepared to assume the full cost of development and that gov-
ernment support would be necessary.

The summer hearings gave support to AEC plans to go forward with
funding of a major power-reactor development project the agency was
considering at the time. The Commission negotiated with the Duquesne
Light Company and the Westinghouse Electric Corporation to design,
build, and operate a demonstration pressurized-light-water reactor with
a sixty-megawatt electric capacity at Shippingport, Pennsylvania. Since
the 1946 act prohibited private ownership, the Commission would retain
title to the reactor while Duquesne Light owned the electrical portion-—
that is, the turbine and related electrical-generating facilities. Duquesne
would operate the plant, pay the AEC for the steam, and distribute the
power through its electrical grid. Westinghouse would design tihe facility.

The choice of Westinghouse as the prime design contractor and the
light-water reactor concept were based on the company’s successtul ven-
ture with Hyman Rickover’s submarine-propulsion project, whose land-
based light-water prototype had achieved criticality in March 1953 and
had generated power in May. Rickover’s naval reactors group had worked
with Westinghouse’s Pittsburgh-based Bettis Atomic Power Laboratory.
The success of the navy project prompted the AEC to ask Rickover to
work with the company on the Shippingport reactor.

The pressurized-light-water reactor constructed at Shippingport em-
ployed ordinary water as both moderator and coolant and was pres-
surized to keep the coolant stream from boiling. The reactor coolant
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circulated in a closed primary loop that included a steam generator. In
passing through the steam generator the primary-loop coolant trans
ferred heat to water flowing through a secondary loop, thereby gener-
ating steam that was fed to a steam turbine. Several considerations led
to the selection of this type of reactor for the Shippingport project.
Rickover’s previous work with pressurized-water reactors had brought
the technology to an advanced development stage relative to that of
other concepts. Experience had shown that pressurized-water reactors
were stable in operation, had advantageous safety characteristics, and
could achieve high power densities. Furthermore, ordinary water had
good heat-transfer properties, and enginieers were well acquainted with
its use as a heat-exchange medium. The Shippingport project greatly
enhanced the commercial prospects of the light-water reactor design
over other competing reactor systems.

Even with the relatively advanced and proven design of the light-
water machine, the cost of the Shippingport project was more than
private industry was prepared to commit. So in 1953 the AEC funded
the plant. In spite of and, in fact, because of the restrictive provisions
of the 1946 law, Shippingport was important in involving industry more
intimately in the development of central atomic-power stations. A more
subtle significance pointed to the need for statute revision if private
rather than government projects were to proceed.®

Throughout 1953, private-sector interest in peaceful uses of atomic
power became increasingly evident. The Joint Committee’s study un-
derscored this trend, as did the founding in the spring of the Atomic
Industrial Forum, an organization of businessmen, engineers, scientists,
and educators interested in atomic-energy development. The Forum
served as a stimulant to industrial participation; its board of directors
included executives of large corporations and universities who had a
direct stake in atomic development. Likewise, the Eisenhower admin-
istration, with its decidedly conservative and business-oriented dispo-
sition, strengthened the climate for a change in the law that would allow
private enterpiise to enter more fully into the atomic age.

The interest of government and industry leaders in atomic power arose
from a number of considerations. One was projected national-energy
requirements. Although conventional fuels were plentiful for the short
term, experts predicted that the United States would need sizable amounts
of atonic power for electrical generation in the fore :eable future. In 2
1952 report that commanded wide attention, the I resident’s Materials
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Policy Commission, chaired by William S. Paley, suggested that world
shortages of fossil-fuel sources might become serious as early as 1975.
While acknowledging the many existing uncertainties about the costs
and feasibility of harnessing atomic energy for power production, it
urged that development proceed to help meet future demands. Wit-
nesses at the Joint Committee’s 1953 hearings made the same point,
maintaining that atomic power would be an important component of
America’s long-range energy requirements.*

The projected energy demands of the United States were hardly encugh
in themselves to give a sense of urgency to the atomic-power program.
America’s need for electricity from nuclear fission appeared to be at least
a generation away, allowing ample time for a measured pace of devel-
opment. Other considerations, however, were of much more immediate
significance. The most prominent centered on the implications of fos-
tering the growth of atomic power for America’s international prestige
and leadership. Although the United States could meet its energy re-
quirements for many years without using atomic energy, in other nations
the need for new sources of power was more pressing.

Many authorities from inside and outside the government emphasized
the vital importance of maintaining America’s preeminent position in
nuclear technology. They echoed the statement of Gordon Dean during
the Joint Commuttee’s hearings: “It would be a major setback to the
position of this country in the world to allow its present leadership in
nuclear power development to pass out of its hands.” The strides Great
Britain was making in the field were disturbing enough, but the pos-
sibility that the Soviet Union might surpass the United States in peaceful
atomic progress was even more ominous. “We cannot be indifferent to
the enormous psychological advantage that the Soviets would gain if
they demonstrated to a tense and divided world the ability to put the
atom to work in peacetime civilian pursuits,” declared California con-
gressman Chet Holifield, a member of the Joint Committee. “The United
States will not take second place in the contest.” AEC commissioner
Thomas E. Murray addressed the same issue in a speech in October
1953, depicting a “nuclear power race” in which the “stakes are high.”
He added: “Once we become fully conscious of the possibility that power
hungry countries will gravitate toward the USSR if it wins the nuclear
power race, . . . it will be quite clear that this power race is no Everest-
climbing, kndos-providing contest.”*

Related to the concern for maintaining American leadership in nuclear
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power and enhancing its position in the world was an impulse to employ
atomic technology for constructive purposes rather than exclusively for
military requirements. “The elemental force of the split atom—the force
which protects this nation in the form of atomic weapons—will someday
be harnessed to make this world nearer our hearts’ desires,” remarked
joint Committee chairman Cole. “We have a positive obligation to show
decent people everywhere—by deed as well as by word-—that we wish
to share the benefits of peaceful atomic energy with all free peoples.”
The most dramatic statement of the desire to turn atoms into plo.vshares
was President Eisenhower’s address, “Atomic Power for Peace,” before
the United Nations General Assembly on 8 December 1953. Since as-
suming office the prcvious January, the president had become increas-
ingly concerned about the growing arms race and finding means to make
its implications clear to the American people. The Soviet detonation of
a thermonuclear device in August had intensified his determination to
explain frankly the perils of nuclear war. For months, Eisenhower’s
advisors worked on a draft speech, but the president found them too
negative in emphasizing the destructiveness of atomic energy. He finally
decided on a more positive approach that would point out the horror
of nuclear war while at the same time offering hope through expanding
the beneficial uses of atomic energy.*

In his United Nations speech Eisenhower cited the threat of “human
degradation and destruction” but coupled it with a proposal to apply
scientific resources and knowledge for more exalted purposes. He called
for the creation of an International Atomic Energy Agency to accept
contributions of fissionable materials from the nuclear powers. The agency
would allocate its supplies for “the peaceful pursuits of mankind.” In
this way, the president suggested, “the contributing powers would be
dedicating some of their strength to serve the needs rather than the fears
of mankind.” Eisenhower’s speech was partly propaganda; and, as he
privately acknowledged, his proposal, if adopted, would favor the United
States because it possessed larger stockpiles of nuclear arms than the
Soviets. But it also embodied a sincere urge on the part of the president
and many other authorities to transform atomic energy into a peaceful
and positive asset to serve the entire world.*

Eisenhower’s United Nations speech not only set the tone for a new
foreign-policy initiative but also for a new domestic atomic policy. In a
February 1954 message to Congress the president requested fundamental
changes in the 1946 Atomic Energy Act, further alerting the nation that
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his administration would place greater emphasis on both peaceful and
private development of atomic power. Eisenhower argued that general
progress in nuclear science and technology had outdistanced the most
optimistic predictions of 1946, making the existing legislation “inconsis-
tent with the nuclear realities of 1954.” Along with recommendations
for relaxing the 1946 law to allow friendly nations to share in restricted
data and research on atornic energy, he called on Congress to amend
the statute to encourage private domestic development of the technol-
ogy. He favored unlocking the government monopoly because he be-
lieved that private industry could “assure the greatest efficiency and
progress at the least cost to the public.” The president wanted the new
industry to proceed under government supervision, “with careful reg-
ulation to protect the national security and the public health and safety. il

By 1954, then, a confluence of perceptions and developments led to
a sweeping revision of the 1946 Atomic Energy Act and an end to the
government’s monopoly on nuclear technology. The technical know-
how for building atomic-power plants was available. A long-term need
for new sources of energy was widely accepted. A number of private
concerns had expressed deep interest in the use of atomic energy if they
could get access to information and if they received government assis-
tance. And the widespread desire to enhance America’s international
prestige, maintain its world leadership, and promote the beneficial ap-
plications of atomic energy infused a heightened sense of urgency to
inaugurating a full-scale atomic-power program.

As early as May 1953 the AEC staff had prepared draft legislation that
would embody a new approach to atomic power through amendment
of the 1946 act. Thorny questions regarding patents, use of source ma-
terial, international cooperation, use of classified information, and mo-
nopolization by those companies that had gained competenc~ by holding
AEC contracts were the important issues the staffand the ¢ 1issioners
adJressed. After customary submission to the Bureau of th - ' dget and
review and criticism by other agencies, the AEC sent two uraft pieces
of amending legislation, one dealing with the international and security
aspects of atomic energy, the other with private participation, to the
Joint Committee in February 1954

Corbin Allardice, the Joint Committee staff director, reviewed the AEC
bills and determined that a single piece of legislation would be preferable
to the AEC amendments, Chairman Cole later explained to his House
colleagues why the AEC drafts were objectionable. Those bills, he said,
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“gave the President such rather complete, unlimited, and unrestricted
authority, both in the domestic and in the international field,” that he
refused to introduce them. He insisted that they would not have been
acceptable to the Joint Committee and certainly not the entire House.

Consequently, Cole, Joint Committee vice-chairman Bourke Hicken-
looper, Allardice, and committee counsel George Norris, Jr. drafted a
new consolidated bill. Norris, with extensive industrial experience, was
particularly helpful in writing portions of the legislation that would bring
private industry into the atomic-energy field. Considered by some as
the father of the 1954 act, Norris selected the Federal Communications
Act of 1934 as a model for the new legislation and extracted aimost
verbatim the licensing provisions of that law for the atomic bill. The
initial draft was then thoroughly discussed in committee. Cole later
commented: “The Joint Committee . . . spent 5 weeks, | believe, going
through that bill, paragraph by paragraph, line by line and item by item.”
By April 1954 the bill was ready.™

The committee scheduled both executive-session hearings and public
hearings that opened on 3 May and ran unti' 18 Jure. Initially, the Joint
Committee met with the commissioners in closed session to gather their
views on the proposed legislation. The first meeting on 3 May, however,
turned to concerns among the commissioners over their collegial role in
running the agency. The exchange of views, particularly between Chair-
man Strauss 3nd Commissioner Thomas E. Murray, underscored the
personal bitterness that had arisen between the two men and foreshad-
owed future policy conflicts within the Commission.*

President Truman had appointed Murray to the Commission in May
1950, shortly after Strauss had left. A millionaire by inheritance, Murray
was the son of an immigrant Irishman who made a fortune through
construction of power-generating stations in New York that later became
the nucleus of the Consolidated Edison network. Trained in mechanical
engineering at Yale, the younger Murray became an industrialist in his
own right after moving into his family’s electrical-manufacturing busi-
ness. In his early career he acquired more than two hundred electrical
and welding patents and became president of the Metropolitan Engi-
neering Company. Furthermore, he was an intluential director of its
parent organization, the Murray Manufacturing Company, which made
welding devices and electrical switches.

A devout religious and family man, Murray exhibited strong character
and moral convictions. He attended Roman Catholic mass every day
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and built private chapels in his Long Island home and Park Avenue
apartment. He presided over a family of eleven children and took great
pride in the fact that two of his sons were Jesuit priests. His frail ap-
pearance was coupled with a bashful voice and gentle manner that
outwardly belied a strong will and stubborn pride. When he believed
he was on the correct side of an issue, he was a tenacicus fighter. In
his sixties when he joined the Commission, Murray took enormous pride
in what he thought the atom could do to better the condition of the
world. He viewed nuclear technology as a divine gift that the Unii.d
States had a moral duty to develop to prove the superiority of its cap-
italistic society.”

Henry DeWolf Smyth and Eugene M. Zuckert were also old hands,
having served on the Commission since 1949 and 1952 respectively. Both
would leave before tiie year was out. Smyth, a brilliant Princeton phys-
icist who had worked on the Manhattan Project, replaced Bacher as the
scientist on the Commission. Zuckert, a Yale-educated lawyer, had helped
organize the new Department of the Air Force in 1945 and became
assistant secretary the following year, experiences that gave him a keen
sense for administration. The fifth commissioner was Joseph Campbell,
on leave from his position as treasurer of Columbia University, who had
joined the Commission in the same month as Strauss.

The issue that caused disagreement centered on language in the Joint
Committee bill that designated the chairman as “principal officer” of the
Commission. It brought to a head the role Strauss had followed since
his appointment the previous July as both chairman and special adviser
to the president on atomic energy. To Murray in particular, and to a
lesser degree to Smyth and Zuckert, the “principal officer” phrase in-
dicated that Strauss sought to undermine the equality and collegiality
among the commissioners that had generally prevailed since theagency's
establishment. Strauss pointed out that the 1946 act did not delineate
the chairman’s responsibilities in relation to those of the commissioners,
and that no consensus had developed on how to clarify the situation.
He argued that the chairman should have more authority than the 1946
act had granted.”

Murray’s views reflected the personal animosity that had grown be-
tween him and Strauss. He expressed his concern that “centralization
of authority in the chairman” might “invalidate the effectiveness of the
commission form of organization.” In a comment dire :ted at Strauss,
Murray told the Joint Committee that “exploitation \ f the indefinite
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meaning of principal officer would pave the way to a de facto one-man
commission.” The issue was not resolved until Murray submitted to the
Joint Committee suggested clarifying language for the principal-officer
section, stipulating that each commissioner have “equal authority and
responsibility” and “full access to all information.” The Joint Committee
then revised the bill. It designated the chairman as “official spokesman”
rather than “principal officer” and incorporated Murray’s suggestion that
each member of the Commission “have equal responsibility and au-
thority” in all actions.”

The Committee’s debate on the principal-officer issue revealed tension
among the commissioners just at the time when the agency was about
to be given expanded responsibilities. The issue underscored the legal
ambiguities defining the role of the chairman and the commissioners,
which, in effect, ailowed the chairman’s position to be based on the
personality and operating style of a particular incumbent. Lilienthal and
Dean had largely avoided problems vecause their personalities had
bridged any potential major disagreements. But it appeared that Strauss
was placing his imprint on the Commiss n through his combative style.
The problem was deepened further by Strauss serving both as chairman
and as special adviser to the president, which allowed him access to
information denied the other commissioners.

In addition to personality conflicts among the commissioners, some
substantive policy differences arose between the Joint Committee and
the AEC on the proposed legislation. Two major areas involved own-
ership of fissionable material and the always complicated question of
patents. The Joint Commuttee bill required government ownership of
fissionable materials; the AEC argued it would be impractical for the
government to retain ownership if it was going to allow private own-
ership of reactors. Much discussion took place on the subject both in
executive session and in the public hearings. Generally, private industry
supported the AEC argument. But the Joint Committee, sensing that
Congress would never pass a bill that allowed private ownership of
fissionable material sufficient to make weapons, insisted on continued
government control.™

T'he patent question arose from the section that abolished the special
patent provisions of the 1946 act without substituting any transition for
licensing of patents developed under government contract. Strauss, re-
flecting not only the agency view but that of President Eisenhower,
argued for a transition period of compulsory licensing of patents de-
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veloped under government contract. This would prevent monopoly of
the industry by a few companies that had secured an advantage as
contractors to the AEC. This issue also received prolonged discussion
in the public hearings, and was set in a iarger contextual argument over
industrial monopoly. The AEC’s position prevailed as Congress com-
pletely revised the section on patents in its bill requirir.g licensing for a
five-year period. After a sustained argument over this issue in a later
House-Senate conference, it remained intact in the final bill.*

The purpose of the revisions of the 1946 act was to allow atomic
technology to enter the mainstream of American industrial life. In re-
marks to the House in April when the original bill was introduced,
Sterling Cole indicated that the major intent of the act was to “give a
material and substantive start in law to a new atomic industry.” The
Joint Committee’s hearings and the long, hot summer debate resulted
in a thorough analysis of the bill's provisions, including heated ex-
changes on whether the government should allow private industry to
produce atomic power, and if so, on what terms. Industrial spokesmen
quite naturally favored amending the 1946 law in order to foster a civilian
atomic-power industry, although some had reservations about the draft
bill. Walker L. Cisler, president of the Detroit Edison Company, stated
that industry was eager to participate in the development of atomic
power. Cisler bluntly put the responsibility on the legislators: “The ques-
tion Congress must consider is whether at this critical period in the
development, industry using its own funds, will be given the oppor-
tunity to perform its natural function of seeking out economic methods
of utilizing this natural energy resource and making the resulting ben-
efits available to all in a normal manner, or whether industry is to be
restricted in its opportunities by a continuation of the existing law. In
our minds we must proceed along natural and traditional lines.”*

Alfred Iddles, president of the Babcocl: and Wilcox Company, a major
industrial-equipment manufacturer, argued that the inclusion of private
eaterprise it the ¢velopment of atomic power “can only be attained if
the basis of participation is made sufficiently attractive for investment
of private capital.” He thought that elements of the draft bill, especially
the licensing provisions and government retention of ownership of spe-
cial nuclear materials, would reduce interest in private investment. Fran-
cis K. McCune, general manager of the Atomic Products Division of
General Electric, spoke about the problem of regulation. Although he
thought it “inevitable that atomic energy will be one of the most heavily
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regulated of al! American industries,” he maintained that the regulatory
structure need not be an obstacle to development. “To the degree that
the rules of the game established by the act are ciear, the Commission
and industry will be able to work together, and will be able to avoid
disputes about what may, or may not, be done. This is the most im-
portant single condition to the successful growth of a regulated
industry.”¥

In closing his February 1954 message to Congress proposing new
atomic-energy legislation, President Eisenhower recommended autho-
rizing the AEC “to establish minimum safety and security regulations
to govern the use and possession of fissionable material.” In accordance
with his emphasis on the greatest possible encouragement of private
development of atomic energy, he urged flexibility in the licensing and
regulatory provisions of the law.*

Congress followed his advice. The legislators thought it would reflect
poorly on them if they wrote legislation that was too specific or too rigid.
They used broad statutory language and left implementation to the ex-
perts: the engineers, scientists, attorneys, and businessm..n whose task
would be to apply their special skills and knowledge to make the general
law work. Throughout the 1954 act’s sections on licensing and regulation,
the phrase “to protect the health and safety of the public” stated the
objectives of those functions in the most general of terms.”

Although the goal of protecting public health and safety was cited
frequently throughout the act, the legislative history revealed little dis-
cussion on the subject or attempts to define the dangers to health and
safety. The Senate and House reports on the legislation contrasted con-
ditions in 1946 with those in 1954. In 1946, the reports said, “there was
little experience concerning the health hazard: involved in operating
atomic plants,” while by 1954 it had become “evident that greater par-
ticipation in power development need not bring with it attendant haz-
ards to the health and safety of the American people.” The 1954 legislation
left specific standards in the area of public health and safety to the AEC.
As a consequence, the agency faced the task of developing both a reg-
ulatory organization and a licensing mechanism that would grow side
by side with the new industry. How well it could perform that function
was unknown at the time, but there appeared little concern on the part
of the administration, members of the Joint Committee, or the Com-
mission about whether it could carry out its responsibilities for public
health and safety ®
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Congress finally passed the new Atomic Energy Act in August 1954,
despite the objections of some legislators who complained that it would
lead to private monopoly of atomic power and preclude public-power
initiatives. Eisenhower signed the measure into law on 30 August.®

The 1954 law provided a new and optimistic symbol to stand beside
the negative ones that had dominated since the Hiroshiraa and Nagasaki
bombings of 1945. Althcugh the law reaffirmed national policy on mil-
itary applications of the awom, it added some wider dimensions. The
new law embodied the positive aspects of atomic technology and re-
flected the changing technological, political, and industrial milieu by
instructing the AEC to provide “a program to encourage widespread
participation in the development and utilization of atomic energy for
peaceful purposes.” Although the Commission still would spend most
of its time building and testing weapons, retain ownership of fissionable
materials, and hold vast files of restricted data on atomic technology, it
had acquired new authority to develop a technology from which many
important benefits were expected. In guiding the transition of atomic
energy from strict government control to commercial use by private
enterprise, the AEC also assumed responsibility for protecting public
health and safety from the hazards that would accompany industrial
growth.



II

THE PRINCIPLES OF
RADIATION PROTECTION

The possibility that workers in atomi: plants or the general public
could be exposed to radiation in con~atrations high enough to cause
serious injury was the paramount danger of the expanding use of peace-
ful atomic energy and the central focus of the Atomic Energy Commis-
sion’s regulatory policies. Although scientists and health experts had
recognized and studied the harmful effects of radiation for many years,
radiation hazards did not become a source of sustained public interest
until the mid-1950s. At that time, nuclear-bomb testing by the United
States, Great Britain, and the Soviet Union generated widespread con-
cern about the health implications of radioactive fallout. The faliout
question greatly increased public awareness of radiation and stirred con-
tentious debate about the magnitude of its risks. Scientists divided in
their opinions about fallout hazards, largely because empirical evidence
was inadequate and inconclusive. The issues of what levels of exposure
were acceptable and how to balance the dangers of radiation against its
benefits inevitably involved subjective assessments and political judg-
ments. The fallout controversy was the key factor in stirring political
responses and defining public attitudes toward radiation during the late
1950s and early 1960s. It also exerted a major impact on the AEC’s
formulation of radiation-protection standards for its peacetime atomic
programs.

Initially, the general public had viewed radiation more with fascination
than with fear. One form of radiation was first identified in 1895 when
German physicist Wilhelm Konrad Roentgen discovered X rays. The
announcement of Roentgen’s findings generated a wave of excitement
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that was fueled by numerous newspaper and magazine articles, public
demonstrations of X-ray machines, promises that unwanted body hair
could be removed, and experiments on therapeutic uses of X rays. Sci-
entific interest in X rays soon led to the detection of other forms of
radiation that weve produced by radioactivity. After French physicist
Henri Becquerel discovered natural radioactivity in 1896, Pierre and Marie
Curie elaborated on his work and isolated the highly radinactive ele-
ment radium in 1898, Information—and much misinformation—about
radium was disseminated in a plethora of books, articles, editorials, and
lectures. The element was credited with a rich variety of beneficial uses,
such as curing cancer and blindness, determining an unborn child’s sex,
and changing skin pigment. In the popular hoopla over the wonders of
X rays and radium, the hazards of radiation were generally overlooked,
though concern that X rays might compromise feminine modesty in-
spired at least one firm to promote Jead-lined undergarments.’
Scientific investigators quickly learned, however, that radiation could
cause much more serious problems. Researchers who worked with X rays
and radioactive materials reported loss of hair, skin irritations, and in
some cases severe burns in exposed areas. Within a short time after the
discovery of X rays and radioactivity some scientists and physicians had
concluded that heavy doses of radiation could produce sterility, bone
disease, and cancer. Those and other harmful consequences arose from
the ionizing effect of radiation on human cell structure, a process that
was incomprehensible at the time and incompletely understood even
much later. Radiation is energy, whether in the form of X rays or in the
form of alpha or beta particles or gamma rays, which are emitted as the
atomic nuclei of radioactive elements undergo spontaneous disintegra-
tion. The products of radioactive decay differ from one another in mass,
electrical charge, and power of penetration. When radiation passes
through matter and collides with surrounding atoms, it can alter their
structure, often by stripping electrons from them. This creates fragments
called ions. Such changes in the composition of a cell’s atoms can cause
mutations or cell death and ultimately lead to serious biological injury.
The severity of hazard depends on a number of variables, including the
dose of radiation absorbed, the rate at which it is received, the sensitivity
of different body organs, and the form of radiation to which one is
exposed. Gamma rays from natural radioactive decay and X rays from
man-made machines can penetrate far inside the body from ex.. ., |
sources; alpha and beta particles are too weak to penetrate deeply fro:n
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outside but are harmful if breathed or swallowed and lodged in internal
organs.’

Reports of injuries caused by X rays created signs of public concern
that galvanized professional efforts to promote precautions against
X-ray hazards. As early as 1913 the German Roentgen Society developed
a list of guidelines to shield X-ray operators from excessive exposure,
and the British Roentgen Society took similar action two years later. In
response to a significant increase in the use—and misuse—of X rays
during World War 1, a group of British radiologists and physicians formed
a radiation-protection committee in 1921 and issued a series of more
detailed recommendations for safeguarding workers from the harmful
effects of X rays and radium. During the 1920s growing recognition of
serious health problems stemming from overexposure to radium
prompted professionals to devote even more attention to devising pro-
tective measures against radiation. Their activities culminated in 1928,
when the Second International Congress of Radiology organized the
International X-Ray and Radium Protection Committee, which was orig-
inally composed of five members from different countries. The following
year, representatives of four professional societies and several X-ray
equipment manufacturers in the United States formed an eight-member
American counterpart of the international committee, the Advisory
Committee on X-Ray and Radium Protection. The American committee
established an informal connection with the U.S. National Bureau of
Standards because of its leadership in radiation research and because
the international committee had asked the Bureau to designate an official
U.S. delegate to its meetings. The Bureau agreed to publish reports of
the national committee, though it stipulated that it would not officially
endorse the committee’s recommendations.’

Both the interiational and the U.S. committees were informal groups
of experts who gathered periodically to discuss findings, provide infor-
mation, and offer guidance on radiation protection. Neither had any
official standing or statutory authority; their influence derived from the
respect their members commanded. Contacts between the committees
and overlaps in their memberships contributed to a general consensus
in their positions. Lauriston S. Taylor, a Cornell-trained physicist who
had joined the National Bureau of Standards in 1927 to organize an
X-ray standards program, served as chairman of the American committee
and U.S. representative on the international body.

In their initial meetings each committee refrained from boid new state-
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ments, though they did adopt suggestions for safeguarding radiation
workers that enlarged and refined earlier proposals. In 1934, however,
both the American and the international committees tock an unprece-
dented step by recommending a quantitative “tolerance dose” of radia-
tion. During the 1920s scientists had researched and discussed the
possibility of defining a numerical level below which radiation would
not cause observable injury, but knowledge and experimental data were
too limited to allow development of specific criteria. Only after more
information became available did radiation experts feel confident enough
to propose a tolerance dose. The levels they recommended were based
on a unit of measurement that had recently gained wide acceptance, the
roentgen (r). A roentgen indicated the quantity of X rays or gamma rays
that would produce a specified degree of ionization under prescribed
conditions. The U.S. committee agreed on a tolerance dose of 0.1 r per
day for whole-body exposure to radiation and 5 r per day for fingers.
The international committee set a whole-body limit of 0 2 r per day from
X rays, though unlike the American group, it excluded radium-produced
gamma rays from its recommendations.*

Although the international committee’s tolerance dose for X rays was
twice as permissive as that of the U.S. committee, the discrepancy re-
sulted not from any fundamental disagreement but from differences in
rounding off similar figures calculated from available data. Both groups
based their recommendations on evidence that they acknowledged was
incomplete, and neither claimed that its tolerance dose was definitive.
They believed that available information made their proposals reason-
able and provided an adequate margin of safety for persons in normal
health working in average conditions. The radiation experts did not
regard the exposure levels as inviolable rules; a person who absorbed
more than the recommended limits would not necessarily suffer harm.
Both committees recognized that exposure to radiation in any amount
might be detrimental, but they considered levels below the tolerance
dose to be generally safe and unlikely to cause permanent damage “in
the average individual.” Their recommendations represented a tentative
effort to establish practical guidelines that would reduce injuries to ra-
diation workers. Although the tolerance doses were based on imperfect
knowledge and unproved assumptions, they were an important advance
in the theory and practice of radiation protection.’

In addition to their efforts to control the dangers of X rays, radiation
experts became increasingly concerned about the effects of “internal
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emitters” taken into the body. Unlike X rays, which can penetrate deeply
through the skin from external sources, the alpha and beta particles that
internal emitters give off are too weak to penetrate into vital human
tissue from outside the body. But if they enter the body by consumption
of irradiated food or liquids or by breathing contaminated air, their
radioactivity poses grave hazards because of the damage it can cause in
surrounding tissue. Scientists initially became aware of the effects of
internal radiation from tragic experiences with radium. During the 1920s
medical reports first cited the harmful and sometimes fatal consequences
suffered by workers who painted radium dials on watches and who
frequently licked their brushes to a point to facilitate their tas!:. Other
illnesses and fatalities resulted from usage of radium for its alleged
curative powers. Physicians sometimes prescribed radium-spiked water
or injected radium intravenously to treat a variety of disorders ranging
froin acne to heart disease, and some companies sold radium solutions
as an all-purpose health tonic. Cases of cancer, other serious diseases,
and deaths attributable to ingestion of radium generated wide publicity
and concern during the 1920s and 1930s and helped spur scientific in-
vestigation on the effects of the element. Researchers learned that once
inside the body, radium tends to settle in bone tissue, where it is virtually
impossible to dislodge and impervious to medical treatment. Therefore,
it was essential to prevent harmful concentrations of the element from
entering the body. On the basis of extensive research and deliberation
on what constituted a safe level of radium, the U.S. Advisory Committee
on X-Ray and Radium Protection advised in 1941 that any worker who
showed a deposit of more than 0.1 micrograms of radium should change
employment immediately. It also recommended a maximum concentra-
tion of radon gas, a decay product of radium, in the air in working
places.®

The findings and recommendations of the American radiation-pro-
tection committee provided the basis for radiological health programs
during the wartime Manhattan Project. The Project’s Health Division,
established in the Metallurgical Laboratory at the University of Chicago
in mid-1942 and headed by University of California radiologist Robert
S. Stone, confronted some formidable problems. Not only was existing
scientific understanding of radiation from X rays and radium tenuous
and problematical, but experiments with nuclear reactions created many
new radioactive substances about which even less was known. Fur-
thermore. the effort to build an atomic bomb exposed many more people
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to radiation than the relatively few who had worked earlier with Xrays
and radium. Mindful of the severe injuries resulting from ignorance of
the harmful effects of X rays and radium in previous years, the Health
Division insisted on conservative standards and practices to safeguard
employees of the Manhattan Project. For radiation from external sources
it adopted the level recommended by the U.S. Advisory Committee on
X-Ray and Radium Protection, and for internal emitters it set a goal of
preventing any exposure at all. The objectives could not always be
achieved; cases of overexposure inevitably occurred. The most serious
were accidents in August 1945 and May 1946 that each claimed the life
of a researcher who received acute doses of radiation. But overall, the
Manhattan Project compiled a remarkable safety record, especially in
light of the extraordinary exigencies of time and the many uncertainties
about the nature of the materials being handled. Research done by the
Health Division significantly enhanced scientific knowledge about the
biological effects of radiation and led to the development of improved
instruments for detection and measurement of it.”

The dawn of the atomic age made a careful reassessment of prewar
radiation-protection precepts and practices essential. In the immediate
postwar years, both the American and the international radiation-pro-
tection committees made organizational changes, modified their philos-
ophy of radiological safety, and lowered their suggested exposure levels.
Since its activities would inevitably extend beyond X rays and radium,
in 1946 the U.S. body adopted a new name, the National Committee on
Radiation Protection (NCRP). It reaffirmed Lauriston Taylor as chairman,
enlarged the membership of its “main committee” to twenty-six, and
created several subcommittees to study specific problems. The NCRP
included among its new members representatives of government agen-
cies concerned with radiation protection, such as the U.S. Public Health
Service, military departments, and the Atomic Energy Commission. The
committee was determined to preserve its independence and avoid un-
due influence by the government, though it maintained its ties with the
National Bureau of Standards and accepted limited funds from the AEC
to defray travel expenses of its members.”

The relationship between the NCRP and the AEC was informal and
generally cooperative, but at times it was uneasy. The AEC took a keen
interest in the committee’s activities because the NCRP’s recommen-
dations indirectly affected its operations. When the AEC learned that
the NCRP was considering lowering the tolerance dose for radiation
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workers, it pressed for information in advance of formal publication.
Despite the reluctance of some members, the NCRP agreed to give the
AEC preliminary guidance on what its new exposure levels were likely
to be. The committee was less accommodating on another AEC request.
In February 1947 the AEC asked to review an updated edition of an
NCRP handbook on X-ray protection prior to publication to make certain
that it contained no restricted data. The request caused the NCRP “con-
siderable concern.” It replied that it would submit potentialiy sensitive
material that the AEC was legally obliged to protect, but found it un-
necessary and undesirable to do sc with publications on subjects outside
the AEC’s jurisdiction, such as the X-ray handbook. The AEC accepted
that argument while reiterating its insistence that the NCRP guard against
the inadvertent disclosure of classified information.’

Shortly after its 1946 reorganization, the NCRP reassessed its position
on radiation-exposure limits. Largely though not solely because of ge-
netic considerations, it abandoned the concept of “tolerance dose,” which
assumed that exposure to radiation below the specified limits was gen-
erally harmless. Experiments in genetics with fruit flies indicated that
reproductive cells were highly susceptible to damage from even small
amounts of radiation and that mutant genes could be inherited from a
parent with no obvious radiation-induced injuries. At least for genetic
effects, most scientists had rejected the supposition before World War
II that exposure tc radiation was biologically innocuous below 2 certain
threshold. The NCRP took action that reflected the consensus of opinion
by replacing the terminology of “tolerance dose” with “maximum per-
missible dose,” which it thought better conveyed the idea that no quan-
tity of radiation was certifiably safe. It defined the permissible dose as
that which, “in the light of present knowledge, is not expected to cause
appreciable bodily injury to a person at any time during his lifetime,”
and explicitly acknowledged the possibility of suffering deleterious con-
sequences from radiation in amounts below the allowable limits. But the
NCRP emphasized that the permissible dose was based on the belief
that “the probability of the occurrence of such injuries must be so low
that the risk would be readily acceptable to the average individual.”"

The number of people working with radiation sources was still too
small to threaten significant changes in the genetic composition of the
entire population, and the NCRP pointed out that for the present, genetic
considerations were not a “limiting factor” in setting permissible occu-
pational levels. Nevertheless, genetic effects of radiation not only could
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have painful consequences for individuals but also were “likely to add
to the number of undesirable genes present in the population.” Because
of the growth of atomic-energy programs and the substantial increase
in the number of individuals who were subject to injuries from radiation,
the NCRP revised its recommendations on radiation protection. It re-
duced the permissible dose for whole-body exposure from external
sources to 50 percert of the 1934 level. It measured the new whole-body
limit of 0.3 r per six-day week by exposure of the “most critical” tissue
in blood-forming organs, gonads, and lenses of the eyes; higher limits
applied for less sensitive areas of the body. For persons over forty-five
years old the committee set values twice as high as the basic levels
because older individuals were less likely to have children and pass
mutant genes to succeeding generations. Although the NCRP did not
formally publish its recommendations on permissible limits from exter-
nal sources until 1954, it had agreed on its main conclusions by 1948."

The NCRP also devoted careful attention to internal emitters. In the
postwar period the major peril of internal emitters stemmed not somuch
from misuse of radium as from the growing numbers of and expanded
work with radioactive isotopes. Nearly every element has three or more
isotopes, which have identical chemical properties but differ slightly in
their nuclear composition. Only a few isotopes are naturally radioactive.
Most radioactive isotopes are produced artificially in particle-accelerating
machines or in nuclear reactions. Uranium fission in an atomic reactor
or bomb, for example, creates as by-products many radioactive isotopes
that do not occur naturally. The onset of the atomic age, therefore,
greatly increased the number of radioactive izstopes in existence. Al-
though under controlled conditions they serve useful purposes in re-
search, industry, agriculture, and medicine, they can pose grave dangers
if they enter the atmosphere or water supply. After a four-year study
by one of its subcommittees, the NCRP published in 1953 a handbook
citing maximum permissible amounts in the human body and concen-
trations in air and water of a long list of radioacti se isotopes. The com-
mittee based its recommendations on existing <nowledge of X-ray,
gamma-ray, and radium injuries, comparison wi h the effects of natu-
rally radioactive isotopes, experiments with animals, and limited clinical
experience with humans. To provide an adequate margin of safety, it
proposed permissible levels as low as one-tenth of the numerical values
derived from the available data.”

In the case of internal emitters, as with external sources of radiation,



40 THE PRINCIPLES OF RADIATION PROTECTION

the NCRP did not regard its maximum permissible doses as final or
definitive. Despite increased knowledge and greater experience, many
uncertainties about the effects of radiation remained. In establishing
exposure levels the NCRP considered both the risks inherent in and the
benefits derived from radiation. It worried that if it recommended limits
that were impractically low, it would unduly discourage use of radio-
active materials. Therefore, it set levels that seemed attainable and at
the same time offered reasonable assurance that radiation workers would
not suffer harm. The NCRP believed its recommendations were con-
servative enough to make the chances of serious injury statistically slight.

The activities of the international committee, which was renamed the
International Commission on Radiological Protection (ICRP), followed
the example of the NCRP in the early postwar years. It too enlarged its
membership, formed several subcommittees to examine specific prob-
lems, and abandoned the use of “tolerance dose” in favor of “maximum
permissible dose.” The ICRP also lowered its suggested occupational
whole-body exposure from external sources tc match that of the Amer-
ican committee (0.3 r per week) and issued recommendations for internal
emitters which duplicated those of the NCRP. In its only major departure
from the NCRP, the ICRP proposed a maximum permissible dose of
one-tenth the occupational levels in case of exposure by large numbers
of people. The basic recommendations of both committees applied only
to radiation workers. But in view of the growing scientific recognition
of the genetic effects of radiation and the possibility that the general
population, or at least a significant part of it, might be exposed in ac-
cidental or emergency situations, the ICRP agreed in 1953 on reducing
the occupational level by a factor of ten. Although the NCRP had es-
tablished the same limit for minors under age eighteen, it refused to do
so for the entire population. The committee wished to avoid the ap-
pearance of a double standard of protection, one for radiation workers
and one for the general public. While the ICRP's recommendations on
the issue were arbitrary and tentative, they represented the first formal
effort to establish radiation-protection guidelines for large groups out-
side “controlled areas.”"

Knowledge of the findings and recommendations of the NCRP and
ICRP was confined mostly to scientific circles. The general public re-
mained largely unaware of radiation hazards other than those associated
with atomic warfare. The use of atomic bombs against Japan gave the
public a dramatic introduction to the effects of radiation, and an out-
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pouring of books, articles, and popular films provided constant re-
minders. But public attitudes toward radiation, whether shaped by
accounts as moving as John Hersey’s Hiroshima or by horror films fea-
turing giant radioactive ants, reflected concerns about atomic weapons
rather than about dangers from civilian uses of radioactive substances.
Although abuse of X rays and radium became less common as scientific
recognition of their risks increased, continuing misuse testified to pre-
vailing public innocence about potentially harmful exposure to radiation-
producing machines and materials. As late as 1953, for example, an
American company advertised contraceptive jelly containing radium.
Many shoe stores used X-ray devices called fluoroscopes to fit customers,
which posed some hazards for patrons and even greater ones for the
employees who operated the machines. Some hospitals X-rayed new-
born babies for the sole purpose of showing the parents their offspring’s
bone structure.'

In the mid- and late 1950s the American public’s unfamiliarity with
the dangers of radiation outside the immediate vicinity of an atomic
explosion gave way to growing anxiety, largely generated by reports
about radioactive fallout from atomic-weapons tests. The development
and \esting of hydrogen bombs not only heightened fears about the
effects of a nuclear war but also alerted the public to the risks of radiation
exposure from any source. Recognition of the fact that one could suffer
deleterious consequences from radiation without being near the site of
a nuclear blast gradually became more widespread. A harbinger of future
events occurred when the AEC conducted a series of atomic (but not
hydrogen) bomb tests at its Nevada Proving Grounds in the spring of
1953. One shot on 19 May spread radioactive particles over areas more
than a hundred miles from the test site. The AEC advised residents of
St. George, Utah to stay indoors until the radioactive cloud passed over
and stopped traffic on main highways in southern Utah and northern
Nevada to check for contamination. Agency officials insisted that radia-
tion levels were too low to be harmful, but doubts about those assurances
arose when southern Utah sheepmen complained about extraordinarily
heavy losses in their herds at the time of the tests. After conducting an
investigation, the AEC announced in January 1954 that the sheep deaths
could not be attributed to radiation exposure, though it failed to cite the
uncertainty about its conclusions among some scientific authorities who
worked on the inquiry. The AEC’s report, as the New York Times ob-
served, “was not much consolation to the sheepmen, but by the same
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token implied reassurance to the population at large.” The test series,
the dispersion of radioactivity to inhabited areas, and the sheep losses
attracted public attention, but the reaction was generally restrained.”

The hazards of radioactive fallout became a subject of much more
widespread publicity, comment, and concern after a U.S. hydrogen-
bomb test in the Pacific in March 1954 accidentally contaminated a Jap-
anese fishing vessel. Although the boat, named the Lucky Dragon, was
eighty to ninety miles from the test site at the time of the blast, it was
showered by radioactive ash. Members of the crew suffered skin irri-
tations and burns, nausea, loss of hair, and other afflictions of radiation.
One of the men died within six months, either directly from exposure
to radiation or, more likely, indirectly-~from hepatitis caused by a blood
transfusion administered to treat the symptoms of “atomic sickness.”
News of the fate of the Lucky Dragon created a panic in Japan and alerted
the world to a new atomic peril. Although the AEC initially described
its test explosion as “routine,” it soon became apparent that the United
States had detonated a weapon of startling dimensions. It was not only
much larger than previous bombs but also spread incontestably dan-
gerous levels of radioactivity far beyond the immediate vicinity of the
blast.'¢

The destructive power of the atomic bombs dropped on Japan in World
War Il and in subsequent tests derived from the force of the blast, heat,
and radiation within a relatively limited area. High-yield thermonuclear
bombs, such as those tested by the United States in 1954, greatly ex-
tended the radius of the area affected by the blast, and also, if detonated
at or near ground level, spewed radioactive debris over thousands of
square miles. The most lethal fallout was that which immediately fol-
lowed the blast. The fallout that showered the Lucky Dragon contami-
nated a cigar-shaped area about 220 miles in length downwind and up
to 40 railes in width with high levels of radiation. Because most of the
radioisotopes created by such an explosion are short-lived, the major
portion of radiation disappeared fairly rapidly. But longer-lived radio-
active particles could be carried by the winds around the entire globe.
Although their radioactivity gradually decreased, the low levels of ra-
diation they emitted still could pose a heaith hazard when they de-
scended to the earth over an extended period of time. The longer-lasting
radioisotope that seemed most worrisome was strontium 90. On the
basis of studies of the consequences of a nuclear war, the AEC had
concluded in 1953: “Of the radioisotopes resulting from the detonation
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of nuclear weapons, strontium-90 appears to be critical in the determi-
nation of hazardous long-range effects.” It has chemical properties sim-
ilar to those of calcium and, if inhaled or swallowed, collects in bones
and gives off radiation internally. If strontium 90 settles on edible plants
or in the soil, it can contaminate food supplies. Thus, radioactive fallout
not only threatened those in the vicinity of or directly downwind from
an atomic blast but potentially affected people in every part of the world. ol

The opening of a more perilous phase of the nuclear-arms race and
stories about the menace of fallout generated concern throughout the
world. “Talk and worry over the H-bomb's radioactive ‘fall-out’ is spread-
ing,” reported Time magazine in November 1954. To offset press accounts
on the subject, which Chairman Strauss described as “very naturally
... treated in a sensational manner,” and to provide guidance to the
public on how to protect itself in case of an atomic strike, the Atomic
Energy Commission prepared a report on the effects of thermonuclear
weapons and radioactive fallout. Strauss pressed for early publication
of the statement after its completion, but objections from other admin-
istration officials, particularly Secretary of State John Foster Dulles, de-
layed its release until 15 February 1955. In a dispassionate and
straightforward manner the AEC’s report described the awesome power
of hydrogen bombs and the dangers of widespread radioactive fallout
they produced. It concluded, however, that “simple precautionary mea-
sures” could greatly diminish the perils of fallout if the United States
was attacked with thermonuclear weapons. It also maintained that fall-
out from nuclear testing did not expose the American population to
significant levels of radiation or pose a hazard to public health. The AEC
argued that the risks of fallout from test explosions were small compared
to the national-security benefits they provided. “The study and evalu-
ation of weapons effects and civil defense protection measures must be
a necessary duty of our government,” the statement declared. “The
degree of risk must be balanced against the great importance of the test
programs to the security of the nation and of the free world.”"*

The AEC’s attempts to calm public fears produced, at best, mixed
results. The agency intended its February report to be reassuring, but
the information it presented was unavoidably disquieting. The new bombs
and the threat of fallout, wrote Michael Straight in the New Republic,
heralded “a foreboding future.” A series of U.S. tests of small atomic
bombs in Nevada in early 197, and Soviet hydrogen blasts later in the
year raised levels of radioactivity over large areas and rekindled public
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anxieties. Despite public opinion polls that revealed a remarkable degree
of ignorance about the nature of fallout, news about the effects of nuclear
explosions called attention to the hazards of radiation in general. A series
of articles on radiatior in the Chicago Sun-Times in January 1955, for
example, emphasized the implications of fallout but also warned about
the potential dangers of peaceful applications of atomic energy. “The
atoric age’s golden promise is tarnished by a widely held scientific
prediction,” wrote reporter Carl Larsen. “It is that eventually man will
have to limit his exposure to radiation sharply. . . . As the atoms-for-
peace program gets into high gear, wider policing of radiation hazards
is being urged.”"”

Although the biological consequences of exposure to heavy r« iation
doses were clear, scientists remained uncertain about the effects of low-
level radiation and the degree of risk it posed. Most agreed with the
AEC that bomb tests had not raised levels of radiation enough to be
harmful, but some believed that the Commission was too sanguine,
especially about the genetic implications of fallout. Convinced that the
AEC’s position was scientifically sound, Strauss in early 1955 requested
the National Academy of Sciences to undertake 2 study of the effects of
radiation in hopes that it could provide an authoritative assessment of
the issue. The Rockefeller Foundation agreed to finance the project. In
accepting the assignment, Dr. Detlev W. Bronk, president of the National
Academy, “welcomed the opportunity to make a dispassionate and ob-
jective effort to clarify the issues which are of grave concern as well as
great hope to mankind.” He appointed over a hundred prominent sci-
entists, most drawn from the academic world bui some from government
and industry, to six committees to examine var.ous aspects of radiation:
genetics, pathology, agricuiure and food supplies, meteorology, ocean-
ography, and radioactive-waste disposal.”

The National Academy issued its report on 12 June 1956. In some ways
its findings were reassuring. Contrary to widely circulated speculation,
it denied that nuclear-bomb tests had caused discernible changes in
climate or weather conditions. In its assessment of the effects of radio-
active fallout, the study concluded that the amount of radiation produced
by weapons tests to that time did not present a major health hazard.
Compared with the exposure the U.S. population received from X rays
and from natural backgrounu radiation that comes from cosmic rays and
radioactive substances in rocks and the soil, the doses from fallout were
small. The report also declared: “It appears that radiation problems, if
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they are met int  gently and vigilantly, need not stand in the way of
the large-scale a. _lopment of atomic energy.””

In most respects, however, the National Academy’s determinations
were deeply disturbing, especially in their emphasis on the genetic ef-
fects of radiation. Since the “inheritance mechanism” seemed much more
sensitive to radiation than other body cells, the growing use of atomic
energy raised particularly acute problems i.x the area of genetics. Even
small doses of radiation trigger at least some mutations in reproductive
cells, and the damage is cumulative. Therefore, people exposed to low-
level radiation over an extended period of time might well escape any
visible injury to themselves but still undergo genetic changes with pro-
found consequences for their progeny cven if the effects did not appear
for several generations.

Radiation-induced genetic disorders would be tragic in individual cases,
the study declared, but the implications for the population az a whole
were even more alarming. If the entire population, or a significant part
of it, received radiation in amounts “a great deal more than the average”
from natural background, not only would large numbers of unborn
children “be definitely handicapped,” but harmful mutations would be
added to the population’s genetic pool and increase the risks for future
generations. The genetic consequences of radiation would not be im-
mediately obvious but couid cause enormous damage over a long period
of time. Therefore, although the report maintained that the levels of
radiation produced by fallout to that time were relatively inappreciable,
it cautioned that “there remains a proper concern to see to it that the
fallout does not increase to more serious levels.” It was also essential to
make certain that the risks of overuse of X rays, peaceful applications
of atomic energy, and radioactive-waste disposal be recognized and vig-
orously controlled. The study acknowledged that its findings on genetics
were based on limited evidence and that many existing uncertainties
could be resolved only through further research. But it was unequivocal
in it: basic recommendation: “We ought to keep all our expenditures of
radiation exposure as low as possible. From the point of view of genetics,
they are all bad.”*

While stressing genetic risks, the National Academy report cited other
existing and potential hazards of adiation. It pointed out that concern
about fallout had obscured othe - sources of radiological contamination
that could prove to be more ser. as as the application of atomic energy
for peaceful purposes became more widespread. The construction and
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operation of large numbers of atomic-power plants inevitably involved
risks, especially if they indiscriminately or routinely released radioactive
gases into the air. Although the chances of a major accident in a power
plant seemed “highly unlikely in a properly designed reactor,” utmost
caution was required to avoid such a catastrophe. Radioactive wastes
that would grow in volume as atomic energy activities expanded posed
perplexing problems for which no satisfactory solution had been found.
In addition to calling for careful consideration of long-range issues, the
report urged that the use of X rays, which were the source of highest
average exposure to radiation other than natural background, “be re-
duced as much as is consistent with medical necessity.”?

The National Academy’s study did not find the difficulties of ensuring
radiological safety insurmountable. It called for “careful, integrated plan-
ning” in atomic development and warned: “A large part of the infor-
mation that is needed to make intelligent plans is not yet at hand.” The
report pointed out that scientists knew more about radiation than other
man-made environmental hazards, such as new medicinal drugs and
industrial chemicals. But it stressed that more research was required to
understand the dangers of radiation n.ore fully and deal with them more
effectively. Although it was the most comprehensive and authoritative
statement for the general public to that time on the effects of radiation,
it made no claim to being definitive. It also cautioned that increased
scientific data and technical knowledge were not enough in themselves
to resolve controversies over the problems of radiation protection. The
ethical, political, economic, and military questions about relative risks
and benefits that the use of atomic energy inevitably raised could not
be answered by scientific information alone.*

The Atomic Energy Commission was generally pleased with the Na-
tional Academy’s report. The findings on the genetic effects of radiation,
remarked Charles L. Dunham, director of the AEC’s Division of Biology
and Medicine, included “nothing in it that we cannot without too much
effort live with.” Strauss observed that the AEC was well acquainted
with the data in the report, but he publicly hailed it as a “constructive
and independent study” that rendered a “public service of major im-
portance.” He was particulatly gratified that both the National Academy
and the United Kingdom Medical Research Council, which simulta-
neously issued a report on radiation that reached conclusions similar to
those of the American scientists, supported the AE("'s position on the
risks of atomic-weapons testing. He thought it unlikely that the findings
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of either study would require major changes in the AEC’s military or
civilian programs.”

The National Academy’s survey commanded wide attention and gen-
erated considerable concern. “It is impossible to read the report,” com-
mented the Washington Post, “without a feeling of profound
apprehension.” A staff member of the Joint Committee on Atomic En-
ergy observed that the study had made the subject of radiation a “na-
tional issue,” and numerous editorials and articles highlighted the
Nationa! Academy’s emphasis on the hazards of X rays and nonmilitary
uses of atomic energy. Within a short time the report and other pubh-
cations had created so many misgivings about ' rays that physicians
complained that their patients were resisting legitimate X-ray treatment.
“This whole x-ray scare has really gone to the ridiculous,” declared one
radiologist.*

The AEC had anticipated and accepted the possibility that some ac-
counts would overstate or misinterpret the dangers cited by the National
Academy, but it was disturbed by stories that it viewed as unduly ex-
aggerated or misleading. One such article was written by noted critic
and moviemaker Pare Lorentz for McCall’s magazine. The cover of the
magazine featured in large bold print: “Radioactivity Is Poisoning Your
Children.” Lorentz called for an end to atomic testing by all nations,
suggested that atomic-power plants were unnecessary, and argued that
radioactive-waste disposal was contamirating the oceans. “It is not a
question of whether we have polluted the earth,” he wrote. “It is a ques-
tion of how much we have polluted it.” Lorentz recommended that even
though the AEC had done “a creditable job” in radiation safety within
its areas of jurisdiction, overall responsibility for radiation protection
should be vested in the U.S. Public Health Service or some nrganization
“concerned not with weapons but with health.” Commissioner Willard
F. Libby privately decried the “McCall scare article” as a “terrible thing.”
In a letter to the editor of the magazine he defended the AEC's efforts
to protect public health and stressed that natural background yielded
much more radiation than atomic energy. In another instance, AEC
officials found amusing, and quickly denied, rumors that Strauss was
so worried about radiation that he refused to eat seafood until it was
checked with a Geiger counter. But such reports, whether as gloomy as
the McCall's article or as outlandish as the story about Strauss’s culinary
habits, testified to increasing public awareness of and apprehension
about the perils of radiation.”
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Despite their rising concern about radiation after the 1954 Pacific bomb
tests, the American people accepted the Eisenhower administration’s
contention that the risks of fallout were less disturbing than the dangers
of falling behind the Soviets in the nuclear-arms race. In the 1956 pres-
idential election, Democratic candidate Adlai Stevenson questicned the
administration’s position on fallout and advocatad a nuclear-test ban but
failed to win broad support or discernibly undermine public confidence
in Eisenhower’s policies.*

The following spring, however, intensified qualms about the threat
of radiation produced considerable debate and criticism of the AEC’s
position. Bomb testing by the United States, Great Britain, and the Soviet
Union generated woridwide protests, though only the Soviet explosions
produced high levels of fallout. A statement of famed philosopher and
humanitarian Albert Schweitzer expressing alarm over fallout and a re-
sponse by the AEC’s Libby denying that it posed appreciable risks at-
tracted wide uttention. The controversy was fueled by a petition initiated
by Nobkel Prize-winning chemist Linus Pauling and signed by nearly
two thousand American scientists. The petition cited the dangers of
fallout “to the health of human beings all over the world” and appealed
for an international agreement to end nuclear-bomb tests. The White
House received so many letters and petitions urging a test ban that
Strauss told Eisenhower that the “pressure has at least earmarks of
organization,” a charge that the president aired at a press conference.
Although the public reaction tu the radiation issue demonstrated no
signs of panic or hysteria, opinion polls underscored the marked increase
in concern about fallout. A survey taken in April 1955 revealed thatonly
17 percent of the respondents knew what was meant by fallout from a
hydrogen bomb, but a May 1957 poll showed that 52 percent of those
questioned believed that fallout was a “real danger,” compared with 28
percent who did not think so and 20 percent who did not know.”

In March 1957 the Joint Committee on Atomic Energy announced plans
to hold hearings to gather information and educate the public on the
nature, hazards, and latest scientific assessments of radioactive fallout.
It created a Special Subcommittee on Radiation, chaird by Chet Holi-
field, to conduct the investigation. Holifield, a liberal Democrat from
California, had taken a keen interest in nuciear energy after the explosion
of the first atomic bomb and had served on the Joint Committee since
its inception. He developed considerable expertise on atomic-energy
issues despite his lack of a high school diploma or formal scientific
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training. Born in 1903, Holifield left his home in Arkansas before grad-
uating from high school and drifted to California. At age nineteer: he
established his own cleaning business in suburban Los Angeles and a
few years later converted it to a menswear shop. He suffered two major
setbacks in the early 1930s, however. A freak hunting accident confined
him to a bed or wheelchair for four years, and the depression hurt his
business badly. Holifield's personal woes turned his attention to politics.
He became active in local and state Democratic organizations, and suc-
cessfully managed the congressional campaign of his friend Jerry Voorhis
in 1940. Two years later he won his own seat in Congress from a newly
created district. Short and stocky in build, the mustachioed congressman
was gentle in manner but sometimes displayed an acid tongue in criti-
cizing opponents. His attacks on the AEC so annoyed Strauss that he
privately sneered at Holifield as “the part-time nuclear physicist and
haberdasher.” Holifield played an instrumental role in ensuring civilian
control of atomic energy after World War Il and in congressional efforts
to push development of the hydrogen bomb a fev; years later. His ad-
vocacy of producing and testing hydrogen weapons did not, however,
preclude his concern about the effects of radioactive fallout. He hoped
that the Joint Committee hearings on fallout would “result in valuable
contributions to the knowledge of radiation, the lack of which is now
the basis of so much controversy.”*

When the hearings were held in late May and early June of 1957, they
highlighted some uncertainties and differences of opinion among experts
about the risks of radiation and raised questions about the position and
performance of the AEC. The issue that generated the most debate
among scientists who testified at the hearings was whether or not a
threshold, or ievel of exposure below which no perceptible injury oc-
curred, existed for the somatic (nongenetic) effects of radiation. The
witnesses agreed that there was no threshold for genetic damage and
that even small doses of radiation caused some mutation in reproductive
cells. But they expressed conflicting views on whether a similar process
took place in less sensitive organs. If so, it meant that exposure to
radiation i1 any amounts increased the chances that a person would
develop leukemia or cancer or other radiation-induced illnesses, pro-
portional to the dose received. If not, it implied that there was a level
at which exposure to radiation was safe, at least for somatic effects.
Presentations of data and round-table discussions failed to produce a
consensus on the question.”
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Opinion also divided on ~hether or not fallout that reached the earth’s
stratosphere after a bomb detonation returned to ground level in a uni-
form pattern. Lester Machta of the United States Weather Bureau ten-
tatively sug~ <ted that stratospheric fallout was deposited unevenly when
it fell to ea.«n over a period of years, and that the heaviest concentrations
descended on the northern temperate zones, including the northern
Unrited States. The AEC’s Libby questioned Machta’s findings, though
he qualified his objections under interrogation from Senator Clinton P.
Anderson. On other important matters, such as levels of radiation given
off from natural sources and the biological effects of strontium 90, the
scientific experts expressed uncertainty rather than disagreement. In
either case, they concurred on the need for further research on radiation. *

Various scientists who testified at the hearings commented on the
AEC’s role in the fallout controversy. Several applauded the AEC for
providing valuable data on fallout and for sponsoring independent re-
search without pressuring scientists to produce results that supported
its own position. But a number of witnesses, including some who praised
the AEC on those grounds, also criticized aspects of the agency’s pro-
gram. Bentley Glass, a geneticist from Johns Hopkins University, com-
plained that the AEC focused its research on the physical properties of
atomic energy and slighted the biological consequences. He suggested
that the “unbalance” would continue unless a biologist or geneticist were
appointed as an AEC commissioner. Indiana University professor Her-
mann J. Muller, who had received a Nobel Prize for his pioneering work
on the genetic effects of radiation, agrecd with Glass that the AEC un-
deremphasized biological problems. He also bemoaned “prolonged of-
ficial reluctance” to acknowledge and clearly explain publicly the risks
of radiation exposure, even in small doses. Muller argued that such a
policy was self-defeating because it undermined confidence in public
officials once the facts became widely known. “The only defensible or
effective course for our democratic society,” he declared, “is to recognize
the truth, to admit the damage, and to base our case for continuance of
the [bomb] tests on a weighing of the alternative consequences.”*

Ralph E. Lapp, a physicist and free-!lance writer who published widely
in laymen's terms on atomic-energy questions, presented a sharp rebuke
of the AEC. Two years earlier Lapp had used data from a speech of
Commissioner Libby and from Japanese scientists to accurately compute
fallout patterns from the bomb test that had contaminated the Lucky
Dragon. He published his findings before the AEC issued its February
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1955 report on thermonuclear weapons, stirring attacks on the agency
for withholding information. Lapp pursued that theme during the fallout
hearings by contending that the AEC should have made facts about
fallout available more promptly so that scientists and the public could
assess the risks more knowledgeably. He also accused AEC officials of
making “reckless or unsubstantiated statements” on the dangers of fall-
out. Lapp cited specifically the claim of one AEC spokesman in 1955
that the level of fallout would have to be increased “by a million” to
cause harm, another by Libby the same year that exposure from fallout
could be fifteen thousand times greater without creating somatic haz-
ards, and a 1957 statement by an agency official that bomb tests did not
produce “the slightest possible effect” on humans.*

Other witnesses offered similar criticisms by suggesting that the AEC
placed an overly benign interpretation on the fallout data it published.
A. H. Sturtevant, a professor of genetics at the California Institute of
Technology, observed that even though the genetic and biological risks
of bomb testing to an individual were statistically small, they still posed
an appreciable hazard to the national or world population as a whole.
In absolute numbers, many people, even if they represented a low per-
centage of the population, could be adversely affected by fallout. Stur-
tevant also countered the argument of AEC officials that the risks of
fallout were statistically less significant than those that people encoun-
tered routinely, such as driving a car or swimming in the ocean. He
pointed out that people accepted the risks of normal activities volun-
tarily, but had no control over or freedom of choice regarding the perils
of radioactive fallout. Walter Selove, a University of Pennsylvania phys-
icist, echoed the same general theme. He spoke as a representative of
the Federation of American Scientists, an organization that focused on
the “interrelation between science and public affairs.” Selove maintained
that the AEC’s dual functions of developing weapons and assessing
fallout hazards predisposed the agency to understate the health risks
created by bomb testing. “It can readily be seen,” he said, “that decisions
felt to be necessary in one area might conflict with and unduly influence
decisions in the other.” Selove commended the AEC for its measure-
ments of fallout and the “steady release” of its data, but he urged that
an “independent group of qualified scientists” be appointed to study
and evaluate fallout and other radiation problems.”

The chief spokesman for the AEC at the fallout hearings was Com-
missioner Willard Libby. As an acknowledged authority on nuclear en-
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ergy and the only professional scientist then serving as a commissioner,
Libby took the lead in defining and articulating the AEC’s position on
the technical aspects of fallout. He was well qualified to fill the role.
After receiving his Ph.D. in chemistry from the University of California
at Berkeley in 1933, he taught at his alma mater and at Princeton Uni-
versity. He joined the Manhattan Project in 1941 and for four years
worked on separating the isotopes of uranium. After the war he became
a professor at the University of Chicago, where he conducted research
on natural radioactivity. He won wiue recognition and eventually a
Nobel Prize in chemistry for perfecting an “atomic calendar,” a method
of using radioactive carbon 14 to determine accurately the age of fossils,
artifacts, and other remains of distant times. Tall, red-haired, and solemn
in his bearing, Libby exuded so much energy and creativity in his re-
search that he earned the nickname “Wild Bill.” He was politically con-
servative; Time magazine oversimplified but exaggerated only slightly in
describing his basic philosophy as “bigger bombs and more bombs”
providing the best way to prevent war. Eisenhover appointed him to
the Atomic Energy Commission in 1954 on the recommendation of
Strauss. Libby’s many techniczl speeches and publications on radioactive
fallout received respect and praise from other scientists, even those who
questioned his conclusions that bomb tests posed only slight and jus-
tifiable health risks. “People have got to learn to live with the facts of
life,” he once declared, “and part of the facts of life are fallout.”*

In his testimony Libby addressed some of the criticisms of the AEC
cited by other witnesses. He agreed that more research on and greater
understanding of the biological implications of radiation were needed,
and indicated that the AEC would enlarge its program in that field. “In
reading the testimony before the committee,” he commented, “I am
impressed with the disparity in our knowledge of the biological effects
as compared to our knowledge of the physical facts about fallout.” Libby
acknowledged that publication of the AEC’s fallout data had sometimes
been de'ayed because of security considerations, but affirmed that with
the exception of “certain facts” relating to intelligence and weapons
design, the agency had publicly issued all of its “significant information”
on fallout. “Our policy,” he declared, “is to discover the truth about
fallout and to make it public.” Under skeptical inquiries from Congress-
man Holifield and Senator Anderson he denied that the AEC interpreted
the facts to suit its own position or deliberately misled the public about
the dangers of fallout. Libby insisted that the hazards of fallout were
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“relatively small.” He added that “the critical and essential question is,
‘Are they tolerable? " That question, he stressed, required political and
sociological, rather than purely scientific, judgments. Libby reiterated
his strong opinion that the rapid development of new weapons and
delivery systems made continued bomb testing essential for national
defense. In the absence of an international disarmament agreement, he
argued, the risks were necessary for the survival of the free world.”

The fallout hearings produced no startling revelations, but they
achieved Holifield’s main objective of disseminating information and
illuminating scientific opinions on fallout. Within two years the Joint
Committee distributed about twenty thousand copies of the transcripts
of the hearings. Strauss thought the hearings “ended more agreeably
than might have been the case.” Nevertheless, they highlighted some
reservations about the AEC’s position on fallout, and criticism of the
agency continued. Eight members of Congress urged Eisenhower to
create a National Radiation Institute of Health to conduct research on
radiation risks. Some scientists suggested that because of the inherent
conflict in the AEC’s weapons development and health and safety func:
tions, the U.S. Geological Survey should be given responsibility for
evaluating the hazards of radiation. The Nashville Tennessean reproached
the president and the AEC for “hesitation in laying their facts on the
line,” and a Nevada farmer was quoted as saying of the agency, “I
wouldn't believe them on a stack of Bibles.”"

Chet Holifield assailed the AEC in an article published in the Saturday
Review. He accused the AEC of deliberately delaying release and “se-
lective use” of fallout data. “1 believe from our hearings,” he wrote, “that
the Atomic Energv “ommission approach to the hazards trom bomb
test fall-out seems to add up to a party line—play it down."” Holifield
contended that the AEC tended to minimize the risks of fallout because
of its competing responsibilities: “The AEC is charged with the respon-
sibility of weapon development and they are doing a good job in this
field, but an adverse judgment on their part on bomb testing could
corflict with their primary mission.” He called for an international con-
ference of scientisis to assess the dangers of fallout and other sources
of radiation. *Meanwhile, protests calling for a ban on nuclear testing
were gainirg support and recognition. The AEC maintained its position
that fallout caused only minor risks. But as public apprehension about
r.diation grew, so did doubts about the agency’s credibility and perfor-
mance in protecting public health.”
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As public awareness of radiation hazards increased after 1954, the
International Commission on Radiological Protection and the National
Committee on Radiation I'rotection reconsidered their recommendations
on permissible levels of exposure for radiation workers and the general
public. The ICRP met in April 1956 and agreed to lower its suggested
maximum occupational dose from external sources to 5 rems per year
for whole-body exposure. The rem had recently gained preference over
the roentgen (r) as the basic unit of measurement. For gamma- and
X-ray radiation, 1 rem equals 1 v. The rem is a more useful unit because
it indicates the biological effect of radiation doses more precisely. The
ICRP adopted the adjusted level to conform with the proposals of the
soon-to-be-published report of the National Academy of Sciences. The
new recommendation of 5 rems per year represented a reduction by a
factor of three from the previous level of 0.3 r per week or 15 per year.
To provide further protection from genetic consequences by limiting
exposure of younger persons most likely to have children, the ICRP
specified total permissible accumulated doses at various ages (50 rems
to age thirty, 100 rems to age forty, and 200 rems to age sixty). It also
lowered its recommendations for whole-population exposure by corre-
sponding proportions.*

The NCRP issued similar guidelines in a preliminary statement pub-
lished in January 1957 and, after some revisions, released in final form
in April 1958, Like the ICRP, the American committee was influenced
not only by scientific considerations, especially the findings of the Na-
tional Academy of Sciences, but also by the “public clamor” that had
arisen over radiation exposure. The NCRP recommended an average
whole-body dose from external sources of 5 rems per year. In response
to the concern of some members that a firm nurvicrical level was too
inflexible, the committee offered a formula to prorate the permissible
limit by age. As long as a total accumulated lifetime dose was not ex-
ceeded, a worker could receive up to 12 rems in a given year (that is, if
his exposure was below the 5-rem average limit in previous years). The
NCKP cautioned, however, that a dose of 12 rems in a single year was
permissible only when adequate records of past exposure existed, and
even then “should be regarded as an allowable but not usual condition.”
It still refrained from explicitly setting a level for whole-population ex-
posure, though it specified that the maximum permissible dose for per-
sons living or working near sources of radiation but outside “controlied
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areas” should not be greater than one-tenth of the levels recommended
for radiation workers.*'

The sharp reductions by both the ICRP and the NCRP in their sug-
gested maximum permissible doses stirred speculation that the previous
levels had been dangerously high. Lauriston Taylor, who was still serv-
ing as a member of the international group and chairman of the American
body, denied that the earlier limits had provided inadequate protection.
He pointed out that no evidence existed to show that radiation workers
had suffered harm under the older standards and that in most cases
they received much less exposure than even the new levels allowed.
Taylor explained that the recent revisions reflected the growing use of
atomic energy and the scientific consensus that occupational and gen-
eral-population exposure to radiation should be kept toa minimum. The
ICRP and the NCRP were still trying to balance the hazards and the
benefits of radiation in their recommendations by setting levels that
seemed generally safe without being impractical. As Taylor declared in
1956: “Any radiation exposure received by man must be accepted as
harmful. Therefore, the objective should be to keep man’'s exposure
as low as possible and yet, at the same time, noi discontinue the
use of radiation altogether ”*

The Atomic Energy Commission adopted the recommendations of the
NCRP in formulating regulations for radiation protection in the civilian
atomic-energy program. The AEC had used the NCRP’s occupational
maximum permissible doses in its own installations and operations since
its establishment in 1947.

Passage of the 1954 Atomic Energy Act required the agency to draw
up new regulations that applied to its licensees and the general public.
The AEC’s standards did not diverge quantitatively from the proposals
of the NCRP, but they did differ in their legal status. The NCRF's rec-
ommendations were strictly advisory while the AEC’s regulations carried
statutory authority in the areas of jurisdiction assigned the agency in
the 1954 act."

In July 1955 the AEC published for public comment proposed radia-
tion-protection standards. It used the recommended doses of the NCRP
for both external radiation and internal emitters and established a limit
of one-tenth of the occupational level for members of the public poten-
tially affected by the operations of AEC licensees. After considering the
criticisms it received, the AEC made several revisions in its preliminary
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proposals, but the numerical exposure limits remained unchanged. The
final version of the AEC’s regulations became effective in February 1957,
After the NCRP reduced its recommended doses, the AEC followed suit.
in April 1959 the agency published for public comment revised regu-
lations that incorporated the changes recommended by the NCRP the
previous year. It limited occupational whole-body exposure from exter-
nal sources to an average of 5 rems per year. In cases where adequate
records existed, the AEC allowed a dose of up to 12 rems during a single
year if the 5-rem annual average was not exceeded. Like the NCRP, the
AEC believea that the occupational-exposure limits provided ample pro-
tection for most individuals, but it did not guarantee that its standards
offered absolute safety for all radiation workers. Population liimits out-
side controlled areas remained one-tenth of the occupational levels. The
AEC received “a very substantial number” of comments on its draft
regulations, many of which argued that the lower standards were un-
necessary. The agency made no major revisions in its numerical levels,
however, and issued the new standards ir july 1960. They became ef-
fective 1 January 1961.%

The NCRP’s determinations were of crucial importance for AEC pro-
grams, but the agency neither dictated to nor dominated the committee.
The NCRP continued to guard its independence from undue government
influence, and its changes in permissible doses sometimes aroused the
misgivings of AEC officials. In June 1956, for example, Strauss indicated
concern about the ICRP’s sharp reduction in maximum exposure levels,
which the NCRP adopted a short time later. Libby assured him, however,
that the new recommendations were not “too bad for us” because “we
now live within this new limit anyhow” and “they say [bomb] testing
isn't dangerous in any way, at least at the present rate.”*

Within a short time after the Lucky Dragon incident in 1954, radiation
protection became an issue of widespread nationa! and international
concern. Although the growing debate centerrd on radiation produced
by weapons testing, it called attention to and influenced policies toward
other possible sources of radioactive contamination. Scientists had rec-
ognized and carefully considered the effects of radiation long before
they became a matter of public notice, and the ICRP and NCRP had
devised recommendations for protecting radiation workers from exces-
sive exposure. In the absence of conclusive data, their proposed limits
were not absolute standards but imprecise estimates that reflected a
conservative application of the best available information. Both orga-
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nizations compensated for the uncertainties in knowledge about radia-
tion by formulating recommendations that they believed erred on the
side of caution. They worked on the assumption that exposure to ra-
diation should be held to a minimum but that occupatiotial limits should
not be so low as to be practically unattainable. They lowered their per-
missible levels in the 1950s in response to changing scientific views,
expanding uses of atomic energy, and increasing public concern about
radiation. By using the NCRP’s recommendations in its regulations for
occupational-exposure limits in its areas of jurisdiction, the AEC ac-
cepted the judgment of acknowledged experts in the fieid of radiatior.
protection on what constituted generally safe and achievable deses for
atomic workers.

The question of population exposure to low-level radiation was much
more controversial. Scientists generally agreed that any exposure to ra-
diation by large segments of the pepulation was potentially harmful,
particularly because of genetic mutzation. But they differed on the se-
verity of the risk. Some geneticists argued that radiation caused less
permanent damage to reproductive cells than most of their colleagues
supposed. Scientific opinion was even more divided on the somatic
effacts of radiation, ranging from views that small doses produced no
cell damage to theories that the chances of radiation-induced diseases
were directly proportional to the amount absorbed. Scientific authorities
generally maintained that doses of radiation produced by fallout were
not a significant health peril on a short-term basis, though they worried
about the effects if bomb testing continued over a long period. Some,
however, insisted that existing levels of fallout would cause irreparable
harm both to large numbers of living individuals and to futi re gener-
ations. The lack of consensus among experts on those and other issues
engendered frustration for laymen trying to evaluate the dangers of
fallcut and other sources of radiation. Senator Anderson complained of
that problem during the 1957 fallout hearings. “How would we go about
getting a jury that would give some sort of answer that the common
people can trust?” he asked. “You get one group of scientists together,
and they say one thing, and you get another group together, and they
say another thing What does a man who is not a sciciilist have that he
can tie to?"%

Anderson’s question was unanswerable, partly bacause cf the need
for expanded research but largely because the issues raised by the fallout
depate required philosophical, moral, and political judgments that sci-
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entific evidence alone could not resolve. As radiation protection pro-
ceeded from a rather arcane scientific problem of safeguarding a limited
number of workers to a public issue involving questions of national
security and the health of millions of people and their unborn progeny,
it inevitably created controversies. Scientists, politicians, journalists, and
members of the general public held divergent views about the level of
risk from radiation that was acceptable. The arguments focused on
whether the national-security benefits of nuclear-bomb testing justified
the hazards of radioactive fallout. The AEC, as the most visible pro-
ponent of official policy, was positioned in the center of the debate. The
agency acknowledged that fallout produced some harmful effects, but
maintained that the advantages of testing far outweighed the dangers
to public health.

The AEC, as even its critics conceded, sponsored important research
and published a great deal of valuable scientific data on fallout. But the
agency undermined its own credibility by consistently placing the most
benign interpretation on available information. Although most scientists
agreed that existing levels of radiation from weapons testing were rel-
atively insignificant, the air of certainty with which the AEC offered its
assurances glossed over the undetermined and unexplored aspects of
radiation effects in general and fallout in particular. Moreover, the agency
did not, and because of existing unknowns could no., convincingly
counter arguments that fallout would present a growing threat in future
years if testing continued. Nor did it have an answer to those who
pointed out that fallout affected, in absolute terms, large numbers of
people who assumed its risks involuntarily. The AEC’s tendency to
minimize the potential implications of testing reflected its commitment
to weapons development and its conviction that fallout was much less
dangerous than falling behind the Soviets in the arms race. But even
some supporters of the AEC’s stance urged the agency to spell out as
clearly as possible the potential genetic and somatic effects of fallout and
allow the public to balance the risks and benefits of nuclear testing.“ By
failing to delineate the hazards more frankly and leaving announcements
about many worrisome repercussions of fallout to its critics, the agency
intensified doubts about its position and damaged its public image.



II

THE STRUCTURE OF
ATOMIC REGULATION

The radiation-protection regulations were but one part of a series of
safety rules and procedures that the Atomic Energy Commission devised
in the mid-1950s. Despite the uncertainties among experts about the
effects of radiation, the AEC could draw on a considerable body of
scientific knowledge and experience in drafting its radiation-protection
standards. It had much less scientific and technical data on which to
base its other regulations as it attempted to balance the need for safety
with the goal of stimulating the growth of an atomic industry.

The 1954 Atomic Energy Act established a national policy for the
development and regulation of a new atomic industry and made the
AEC responsible for both functions. A key section of the law encouraged
“widespread participation in the development and utilization of atomic
energy for peaceful purposes and to the maximum extent consistent
with the common defense and security and with the health and safety
of the public.” Additional paragraphs told the AEC how to carry this
out: through research activities that included assistance to private en-
terprise, by providing to industry government-owned “special nuclear
materials” (plutonium, uranium 233, and uranium enriched in the iso-
tope 233 or in the isotope 235) used as fuel in power reactors, by releasing
hitherto classified “restricted data” for use in domestic development of
atomic facilities, by licensing private atomic plants, and by continued
inspection of such facilities and enforcement of regulations.' Various
program divisions in the agency geared up for this new challenge—to
put atomic energy to work for wider use. The engineers and scientists
in the agency’s far-flung laboratories and offices as well as the Wash-
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ington-based commissioners viewed their mandate as an exciting
adventure.

The new act recognized the dangerous nature of the technology.
Throughout, the words “health and safety of the public” acknowledged
potential hazards and underscored the basic goal of the AEC’s regulatory
function .’

The question facing the agency was how to perform both its devel-
opmental and its regulatory duties without doing injustice to one orboth
functions. Commissioner Willard Libby, in an early 1955 discussion with
his colleagues on establishing the agency’s regulatory framework, ex-
pressed a feeling that was widespread in the AEC: “Our great hazard
is that this great benefit to mankind will be killed aborning by unnec-
essary regulation. There is not any doubt about the practicability of
isotopes and atomic power in my mind. The question is whether we
can get it there in our lifetime.” One way to balance the two responsi-
bilities would have been for Congress to create separate developmental
and regulatory agencies. That idea had crossed the minds of members
of the Joint Committee when they considered atomic-energy legislation
in 1954, But at the time there were compelling reasons to combine the
two functions in a single agency. Technical manpower was at a premium.
Two separate agencies would of necessity have drawn from the same
pool of human resources with the real possibility of shortchanging each
other. The technology was in such an early stage that two organizations,
one performing research and development, the other regulating, would
have worked at cross-purposes, perhaps frustrating the overall goal of
building a viable atomic industry. Consequently, the risk of a conflict of
interest in making one agency perform two contradictory functions ap-
peared a small price to pay for the anticipated benefits.’

Prior to passage of the 1954 act, no central regulatory office existed in
the AEC. The safety of reactors was solely a government problem, since
all of them were owned and operated by the agency. The AEC had
shown its concern for reactor safety by establishing, in June 124/, a blue-
ribbon advisory group known as the Reactor Safeguard Committee.
Composed of some of the nation’s best atomic experts and chaired by
physicist Edward Teller, the committee evaluated technical health and
safety aspects of reactor hazards and submitted r .co.nmendations to the
general manager. Teller, chairman for six yeais, later described those
early times: “The committee was about as popuiar—and also as nec-
essary-—as a traffic cop. Some of my friends, aaxious for reactor progress,
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referred to the group as the Committee for Reactor Prevention, and I
was kidded about being assigned to the A iC’s Brake Department.” The
Commission appreciated the committee’s f ank comments but was care-
ful to define how much advice it would seek. For example, on policy
issues such as balancing overall AEC * cogram considerations with fac-
tors bearing on health and safety, the Commission would not approach
the committee. The commissioners believed that they had riondelegable
authority in this area and should not give undue weight to the opinions
of the Reactor Safeguard Committee.*

The agency broadened its safety program in the fall of 1950 by creating
a second advisory group, the Industrial Committee on Reactor Location
Problems, to balance the “technical and scientific aspects of reactor haz-
ards, as developed by :he Reactor Safeguard Committee, against the
nontechnical aspects of reactor locations.” This new committee drew its
members from a wide spectrum of the scientific and industrial com-
munities. The group reviewed, for example, the problems of locating
specific government reactors, taking into account such matters as the
density of surrounding population, property values, and hydrological
and seismic factors. Recognizing that the responsibilities of the two
committees were becoming more closely related, the Commission merged
their functions in July 1953 and reorganized them into the Advisory
Committee on Reactor Safeguards.

In discussing the original Reactor Safeguard Committee’s early work,
Teller told of the concern over evaluating the hazards of reactors:

We could not follow the usual method of trial and error. This method
was an integral part of American industrial progress before the nuclcar
age, but in the nuclear age it presented intolerable risks. An error in
the manufacture of an automobile, for instance, might kill one to ten
people. An error in planning safety devices for an airplane might cost
the lives of 150 people. But an error allowing the releasc of a reactor’s
load of radioactive particles in a strategic location could endanger the
population of an entire city. In developing reactor safety, the trials had
to be on paper because actual errors could be catastrophic.®

Recognizing this danger, the Reactor Safeguard Committee estab-
lished what Teller called a “simple procedure.” For each reactor, it asked
the designers to “imagine the worst possible accident and to design
safety apparatus guaranteeing that it could not happen.” Teller went
on: “The committee reviewed each reactor plan, trying to imagine an
accident even worse than that conceived by the planner. If we could
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think of a plausible mishap worse than any discussed by the planner,
his analysis of the potential dangers was considered inadequate. In most
cases, the required discussion created a reasonable spirit of caution, and
we could advise the Atomic Energy Commission that the reactor would
be sufficiently safe.”

This procedure, based mostly on theory because of so little experience
with reactors, was not acceptable to the first engineer on the original
committee, who told Teller that safeguards should be based on actual
experience rather than on theory. Since the government reactors were
so new, the engineer was of the opinion that safeguards could not be
established. He resigned after the committee’s first meeting, citing the
pressure of other duties. The committee, nonetheless, had little choice
but to use this procedure with all AEC contractors. For the first time in
any major industrial development it attempted to forecee the possible
accidents or disasters and to take steps to prevent them.’

By 1951 the AEC elaborated on Teller's “simple procedure” by re-
quiring a hazards-summary report on each planned facility. It identified
the necessary information about the hazards that ‘would result from the
operation of a new or significantly modified reactor. In most cases the
agency required the report prior to a decision on the construction of a
proposed reactor at a given site; however, the procedure also provided
for a preliminary hazards-summary report for those few instances when
a decision had to be made before sufficient detailed information was
available to write the regular report.*

The report had to include a description of the reactor and the site, a
detailed plan of operation, a schedule of chemical processing and dis-
posal of reactor fission products, the methods of disposal of radioactive
effluents, and a description of the safety mechanisms of the reactor.
More specific information was required on potential hazards, incorpo-
rating the data used in the safety-evaluation procedure described by
Teller. The designer had to list all the known potentially hazardous
features and include the experimental information, calculations, and
assumptions used in evaluating those hazards. The report required in-
formation on steps taken to minimize the risks and an estimate, if a
failure should occur, on the extent of any release of radioactive material
and the damage to be expected.’

Regarding the site of a reactor, the report required consideration of
hydrological data including the expected drainage of liquids in case of
a major accident, seismic data including estimates of potential damage
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that might occur in the event of earthquakes of various intensities, and
atmospheric conditions including an assessment of dangers to the sur-
rounding population and industries. In addition, contractors had to pro-
vide information on the distribution of population and list vital industrial,
defense, and public-service irstallations within the possible hazard ra-
dius of the facility."”

This extensive report became a standard document by which the AEC
staff and the Safeguard Committee judged the hazards of a reactor. The
staff first reviewed it, then sent the report to the committee. It considered
the report in two ways. If there were no new or unusual problems either
in the report or in the staff comments on it, the committee passed judg-
ment without a formal meeting. If major issues or new types of reactors
were involved, the staff and representatives of the contractor were called
before the committee to provide additional information."

By maintaining the standards set by its predecessor groups, the Ad-
visory Committee on Reactor Safeguards was highly influential in all
areas of reactor safety. AEC general counsel William Mitchell, reporting
to the Joint Committee in 1955 on the safety features of the new regu-
latory program, observed with considerable pride that the AEC's “ex-
traordinary reactor safety record” owed much to the “strict criteria laid
down by the Reactor Safeguards Committee.” Since all safety questions
were referred to that group prior to passage of the 1954 act, it was logical
that the committee would continue to play a vital role in licensing pro-
cedures once the law was enacted.”

After 1954, practical reasons prevented the Safeguards Committee
from continuing as the only group reviewing reactor hazards. Its mem-
bers were part-time consultants and the workload under the expanded
reactor program began to place an increasing burden on them. For ex-
ample, between the spring of 1954 and April 1955, seven full committee
meetings were held, compared to only twenty meetings in the six years
between 1947 and 1953. In addition, several subcommittees met to con-
sider specific reactor problems prior to each main Safeguards Committee
session. Recognizing this problem, General Manager Kenneth Nichols
recommended the formation of a full-time reactor hazards evaluation
staff to analyze reactor safety problems."

The Commission created a Reactor Hazard Evaluation Staff in April
1955, initially placed under Alfonso Tammaro, assistant general manager
for research and industrial development. Tammaro told the Commission
that he needed the additional responsibility “like I need a hole in the
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head.” But he conceded that until the AEC staff, including himself, had
finished “groping our way” on regulatory organization, it was best that
the hazards group come under his supervision.™

The Commission assigned several functions to the hazard-evaluation
group. It developed health and safety standards, guides, and codes for
all reactors, whether AEC-owned or privately owned. From a safety
standpoint it assessed new reactor proposals and significant modifica-
tions in existing reactors. In addition, it provided administrative assis-
tance to the Safeguards Comumittee and assumed responsibility for
preparing a comprehensive plan for conducting investigations of major
reactor accidents.”

Tammaro told the commissioners that while this was the beginning
of a permanent regulatory staff, it would remain in a transitional phase
until further study could be made on the staff's proper place and func-
tions within the A¥C. Commissioner Libby asked if the transition could
be made without affecting reactor development. Nichols replied that
unless there was a transition, the reactor work might be stalled. In the
interim period the Safeguards Committee would continue to function
as it had in the past, as both an advisory and a working group. Tammaro
hoped that over the long term the Safeguards Committee could even-
tually assume its proper role as a parely advisory committee to the
general manager.'

Over the next five months, both '« activities and the place of the
hazard-evaluation group were discu. ied within several staff divisions,
principally in the Division of Reactor Development and the newly cre-
ated Division of Civilian Application. By September 1955, recently ap-
pointed general manager Kenneth Fields had reached the conclusion
that the functions of the Hazards Evaluation Staff belonged with the
licensing duties of the Division of Civilian Application."”

Tiie formation of the Hazards Evaluation Staff and its eventual ad-
dition to Civilian Application was part of an evolving agency reorga-
nization that began shortly after passage of the 1954 act. Although the
AEC had administered limited licensing functions under the 1946 law,
they were peripheral to the agency’s primary responsibilities of pro-
ducing weapons-grade nuclear material and building atomic bombs. Pre-
vious licensing activities had involved control of isotopes and source
material available for research, demestic and export control of production
facilities for fissionable material and important component parts, and
control of access to AEC-held patents. The 1954 law greatly broadened
the scope of the licensing program, but the objectives of the earlier
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licensing functions still applied: guarding national security by regulating
the distribution and use of materials and equipment, protecting public
health and safety, and stimulating private enterprise to use materials,
information, and techniques developed in the infant atomic-energy
program.

Early licensing activities were decentralized. The Division of Construc-
tion and Supply had a Licensing Controls Branch that administered all
phases of the program for exports of equipment and materials, and the
control of domestic transactions involving non-AEC-owned source ma-
terials (nuclear materials, other than special nuclear material, containing
by weight %o of 1 percent or more of uranium and/or thorium). This
small unit processed reports and license applications. The Patent Branch,
a part of the general counsel’s office, administered and issued licenses
to use AEC-owned patents. Before 1954, over three hundred patent
licenses had been issued to American corporations and individuals. The
Isotopes Division at the Oak Ridge Operations Office conducted the
largest and oldest AEC licensing function. It handled applications for
stable isotopes, radioisotopes, and irradiation services. Since the sum-
mer of 1946, under the direction of Paul C. A=bersold, this division had
stood out as one of the AEC's best examples of the peaceful uses of
atomic energy by providing isotopes for medical therapy.'

To build a functional regulatory organization and to develop the rules
necessary to proceed with its expanded licensing responsibilities, Gen-
eral Manager Nichols in October 1954 named Harold L. Price, an agency
attorney, to head a task force on regulation. Price, a University of Virginia
Law School graduate, had practiced law privately for a short time before
joining the Department of Agriculture in 1936. He subsequently served
in the general counsel’s office of the War Production Board and as general
counsel in the Civilian Production Administration before joining the AEC
in 1947 as the chief law officer at the Oak Ridge Operations Office. In
1951 the Commission appointed him deputy general counsel. Price was
an indefatigable worker with good organizational ability. His appoint-
ment was the beginning of a lengthy career as the chief regulator in the
AEC."

Price’s group prepared a recommendation for the commissioners that
called for establishing a Division of Civilian Application. At the same
time a temporary division, called the Division of Licensing, was created
to carry on the AEC’s interim licensing functions until the recommen-
dations of Price’s organizational study could be implemented.”

Price’s staff study recommended an organization that not only carried
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out licensing functions but also promoted the civilian uses of atomic
energy. The report noted that the Joint Committee had emphasized and
encouraged maximum participation by private interests in its recent hear-
ing on “Development, Growth and State of the Atomic Energy Industry.”
Those annual hearings were required under section 202 of the 1954 act
(they quickly became known as “202” hearings) and mandated the Joint
Committee to hold meetings within the first sixty days of each congres-
sional session to receive information on the industry’s progress. Joint
Committee members frequently commented at the first “202” hearings
in January and February on the need for the AEC to keep licensing
regulations and procedures as simple as possible and to process licenses
expeditiously so as to encourage private participation.”

The plan Price presented to the commissioners analyzed the existing
hodgepodge of licensing and regulatory activities within the AEC and
proposed an organization that would establish in one office the respon-
sibility for “carrying out the licensing and related activities set forth in
the Act.” The new division would have several functions. Its foremost
task would be to develop regulations affecting the licensing process. The
division would also set pricing schedules for AEC-furnished materials
and services as well as prices paid by the agency for materials produced
or returned by the licensees. It would handle requests and authorize
access to restricted data and control export authorizations of equipment
and materials. To carry out those functions, the plan recommended that
the division head be delegated power to issue licenses.”

In bringing this matter to the Commission, both Price and Fields em-
phasized that the new division would establish an agency focal point
for all civilian interests apart from the AEC’s own programs. The activ-
ities of the Licensing Controls Branch in the Division of Construction
and Supply, the licensing activities of the Oak Ridge Isotopes Division,
and functions conducted by the abolished Industrial Liaison Branch in
the Division of Reactor Development would be shifted to Civilian Ap-
plication. Patent licensing, however, would remain with the general
counsel, as would all compliance functions that were centered in an
expanded Division of Inspection. Fields was open-minded as to where
the organization would fit in the overall AEC structure. But he was
careful to point out that all technical questions on any private power-
reactor proposal still would be referred to the appropriate program di-
visions. The Civilian Application Division would act as the administra-
tive coordinator. Price foresaw only a small technical staff for the proposed
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division. He told the Commission that the unit would need some tech-
nical competence “to understand what the people outside are saying
and to be sure they get steered to the right place in the Commission
and also to understand what the other divisions of the Commission are
saying on technical matters as they relate to license application.”®

The name “Civilian Application” worried some commissioners. Libby
in particular zeroed in on its implication. “It is not possible to segregate
to one division such an enormous task such as civilian application,” he
said. “It is the business of ten divisions of the AEC and the Commission,
constant and continuing, and so with the understanding that the func-
tion of this new division is to take care of the paper work and serve as
the focal point, but that your responsibility is not to develop new and
unseen use primarily—I am then willing to go along.” Price replied that
the reason for the name was to make it clear that it was an agency focal
point. The program divisions would do the technical work and analysis
on any given civilian project. Still dubious about the rame, the Com-
mission nonetheless approved the new organization.™

The organizational staff paper did not mention the recently created
Hazards Evaluation Staff assigned to the general manager. The only
reference to safety in the paper was a statement that the proposed new
division would review requests for licenses to determine “technical and
administrative factors involved, including technology, safety, security,
financing, and the need for advice and assistance of program and staff
divisions in processing the license of agreement.” The main thrust of
the report and the subsequent Commission discussion of it was to
streamline the licensing organization to help the agency go forward in
its promotion of civilian uses. But within a short time the Hazards Eval-
uation Staff joined Price’s division and assumed an increasingly impor-
tant role in its activities.”

By the end of 1955 Price had his division organized. It was small,
consisting of three branches plus the hazards staff (soon changed to a
branch) and the Oak Ridge Isotopes Extension. With the exception of
the Oak Ridge detail, the division was located in the newly acquired
Matomic building at 1717 H Street in downtown Washington. Eighty-
five staff members worked in Washington with the remaining fifty-eight
at Oak Ridge. From its eighth-floor offices the Licensing Branch under
Lyall E. Johnson carried out the basic administrative paperwork on li-
censes for reactors, operators, and source and special nuclear materials.
The Foreign Activities Branch, headed by Bernard B. Smyth, adminis-
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tered requests by Americans engaging in overseas activities. The Policy
and Program Branch, under Charles Manly, carried on both regulatory
and promotional functions by determining the need for regulations and
assisting companies wanting to engage in atomic-energy activities

The Hazards Evaluation Branch quickly became a key element in the
division. When it was transferred from the assistant general manager’s
office, it was manned by a reactor engineer, a reactor physicist, and two
secretaries. Within a year its staff increased to fourteen professionals
and five clerical assistants. At the time of transfer, chemical engineer
Charles D. Luke also moved to Civilian Application as technical assistant
to Price to help in the hazards-evaluation staff's work on reactor stan-
dards, guides, and codes. Luke had joined the AEC in the summer of
1954 as director of the Office of Classification after a lengthy career as
chairman of the chemical engineering department at Syracuse University.?

To man the divisicn, General Manager Fields recruited from both
inside and outside the agency. In conjunction with Price he made several
key appointments. Price had already chosen one of his two authorized
deputy directors in June 1955, when he hired Frank Pittman from the
AEC’s Production Division. An old atomic-energy hand, Pittman had
joined the agency in 1948; before that time he worked in plutonium
production at Los Alamos. Trained in chemical engineering at the Mas-
sachusetts Institute of Technology, he taught there in the early 1940s
before going to work in private industry. After a second deputy director
for hazards evaluation was named, Pittman worked primarily in the
promotional aspects of the division.?

With encouragement from Chairman Strauss, the AEC lured C. Rogers
McCullough into full-time government service as Price’s deputy director
for hazards evaluation. Teller's successor as chairman of the Safeguards
Committee after its reorganization in 1953, McCullough previously had
served as chairman of the Industrial Committee on Reactor Locations
Problems. Also trained in chemistry at MIT, he had spent many years
doing research in chemistry and nuclear ¢ngineering with the Monsanto
Chemical Company. He had earned an excellent reputation in the nu-
clear community and in government circles as an expert on reactor safety.
He wrote frequently in trade and scholarly journals and often testified
before the Joint Comimittee. Monsanto placed him on leave of absence
to take the government job, which he held from late summer 1956 to
mid-1957. In addition, McCullough continued as the Safeguards Com-
mittee chairman, performing a dual role that concerned some members
of the committee *
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Price also recruited Clifford K. Beck from North Carolina State College
to work in hazards evaluation. Beck’s nuclear career, like that of many
of his colleagues, dated back to the Manhattan Project. After the war
he served as director of the Gaseous Diffusion Project at Oak Ridge. He
returned to his native North Carolina in 1949, where he chaired the
Physics Department at North Carolina State. There he initiated a reactor
project that led to the licensing of the first university research reactor.
In addition, he developed an academic program that awarded the first
doctoral degrees in nuclear engineering, Initially, Beck took a leave of
absence to become scientific adviser to Price. By the end of 1956 he had
agreed to Price’s request that he stay permanently with the agency and
become chief of the Hazards Evaluation Branch.”

While Price was recruiting staff and dealing with organizational mat-
ters, he was also implementing the regulatory program by writing and
issuing regulations. Shortly after the 1954 act had become law, Nichols
had outlined for the commissioners the major problems facing the AEC
in licensing reactors. The greatest obstacle, he thought, would be the
complexity of licensing activities, particularly in terms of procedural
problems and the immediate and long-term development of regulations.
For example, no regulations were in effect in the areas either of domestic
and foreign distribution of special nuclear materials or of operators’
licenses. And where regulations presently existed, in such areas as do-
mestic and foreign distribution of source materials and production of
special nuclear materials, considerable revision would be required. By
Nichols’s estimate, at least “six months of solid work” lay ahead in the
preparation of the new regulations.™

The AEC approached its regulatory responsibility keenly aware of the
effect its rules would have on the growth of the industry. The task was
to regulate a potentially dangerous technology for an industry that would
have to go through a developmental period of unknown duration with-
out assurance that the results would be favorable. Chairman Strauss
later told the Joint Committee that AEC regulations “should notimpose
unnecessary limitations or restrictions upon private participation in the
development of the atom'’s civilian uses, . . . should not interfere with
management practices, and . . . should be enforceable in a pracucal and
uniform manner.” Devising such regulations became a critical aspect of
Harold Price’s job. To write clear regulations that covered the necessary
legal, safety, and technical points but still allowed flexibility for the
developing industry proved to be a difficult task. Even so, Price and his
colleagues felt pressure from the commissioners as well as the industry
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to turn regulations out as rapidly as possible.” They issued key rules
during 1955 and early 1956, and others followed in succeeding years.

The 1954 law guided agency rule-making. Since the 1946 act preserved
a government monopoly except in regard to the licensing of by-product
materials (any radioactive material other than source or special nuclear
material, formed in the process of producing or utilizing source or special
nuclear material) and source materials, there had been no need to give
great consideration to the public-health and public-safety aspects of atomic
power. But the 1954 law provided the authority for the transition from
a government monopoly to private enterprise and required the AEC to
closely regulate the new industry. The law did so in general terms, but
it left no doubt about the importance of health and safety factors.

Sections of the 1954 act reflected the state of the technology by estab-
lishing two classes of licenses for atomic facilities. One section authorized
the AEC to issue commercial or “class 103" licenses (after the section
number in the law) whenever it had determined that a facility had been
“sufficiently developed to be of practical value for industrial or com-
mercial purposes.” Since the agency and the Joint Committee interpreted
“practical value” to mean that atomic facilities had to be judged eco-
nomically competitive with other energy sources, issuance of class-103
licenses was postponed until the industry had passed through its re-
search and development phase.”

Instead, early power reactor facilities received “class-104” licenses un-
der the terms of section 104. Reactors used in medical therapy, university
research, and power demonstration came under this category. A key
phrase authorized reactor licenses that would lead to the “demonstra-
tion of the practical value . . . for industrial or commercial purposes.”
Class-104 licenses, then, covered all power reactors used during the
developmental period until the industry could find a design that would
eventually meet the “practical value” criterion of a class-103 commercial
license. Furthermore, section 104 specifically instructed the AEC to im-
pose the minimum amount of regulation on a licensee consistent with
the public health and safety. In other words, a class-104 license indicated
that the government wanted to encourage the new industry to undertake
research and development under minimum regulation that would lead
to major advances in power-reactor technology.*

The law recognized the technology’s potential danger. It referred to
safety considerations in every context in which it discussed the agency’s
licensing and regulatery authority. For example, section 103 restricted
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the issuance of a license to persons “who are equipped to observe and
who agree to observe such safety standards . . . as the Commission by
rule may establish,” and who agreed to make availabie to the AEC such
data as it determined necessary “to protect the health and safety of the
public.” Section 104 directed the AEC to impose regulations on alicensee
to fulfill the agency’s obligations to protect public health and safety.
Section 182, in describing requirements for license applications, gave
the AEC broad authority to prescribe what information should be fur-
nished. In any event, the applicant had to provide enough specific data
so that the AEC could determine that the facility would “provide ade-
quate protection to the health and safety of the public.”*

The licensing mechanism of the law made this clear. Using the 1934
Federa! Communications Act as a precedent, the Atomic Energy Act of
1954 stipulated that license issuance would be a two-step procedure.
Applicants would first be issued a construction permit, defined as aform
of a license and treated in all procedural respects as a license. Once an
application for a construction permit was “otherwise acceptable to the
Commission,” which in large measure meant adherence to the AEC's
regulations on health and safety, the applicant would be granted a permit
and could proceed with construction. After the applicant completed
construction according to the terms of the original construction permit
and to any modifications subsequently approved, the Commission would
issue a license allowing the applicant to load fuel and operate the reactor.™

The AEC followed a standard government procedure in issuing its
regulations. It sent out a draft regulation for a thirty-day public-comment
period through notice and publication in the Federal Register. It could
then make revisions in light of the comments received. The regulation
was then published in final form in the Federal Register. This simple
procedure, in reality, masked the thought and work that was necessary
to ready each regulation for initial and final publication.

Price called on various people from within and without the AEC to
help him establish the regulatory program. Shortly after taking his reg-
ulatory position, he and Nichols in December 1954 organized an internal
ad hoc group, named the Licensing Review Committee, that was drawn
from the program divisions and the legal staff. The committee reviewed
all draft regulations prior to presentation to the commissioners. To write
the regulations, Price enlisted Robert Lowenstein, an attorney in the
general counsel’s office, and at various times General Counsel Mitchell
assigned several lawyers to the project as they were needed. James
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Morrisson, Lee Hydeman, Herzel Plaine, and William Berman inter-
mittently participated in drafting the regulations. They, in turn, called
on many technical staff people to assist them, but particularly relied on
Frank K. Pittman, C. A. Rolander, Jr., Charles G. Manly, and David
Saxe. Lowenstein recalled the workload as “being massive.” He remem-
bered the number of se:retaries who resigned and the many overtime
hours expended on the task.”

Nichols and Price also wanted to be sure that those who would be
affected by the regulations had an opportunity to see what was being
developed. The Commission approved their proposal to hold a series
of conferences with industry groups to explain the proposed rules, Nichols
told the commissioners that such meetings would lead to sounder policy
determinations as well as reduce misunderstanding about the intent and
scope of the regulations. The staff suggested that the meetings be held
before the Commission initiated final action on the regulations.*

The agency set ru'es for the conferences that minimized the possibility
of violation of the antitrust laws, established the meetings as purely
advisory, required that l.formation discussed at the session be made
public, and ensured that a cross section of the affected groups was
represented. Subsequently the regulators held several meetings in March
1955 with representatives of four selected groups: utilities, vendors, the
chemicals industry, and research orgarizations.”

The early regulations covered eight parts under Title 10 of the Code of
Federal Regulations, the standard codification of general and permanent
rules issued by the government. The first dealt with production and
utilization facilities (Part 50) and included definitions as to what consti-
tuted a “production” and a “utilization” facility. The second set up the
domestic licensing process for special nuclear materials (Part 70). Not
only did this part spell out the application requirements and the criteria
for approval of licenses, it also outlined the accounting and physical-
security requirements for the material. The third group covered opera-
tors’ licenses (Part 55) while the fourth set contained standards for
protection against radiation (Part 20).%

Security regulations composed another group (Part 25), which estab-
lished requirements for the safeguarding of classified information by
licensees. The next two sets were revisions of current regulations on
control of source materials (Part 40) and the control of by-product ma-
terials (Part 30). Finally, the agency issued regulations on the rules of
practice (Part 2) that dealt with administrative procedures to be tollowed
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in connection with the issuance, amendment, transfer, suspension, and
revocation of licenses.”

The regulations on radiation protection, production and utilization
facilities, distribution of special nuclear material, and operators’ licenses
were written first because they had an immediate bearing on the de-
velopment of central-station power reactors. Even as the rules were
under consideration in 1955, the agency received applications from Con-
solidated Edison of New York and Commonwealth Edison in Chicago
for ¢ <truction permits for proposed atomic-powe  plants. The agency
hs .4'-1 the initial docketing of these applications under interim licens-

... gements, but it placed added pressure on Price’s staff to pro-
mulgat. final rules.

Price started the rule-writing process in December 1954 by presenting
to the Commission a report on the proposed definitions of production
and utilization facilities. This was the initial point for determining what
types of machines were to be licensed. The 1954 act allowed the agency
considerable flexibility to decide what facilities were production or uti-
lization units. According to the law, the determination depended on
whether « device was capable of producing or utilizing special nuclear
material (plutonium, uranium 233, or uranium 235) in such quantity as
to be of significance to the common defense and security or to affect
public health and safety. What would be subject to licensing rested on
the key words “significant quantity.” The staff’s definition established
the base quantity for both production and use facilities at a hundred
grams per year—a level above which agency experts believed both na-
tional security and public health and safety might be affected. Because
of this hundred-gram floor, production facilities would not include cy-
clotrons, synchrocyclotrons, or linear ion accelerators that were capable
of producing only insignificant (less than a hundred grams per year)
quantities of special nuclear material.*

The production-facility definition had other exceptions. It would not
extend to machines that were capable of increasing the uranium-235
content of uranium to an amount less than 10 percent by weight. The
staff placed this excepuion in the definition in order to exclude standard
industrial equipment, such as centrifuges and distillation cZlumns, that
were capable of enriching normal uranium only slightly, but would
otherwise fall under the definition of a production facility because they
could handle uranium in such large quantities that a yearly production
of a hundred grams of uranium 235 might be achieved. In addition,
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certain types of reactors, regardless of their potential production capa-
bility, were not included as production facilities. Instead, these reactors
were labeled utilization facilities. They included machines designed for
powering mobile equipment like aircraft or ships, producing steam or
heat for nonweapons purposes, medical therapy, research and devel-
opment, and irradiation of materials other than source materials or spe-
cial nuclear materials.®

The definition for utilization facility also had exceptions. Not included
were electronuclear machines (cyclotrons, synchrocyclotrons, and linear
ion accelerators), X-ray generators, and any equipment utilizing by-prod-
uct materials. Those devices historically had not been licensed by the
AEC even under the 1946 act although they were used widely in private
research and clinical medicine. The staff believed that since the nation
possessed no monopoly over “know-how” regarding the manufacture
and operation of those types of machines, and since their production
potential was negligible, they posed no threat to national security. The
staff reasoned that since the machines were run in the provi:.ze of re-
search and medical circles by people trained in their operation, there
was no overriding reason to assert federal control for health and safety
reasons. In the case of by-product devices, the AEC already exercised
authority over use of by-product materials, which the staff believed was
broad enough to encompass health and safety factors.*

Alengthy section of Price’s report discussed definitions of “component
parts” that the Commission might consider licensing. Examples included
drive rod mechanisms, specialized pumps, and motors. Subsequently,
however, the Licensing Review Committee recommended omitting such
items from regulation. Price explained to the Commission that the ra-
tionale for omission was that those items could do no harm to health
and safety or to national security until they became part of a reactor, at
which time the AEC would gain licensing control. Price noted that com-
ponents could be exported, but he assured the Commission that the
Commerce Department, which ran the export-control program, would
have the items on its export list. In addition, information on many
hardware components was classified. This gave additional control through
the classification regulations.*

Both the Commission and several industry groups reviewed the pro-
duction and utilization facility regulation prior to publication for initial
public comment in April 1955. Yet some unresolved issues remained.
Originally the regulation called for licensing of plants where nuclear
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fuels were fabricated into various shapes for insertion into reactors. After
lengthy consideration the Commission decided that those plants should
be excluded in the final rule because the special-nuclear-materials reg-
ulation provided for fuel-element fabrication with all needed safeguards.
The question of creditors’ rights also posed some uncertainties. The
original section of the facility regulation granted approval for foreclosure
by a creditor in the event of a bankruptcy proceeding. The creditor,
however, would not be able to assume the license w' 101t making reap-
plication to the AEC. This raised questions amo’ both the commis-
sioners and the industry groups that could not be answered readily. The
section was deleted in the final draft. Price noted at that time that the
agency would have to schedule further rule-making on the issue after
his group consulted experts in the mortgage-banking field.*

Certain sections of the facility regulations were relatively easy to write
because there was some guidance from the 1954 act. The act spelled out
the requirements for class-103 and class-104 licenses, and they were
copied into the regulations. Itemized information required in an appli-
cation was framed within the statutory criteria of safety to the public.
For example, the necessary information required on financial qualifica-
tions reflected the belief of Joint Committee members that an applicant
who was not financially qualified might take shortcuts in construction
that could affect the facility’s safety.¥

The AEC developed other sections, however, with little guidance ex-
cept the tenet of minimum regulation. Price told the Commission that
the section on technical data the applicant had to provide for the Hazards
Summary Report was based on borrowed and modified information that
the “Reactor Safeguard Committee gets when it looks over reactors at
the present.” But the rules provided only general guidance on the stan-
dards against which the regulators would judge the submit.ed data. A
key section broadly stated that a license would be granted if the appli-
cation provided “reasonable assurance” that the applicant would “com-
ply with the regulations,” if the applicant was “technically and financially
qualified” to construct and operate the facility, and if issuance of the
license would not be “inimical to the common defense and health and
safety of the public.” In effect this meant that the burden of judging the
quality of an application fell on technical appraisals by the agency. Both
government and industry officials knew that final publication of the
regulations did not preclude further revision and amendment as stan-
dards were developed for a maturing atomic industry. The early regu-
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lation was broadly fitted to the needs of a rapidly changing nuclear
technology and a multifaceted research-and-development program.*

To provide as much freedom as possible for the developers to exper-
iment as they progressed in their construction, Price’s task force included
in the regulations an “extended time for providing technicalinformation”
that allowed the AEC to issue a conditional or provisional construction
permit even though all the technical information required for the ap-
plication had not been submitted. The staff qualified this type of permit
by requiring that it be given sufficient information to provide “reasonable
assurance that a facility . . . can be constructed . . . without undue risk
to the health and safety of the public and that the omitted information
will be supplied.”*

Both the applicant and the AEC benefited from this provision. The
fact that the applicant would be issued a permit, albeit conditional,
would give the company some assurance that a construction permit
would be converted to an operating license. For the agency, issuing a
conditional construction permit provided the flexibility to investigate
proposed reactor designs that had not yet proved themselves. AEC
officials assumed that outstanding safety questions would be satisfied
by the time the reactor was ready to operate.

In such a potentially dangerous technology, this appeared to be a less
than cautious safety philosophy. The AEC, however, believed that its
safety provisions were adequate. Ceneral Manager Kenneth E. Fields
told the Joint Committee in early 1956 that the agency’s regulatory pro-
cedurcs guaranteed a careful evaluation of every proposed ator.ic re-
actor. They ensured that all hazards had been recognized, that “all
reasonable steps” were being taken to “minimize the probability of the
occurrence of an accident,” and that if an accident did occur its conse-
quences would be minimal. The regulatory program relied greatly on
the technical competence of the designers and operators as well as the
agency hazards staff, and included constant checks on the reactor op-
erator for compliance with the agency’s rules and regulations. The AEC
recognized that the conditional construction permit was not the ideal
licensing procedure. But because the power reactors under consideration
were still being developed and useful standards and codes could only
be written as the facilities became more standardized, the AEC had to
be flexible. Fields observed: “This is the type of construction permit that
we will probably have to issue for all the power demonstration reactors,
and even for many of the research, testing, and medical reactors, for
the next few years. "™
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The framers of the 1954 act expected private industry to begin toinvest
in atomic research and development and power-plant construction and
thereby ieduce the role government had played to that time. But the
AEC would exercise major responsibilities for speeding progress in the
peaceful uses of atomic energy. The agency maintained authority to fund
and construct large-scale atomic reactors for production and for research-
and-development purposes. The law prohibited the AEC from using
reactors to sell or distribute electricity, which was clearly to be a function
of private industry. In the fall of 1954 the Commission determined that
a flexible industry-government partnerchip was needed to develop power-
reactor technology as rapidly as possible and to spread the results of
research and development among vendors and utilities.”

Four months after the law went into effect, the AEC announced its
plan to encourage industry to take advantage of the statute’s provisions
through a Power Demonstration Reactor Program. The AEC began the
program largely because industry had indicated little immediate interest
in reactor development under the terms of the 1954 act. Despite the
enthusiasm expressed by some utility spokesmen, the overall response
of the industry to the opportunity for atomic development was re-
strained. In addition to the hazards of the technology, the financial
uncertainties of nuclear power contributed to a sense of caution and
fostered an attitude of wait-and-see among utility executives. The capital
and operating costs of nuclear power were sure to be much higher than
those of fossil-fuel plants, at least in the early stages of development,
and the prospects of realizing short-term profits from atomic stations
were dim. As an American Management Association symposium con-
cluded in 1957: “The atomic industry has not been—and is not likely to
be for a decade—attractive so far as quick profits are concerned.” When
Lewis Strauss made his oft-quoted statement in 1954 that nuclear power
could provide electricity “too cheap to meter,” he was referring to long-
range hopes rather than to immediate realities. He knew as well as
industry analysts that the heavy investments required were a major
impediment to the growth of nuclear power.”

As inducements for industry, the agency through its demonstration
program waived lor sever years the established fuel-use charges for the
Joan of source and special nuclear materials that the government owned
under the law. In addition, it offered to perform, without charge, “certain
mutually agreed upon research and development work” in its national
laboratories. Finally, the AEC offered subsidies, under a fixed-sum con-
tract, for other research-and-development work on proposed reactor
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designs. This last provision had two aims. First, it fixed a dollar ceiling
on AEC participation, thus placing the economic risks of a project squarely
on the industry. Second, the AEC could share the research-and-devel-
opment information it acquired with all interested parties, which would
avoid the charge that the agency was giving an advantage to any one
ﬁm'”

No single reactor design had established priority as the mainstay of
the power-reactor industry when the AEC announced the demonstration
program in January 1955. Although the pressurized-light-water reactor
being constructed at Shippingport seemed to have a lead over other
alternatives, it was by no means obvious that the light-water models
would dominate the field. The demonstration program was intended to
show which one or several were most practical and reliable. Conse-
quently, the program encouraged research on many reactor designs
between 1955, when it began, and 1963, when it ended. Under the initial
guidelines, industry had to submit proposals by 1 April 1955. Because
the AEC indicated that it might make subsequent requests for proposals,
those submitted before the initial deadline fell under what became known
as the “first round” of the demonstration program.

Four industry proposals came in under round one. A selection board
composed of five members from the Division of Reactor Development
and assisted by a technical advisory group of engineers and physicists
reviewed and evaluated them. It used five general criteria to make its
determinations: (1) probable contribution of the proposed project toward
achieving competitive nuclear power, (2) cost to the AEC, (3) financial
risk (construction delays, cost overruns from unforeseen technical prob-
lems) to be t2ken by the proposer, (4) competence and responsibility of
the proposer, and (5) assurances given against abandonment of the
project.™

One of the four proposals, from the Nuclear Power Group, headed
by the Commonwealth Edison Company of Chicago, was withdrawn
from the program even after a favorable evaluation by the selection
panel. The Nuciear Power Group decided, in August 1955, to waive its
request for research-and-development aid from the AEC and to proceed
privately. The project eventually culminated in the construction of a
power reactor in Dresden, lllinois. It was the first large-scale dual-cycle
boiling-light-water reactor and effectively demonstrated that concept’s
feasibility for electrical generation. The General Electric Company, a
pioneer in boiling-water reactors, designed the project.

Long a leader in the electrical business, General Electric had been an
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innovator in developing one of the few large industrial scientific research
laboratories at Schenectady, New York before World War II. The com-
pany entered the nuclear field in 1946 when it replaced the Du Pont
Company in running the Manhattan Project’s production reactors at
Hanford, Washington. In exchange, the government agreed to provide
an atomic-development laboratory near the company’s Schenectady
headquarters. Established in the fall of 1946, the Knolls Atomic Power
Laboratory worked on the navy’s submarine-propulsion program, which
gave General Electric scientists and engineers experience that could be
applied later in power-reactor development. In 1953 the company ini-
tiated its commercial nuclear operations when it decided to focus on
boiling-water reactor technology at its new Vallecitos Atomic Laboratory
near Pleasanton, California. Initially drawing heavily on AEC research
on boiling-water reactors carried out at Argonne National Laboratory,
General Electric determined that the direct cycle characteristic of the
boiling-water reactor was a key feature it wished to exploit because it
could cut the capital cost of a reactor without jeopardizing safety. Unlike
the pressurized-water reactor being constructed by Westinghouse at
Shippingport, the boiling-water reactor allows the coolant to boil in the
core. The steam is then fed directly to the turbine generator through a
steam drum, thus eliminating the need for the costly steam generator
that pressurized-water reactors use. The company developed this tech-
nology with its experimental Vallecitos reactor. Fourteen months after
start of construction, the AEC in August 1957 granted the experimental
plant the first operating license issued to a privately owned reactor. In
the meantime General Electric had contracted with its old customer, the
Commonwealth Edison Company, to supply the Dresden facility. Gen-
eral Electric became the leading and eventually the only endor for
boiling-water reactors.”

Of the other three first-round projects, the proposal of the Yankee
Atomic Electric Company to build a 175-megawatt electric pressurized-
water reactor at Rowe, Massachusetts proceeded most smoothly. Ship-
pingport, then under censtruction, also was a pressurized-water reactor,
but Yankee Atomic’s concept, like Shippingport a Westinghouse reactor,
was different because it operated at lower pressures. Delay over a dis-
agreement about the nature of the AEC research and development to
be conducted under the proposal hampered the signing of a contract
until June 1956. Construction went almost on schedule and Yankee Atomic
began operation in 1960.

The Consumers Public Power District of Nebraska proposed under
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round one to build a small sodium graphite reactor at Hallam that was
designed by Atomics International. With respect to technical feasibility
the selection board rated the design as about on a par with that of the
pressurized-water reactor. There were, however, several unknowns, the
most important of which was the lack of significant operating experience
with a sodium-cooled reactor to that time. Finalization of a contract was
delayed unti! September 1957, primarily because Consumers was unable
to assume the financial risk for the plant. The two parties resolved the
problem by agreeing that the AEC would own the reactor, terms made
possible under round two of the demonstration program. Construction
began in 1959 and the reactor went critical in 1962.

The Power Reactor Developinent Company, a consortium led by the
Detroit Edison Company, signed a contract with the AEC for a fast-
breeder reactor in mid-1956. The last of the round-one proposals, the
Power Reactor Development Company’s plant became involved in a legal
and political dispute that resulted in long delays.*

In addition to the round-one proposals, the AEC granted in May 1956
a construction permit to Consolidated Edison Company of New York to
build a pressurized-water reactor on the Hudson River at Indian Point,
New York, approximately twenty-four miles north of the center of New
York City. Top management in the company disliked government in-
trusion and believed that private enterprise should underwrite the de-
velopment of commercial atomic power. On that ba s Consolidated
Edison proceeded witii the Indian Point plant witho participating in
the Power Demonstration Reactor Program. The facility began operation
in 1962.%

The first round of the demonstration program represented the AEC’s
attempt to speed up reactor development by private industry with a
minimum of government subsidy. While generally viewed by the in-
dustry as a promising start toward private atomic development, the
program drew some complaints. None of the proposed reactors inround
one were small in scale. The AEC aimed at large-scale prototype reactors.
Critics, particularly the Rural Electrification Administration and small
publicly and privately owned utilities, complained that the terms of
round one effectively precluded them because they lacked the capital
necessary to participate. In addition, they were more interested in smaller-
scale plants suitable for their generating needs. The agency atten:pted
to satisfy the program’s critics by announcing round two in September
1955, which enlarged the AEC's role. Under this round the agency of-
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fered to finance and retain ownership of the reactor portion of the facility,
much as the earlier Shippingport contract had provided. By retaining
ownership the agency accomplished two objectives. First, it avoided
conflict with that section of the 1954 law which prohibited direct subsidy
of reactor construction. Even more important, it allowed smaller con-
sumer-owned utilities to join the program without making an enormous
capital outlay as was required in the first round. Under the second round,
reactor size was limited to power output ranging from five to forty
megawatts electric. Proposals had to be submitted by 1 February 1956.%

Six municipally or cooperatively owned facilities filed proposals. A
seventh came from the University of Florida. The selection board found
four of the proposals acceptable for further negotiation, but after more
than a year, agreements had not been reached because of the continuing
reluctance of the utilities to assume the financial risks. This lack of prog-
ress created a good deal of consternation, particularly among Joint Com-
mittee members who wanted a more vigorous reactor program, even if
it meant a major government reactor-construction program. A change
in the rules resulted, allowing the AEC to contract directly with the
equipment manufacturer for the design and development of a reactor
and with the utility for the site and conventional generating facilities.
Even with this additional provision only two of the original proposals
under round two were negotiated and consummated: an Allis-Chalmers
Manufacturing Company closed-cycle boiling-water reactor sponsored
by the Rural Cooperative Power Association in Flk River, Minnesota and
an Atomics International organic-cooled and -moderated reactor owned
by the City of Piqua, Ohio.”

In response to increased Joint Committee pressure to expand the re-
actor program the AEC announced a third round in January 1957. The
agency aimed this phase at encouraging private utilities to finance con-
struction of advanced reactor designs under terms similar to those of
round one. It received several proposals, a number of which led to new
projects. The designs included a seventeen-megawatt electric heavy-
water pressure-tube reactor at Parr, South Carolina with a design quite
different from those of the typical heavy-water reactors being developed
in Canada; a boiling-water reactor at Big Rock Point in Michigan that
tested different fuel elements; the Pathfinder plant in South Dakota that
implemented an advanced nuclear-fueled superheater; and a high-tem-
perature gas-cooled reactor at Peach Bottom, Pennsylvania. The AEC
undertook negotiations, entered into contracts, and issued construction
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permits for those plants in the late 1950s and early 1960s. Finally, in
August 1962, the AEC announced a modified third round of the dem-
onstration program calling for proposals for “large . . . base load, elec-
trical generating facilities” that would demonstrate reactors “as reliable
sources of electrical power.” In other words, only proven reactor-con-
cepts were eligible. By the end of the program in 1963, the light-water
reactor family had emerged as the future workhouse of the atomic
industry.®

While it licensed the first demonstration reactors under the utilization
regulations, the agency also spent considerable time in 1955 on two other
sets of rules that applied to power reactors. Regulations on special nu-
clear materials and on operators’ licenses were necessary to implement
the 1954 Atomic Energy Act. Under the law, the government retained
title to all special nuclear material because of its strategic importance in
making atomic bombs. So Congress imposed upon the Commission the
responsibility to protect special nuclear material against loss, diversion,
and unauthorized use. Since national-security considerations gave spe-
cial nuclear materials a high strategic value, the foremost concern of
Price’s task force was to develop rules to safeguard them. The Atomic
Energy Act specifically told the Commission that special nuclear mate-
rials must be distributed so that no user would be “permitted to construct
an atomic bomb,” and under standards that would “protect health and
minimize danger to life and property.”®' Although in certain forms spe-
cial nuclear material needed to be controlled because of health and safety
considerations, the strategic aspects were critical in the development of
regulations.

The agency required a license to possess special nuclear material. A
power-reactor owner applied for a materials license concurrently with
a submission for a utilization-facility license. The AEC insisted on this
procedure to assure a facility of adequate supplies of fuel for the duration
of its forty-year license period. Agency officials thought it would be
unrealistic to expect private groups to make substantial investments for
reactor construction without guarantees that special nuclear material
would be available at the time of operation. Fuel fabricators and pro-
cessors, unlike reactor owners, would not receive an assured supply of
material, although they, too, would normally make application to pos-
sess special nuclear materials at the same time they applied for their
facility license. The issuance of a materials license to a fuel fabricator or
a processor was analogous to a hunting license because both had to



THE STRUCTURE OF ATOMIC REGULATION 83

solicit business from reactor owners. Consequently, their supply of ma-
terial came out of the allocations granted to reactor owners. To accom-
modate this, the regulation provided for transfer of special nuclear
materials from one licensee to another.”

The key problem in developing the regulation concerned the extent
to which the agency should impose detailed rules for accountability and
safeguarding the material. The first draft from Price’s task force warily
incorporated detailed procedures. The authors attempted a compromise
that would satisfy the 1954 act’s forceful provisions but would not be
too burdensome on the licensees. The draft instructed licensees to es-
tablish double-entry accounting records and internal control procedures,
directed licensees to take measurements of special nuclear material
shipped oi received, and required physical inventories as well as the
submission to the AEC of material palance reports. Elaborate safeguard
details were also written in the sections on protection of the material.
Reviewing this draft in early February 1955, the comr: issioners thought
the stringent provisions were too detailed and exacting. Commissioners
Libby and Murray suggested rethinking the regulation to modify the
more formidable requirements. Price’s drafters went back to work.®

The new draft completely eliminated the sections on accountability
procedures and provisions for safeguards. The rule merely stated that
the AEC could incorporate additional requirements in this area. Because
of its bearing on national security, this was a major policy decision that
the Commission studied and discussed at length. Price carried the ar-
gument for the elimination of the procedures. He commented that the
AEC should stay out of the licensee’s business. “We don't care,” Price
argued, “whether he keeps the records on the back of an envelope or
where, just so he has them and we can come and look at them.” The
premise for allowing a licensee to keep his own accounts was based on
the inherent monetary value of the material. Price said what the gov-
ernment was telling the licensee was that “he is the one on the hook
for the dollar value, and will proteci it out of self interest.”*

The same premise applied to safeguarding the material. “It is more
valuable than gold,” Price noted at a later meeting with the commis-
sioners. “Banks know how to protect gold. We think these companies
know how to protect this material.” From a different perspective, Strauss
challenged Price’s argument. The value of the material did not bother
Strauss, but possible diversion to a potential enemy did. “To the extent
that weapons grade material or spiked material is involved, covert op-
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erations could accumulate enough to make a weapon,” Strauss sug-
gested. When Nichols answered that the criminal penalties were a serious
impediment to clandestine activities, Strauss retorted that an enemy was
not much concerned with a violation of American law. But Price assured
Strauss that the regulators were relying on more than criminal penalties.
“We believe,” he said, “that the financial investment that the licensee
has in the material will give him the incentive, and that he will just out
of his own self interest give it the kind of guarding and protecting that
will satisfy what we regard as the kind of protection that the strategic
value would require.” Price further assured Strauss that the agency’s
inspection program would add another obstacle to any possible covert
operation. Nichols capped the discussion by mentioning the other side
of the regulatory problem that struck a sympathetic note with Strauss.
“The minute you start writing rules,” Nichols said, “you get into a most
difficult problem here of interfering with private business.” The regu-
lation carried as written *

The third set in the initial group of regulations discussed >y the Com-
mission-—operators’ licenses—was approved with some relu« tance. When
discussing the draft 1954 act in executive session with th+ Joint Com-
mittee in May 1954, the agency took a position that licens.ne operators
of atomic facilities would be unduly burdensome for the AEC. Strauss
argued that it was more appropriate to license the plant and make the
facility’s management responsible for its own operators. Congressman
Carl Hinshaw of California and Senator John Bricker of Ohio immedi-
ately took Strauss to task. Hinshaw reminded the AEC chairman that
the Joint Committee had considered this section carefully and “came to
the conclusion that the public interest . . . made it highly desirable for
the Commission not only to license these people, but to examine into
their knowledge of the situation before they operated the facilities, be-
cause it is rather a dangerous thing to do in some instances.” Bricker
added his support: “Pulling the wrong lever might not only be of interest
to the company, but of interest to the public generally, or the whole
community. It [operators] ought to be licensed by the authority that
knows more about this subject.” Meekly, Strauss replied, “Very well,
sir,” and a section on operators’ licenses was included in the 1954 act.
Price’s task force finished the first draft of the operators’-license regu-
lation in February 1955, and the Commission approved it for discussion
with the industry groups in March.*

The Commission did not hold its first substantive discussion of the
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regulation, however, until 6 April. Price reported that all the advisory
industry groups agreed with the original AEC position that the agency
should not regulate this area. Strauss suggested to his colleagues that
the Commission write to the Joint Committee, reiterate the agency po-
sition, back it up with the testimony from the industry groups, and ask
for an amendment eliminating the section. He said he was concerned
over the amount of work that Price’s group would have to put into the
regulations. But Price cautioned Strauss against that approach. He thought
it would be difficult to make a stronger case now than the Commission
had made at the time of the hearings. Price assured Strauss that the
regulation was relatively simple. In addition, he observed that only four
people in the country would be affected by it immediately, those being
the opetators of the first private research reactor at North Carolina State
College. This was all the more reason, argued Price, for not going to
the Joint Committee for an amendment. The agency should wait until
it had acquired experience with more operators.”

The task force wrote the regulation as simply as possible. The rule
required an applicant to take an operating test and pass a medical ex-
amination. It aiso took care of people who were already trained in gov-
ernment contract and navy reactor programs by waiving the require-
ments for operators who could prove their qualifications to the AEC.
Price believed that the regulatiun imposed minimum demands that
still met the main objective of protecting the health and safety of the
public. He said the task force was inclined to follow the example of the
Civil Aeronautics Administration in licensing pilots. “They examine
the man’s competence, his health,” Price said. “They leave it to the
inanagement to determine if he is reliable and trustworthy. In view
of the tremendous investment that the companies will have in these
plants, . . . we thought that this was a proper case where we could say
that the selection of reliable people is the responsibility of management,
and that it would be getting into the management function to scmne
extent to be trying to determine that kind of qualification.” The Com-
mission agreed.®

Even whi'e these regulations were being developed and the Division
of Civilian Application was being organized, processing of applications
for construction permits began. As the licensing process evolved, it
proceeded along both formal and informal lines involving personnel not
only in the Civilian Application Division but in several other program
units as well. Because all reactor designs were developmental, whether
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they were carried out privately or under the government-sponsored
power-demonstration program, the applicants benefited from an early
and informal discussion of their proposals with the AEC staff. Those
meetings determined, first, whether the projects were feasible, and sec-
ond, whether they included the necessary technical data, financial in-
formation, and safety provisions required under the regulations in the
formal application.”

At the preliminary meetings, which were numerous and long, the
staff emphasized that the initiative for the safety of the reactors rested
with the applicant. Consequentiy, the applicant’s engineers and scien-
tists had to review every phase of the proposed reactor design and
cperating procedure to assure that the probability of a serious operating
mishap had been brought to an acceptably low level. In addition, the
applicant had to provide information on a second line of defense to
prevent serious consequences should an accident occur. The preliminary
informal discussions highlighted such matters as the relationship be-
tween the site and the reactor containment; the fact that the applicant
had to select a site on the basis of complete knowledge of all radiological
factors and had to consider the hydrology, meteorology, and seismology
of a site; and the requirement that an applicant look at the population
density of the surrounding areas and plan for the probable population
distribution in future years. In addition, it was necessary to determine
whether the surrounding areas were used for industrial, commercial,
agricultural, or residential purposes, and whether the surface or ground
waters that might be subject to contamination by the proposed reactor
were used for human or animal consumption. The discussions more
than merely underscored the applicant’s responsibility for the safety of
a proposed project. Outstanding technical problems were isolated so
that the applicant could resolve them before submitting a formal request
for a license. The agency staff provided not only guidance but also
information from current state-of-the-art research conducted by AEC
laboratories. All this facilitated not only the licensing process but the
development of the reactor industry.”™

The AEC's rules of practice established the formal procedures for pro-
cessing the application. After being docketed by the Civilian Application
Division, the application received an administrative revicw for com-
pleteness. This process checked the items required by the 1954 act and
the implementing regulations. Key information included data on the
financial and technical qualifications of the applicant, the earliest and
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latest dates for completion of the project, a request for allocation of
special nuclear material, the nature of restricted data within the appli-
cation, and the inclusion of the hazards-summary report. Any missing
data had to be supplied by the applicant before the process moved
forward.”

Several AEC divisions then worked on the application. Throughout,
the Division of Inspection kept abreast of the proposed design, technical
aspects, and construction progress. The Division of Finance conducted
a review of the applicant’s financial qualifications. The Division of Re-
actor Development reviewed the application to determine the technical
competence of the applicant and the reasonableness of the special-nu-
clear-material request. The Nuclear Materials Management Division cal-
culated the facility’s special-nuclear-materials requirements. The Division
of Production, under whose supervision AEC reprocessing plants op-
erated, gave advice on whether existing or proposed AEC reprocessing
facilities could handle the fuel returns from the applicant’s facility.”

The Hazards Evaluation Branch in Civilian Application performed the
critical task of reviewing the hazards-summary report. In addition, the
Safeguards Committee conducted an independent review. Those two
reviews constituted *  heart of the application process. Much of the
information in the = .zards-summary report already had been discussed
with the applic> 1 the preliminary informal meetings. The document
now includec applicant’s best technical opinion as to what could
possibly take iace in the reactor that might result in the release of
radioactive materials from its core and conclusions on the effectiveness
of the facility’s containment and isolation in minimizing the conse-
quences of such occurrences. The staff review of the report judged the
safety of the reactor by use of much of the same procedure as Teller’s
original committee. In this process the regulators often sought the advice
of the Safeguards Committee and held additional meetings with the
applicant to discuss further any questions raised by the report. The staff's
goal was to arrive at a point where it believed there was reasonable
assurance that the reactor could be operated safely or at least that any
unresolved safety problems could be mitigated over the intervening
construction period. After construction was completed, the applicant
was required to submit a final updated hazards-summary report before
the construction permit was converted to an operating license.”

Evaluation of applications was a formidable task. Everyone in the
nuclear field recognized that an accident could destroy the fledgling
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industry or at least set it back many years. Excessive caution, though,
if it did not recognize established principles of reliable reactor design
and operation or if it overloaded the machines with unnecessary and
expensive safeguards, might also have a negative impact on develop-
ment of the industry. The problem was to find the appropriate balance
despite many unanswered questions about atomic energy. Both the AEC
regulators and the applicants lacked definitive safety standards and cri-
teria against which to judge a reactor application. A technology marked
by many reactor designs, all in the developmental stage, made it even
more difficult to apply uniform standards. Even with the experience
gained by the mid-1950s, many gaps in technical knowledge remained
to be resolved before the regulators could devise standards with greater
certainty. Concerned about this, Rogers McCuliough wrete in 1957 that
a “discussion of unknowns in reactor safety could be lengthy indeed.”
He itemized some of them: knowledge of the properties of steel and
other metals under stress in a reactor was not complete; means of quan-
tifying the effect of various forms of radiation on reactor materials needed
more study; the question of the reaction of water with aluminum, zir-
conium, uranium, and thorium needed more theoretical and experi-
mental work; and in the event of a major reactor accident, the measures
required to decontaminate a large area or minimize radiation exposure
were uncertain. Consequently, the hazards staff and the Safeguards
Committee had to give a great amount of individual attention to the
design details of each reactor.™

Unknowns in the technology presented special problems for the agency
When questioned by the Joint Committee, AEC officials admitted readily
that they had not “reached the stage where there are rules of thumb
which can be applied to the hazards evaluation of reactors.” The agency’s
policy had to be a cautious, deliberate approach on issuing detailed
criteria since nearly every reactor application “presented new problems
or required the reconsideration of problems in new contexts.” In spite
of the lack of codes or formulas, the AEC believed it could move forward
in the safe licensing of reactors. General Manager Fields reported to the
Joint Committee in 1957: “We can identify a good many elements or
factors which must be evaluated in consideration of the safety aspects
of reactors. We can, also, in the case of some of these factors provide
general guides against which we attempt to evaluate the pertinent in-

tormation available for the particular reactor. Not all of such factors
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would require consideration in connection with every reactor, and the
general guides stated for these factors might need to be revised or mod-
ified in connection with particular reactors.””

The Division of Reactor Development's ongoing research-and-devel-
opment programs at the various national laboratories gave considerable
attention to safety issues that provided knowledge for the regulators.
This research was carried out on a specific safety-program basis and, in
some instances, or an individual reactor-project basis. For example,
some experiments designed to obtain safety information were done with
the Boiling Reactor Experiments (BORAX V) and the experimental
breeder reactor. The BORAX experiments, conducted at the Idaho test
station by Argonne Laboratory, were designed to study the feasibility
and operating characteristics of boiling-light-water reactors. In particu-
lar, the early tests dealt with inherent control conditions of such reactors.
The first of five experimental reactors built between 1953 and 1962,
BORAXA, started up in 1953, was the first boiling-light-water reactor.
After a long series of experirnents that demonstrated the technical fea-
sibility and inherent stability of the concept, BORAX- was subjected to
an extreme power-excursion experiment that resulted in partial meit-
down of the core. More important for safety considerations, however,
the experiment dramatically confirmed the self-quenching characteristic
of a steam void that reduced the reactivity of the system. Argonne’s
experimental breeder reactor, also constructed at the Idaho test station,
was put through a series of experiments that provided valuable safety
information; they included operating through a zone of temperature
instability combined wiih rapid power increases. In addition, other test
reactors were in a design or construction phase. Individual programs
also were run that tested metal-water reaction, metai ignition, reactor
fuses, containment, and reactor instrumentation and control.”

While the agency spent an increasing amount of money on safety-
research projects, the regulators had no control over the program other
than to request information on safety-related questions that were raised
by the licensing process. There was much cooperation between the haz-
ards-evaluation staff in the Division of Civilian Application and the Re-
actor Development Division staff. In addition, the regulatory staff received
research results from applicants for reactor facilities, licensees, and their
manufacturers. But in those days, when the Commission placed top
priority on the successful development of a nuclear industry, it sought
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to maintain flexibility, cut red tape, and increase administrative effi-
ciency. So it appeared only natural that safety research should be an
important part of the agency’s larger research and development program.”

Following its evaluation and review of an atomic-facility application,
Price’s division submitted a staff paper to the general manager that
analyzed all pertinent facts on the proposed facility and presented its
recommendations on issuing the construction permit and the allocation
of special nuclear material. After review by the general counsel, the
recommendation along with the independent Safeguards Committee
appraisal was sent to the Commission for its decision. If it was approved,
Price issued a construction permit.”

The construction permit might have conditions placed on it. Fields
had told the Joint Committee that conditions probably would be common
in the case of the early reactors since most were in the development
stage and the applicants often could not provide initiaily all the technical
data needed for the AEC to make a conclusive judgment on the safety
of the machines. But as long as the regulatory staff agreed that the
applicant could furnish the answers before submission of the final haz-
ards-summary report, a conditional permit could be issued under terms
in the regulations allowing “extended time for providing technical in-
formation.” This permitted the construction of developmental reactors
without violating any known safety considerations. Theoretically, it also
provided an incentive to the licensee to resolve safety issues, because a
conditional construction peinit indicated that the holder had to remove
the conditions before an operating !icense would be issued. At the same
time the conditional permit guaranteed tuel for the reactor and allowed
construction to proceed side by side with continuing technical
refinement.”

Semisecrecy surrounded the agency’s evaluation of an application. In
1956 the AEC established a Public Document Room at its downtown
Washington building, where enumerated items about an application
were deposited for public inspection. They included “records of license
and access permit applications and issuances, comments from interested
persons on proposed regulations, and records of licensing hearings.”
But the regulatory-staff safety analysis on its review of an application,
and Safeguards Committee safety reports, were considered internal doc-
uments. In addition, all meetings between the applicant and agency staf{
as well as Commission meetings where decisions were made on an
application were closed. Minutes of those meetings were not made avail-
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able. Only the Commission’s decision was disclosed. Even the Joint
Committee was not routinely informed of the staff’s and the Safeguards
Committee’s recommendations on proposed facilities.*

The Commission’s rules of practice, subject under the Atomic Energy
Act of 1954 to the Administrative Procedures Act of 1946, allowed public
participation. The rules specified that an applicant or an intervenor could
request a hearing, or the Commission, on its own initiative, could order
a hearing prior to taking action on an application. Since it was unlikely
that the Commission or ai: applicant would request a hearing, the only
real possibility for such action would be based on a request from an
intervenor. Yet since little information was available before a construc-
tion permit was issued upon which a potential intervenor might base a
petition for a hearing, an intervention could in practice occur only after
the agency issued a permit. AEC rules specified that the Commission
w d order a hearing if a valid petition was received within thirty days
after the issuance of a license.”

Issuing an operating license was the second principal step in the li-
censing process. Several years usually intervened between the construc-
tion-permit issuance and the conversion to an operating license. During
that time the licensee regularly sent supplementary information to the
Division of Civilian Application to bring the application up to date and
to fulfill any conditions that had been placed on the construction permit.
When the applicant was ready to convert his license, he submitted a
final hazards-summary report. As in the earlier construction-permit re-
“iew, the regulatory staff and the Safeguards Committee formally re-
iewed the report. Recommendations again were forwarded through
tne general manager to the Commission, which, if it decided favorably,
authorized Price to issue the operating license. At this time the licensee
also received authorization to possess the scurce material, special nuclear
material, or by-product material used or produced during the facility's
operation.®

President Eisenhower had explicitly stated a goal of minimum regu-
lation for the new atomic-energy industry, and his philosophy had been
incorporated in the 1954 Atomic Energy Act. When General Manager
Kenneth Nichols discussed the early regulatory program with the com-
missioners in February 1955, he told them that the concept was “to get
into the licensee’s business as little as possible.” Describing the Joint
Committee discussion of the regulatory program at the recently held
“202” hearings, Nichols concluded that the majority of its members also
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felt that way.® The subsequent development of regulations and a reg-
ulatory organization by the AEC implemented the national policy set in
the White House and in Congress. Minimum regulation that protected
national security and public health and safety appeared as the only
logical way to proceed if the new industry was to be allowed the nec-
essary flexibility to develop fully. Because the technology was in a de-
velopmental stage and was years away from maturity as a competitive
industry, Price and his regulators established the safety program in a
general way in order to adjust to fast-moving developments and existing
imponderables. They knew the system had imperfections. But sharp
criticism and major challenges to their regulatory procedures came sooner
than they had expected.



IV

INSURING
AGAINST CATASTROPHE:
PRICE-ANDERSON

e ——— e

Everyone involved in the atomic-power program in the mid-1950s
accepted the fact that atomic technology posed significant potential dan-
ger. The 1954 act acknowledged the hazards by its many references to
the need for protection of public health and safety. Both government
officials and private promoters recognized that to develop a successful
atomic-power industry careful attention to reactor design, construction,
and operation was essential. Effective regulation was equally necessary
to reduce the chances of a reactor accident and to mitigate any serious
conseqrences if such an accident occurred. The government’s impressive
safety record since the war years with its own reactors contributed a
sense of optimism that future reactor operations, both government-owned
and privately owned, would remain free of major accidents. Atomic
proponents, nonetheless, acknowledged that the ideal of zero risk could
never be achieved. To guard against what they considered a remote but
real possibility that a catastrophe might occur, government authorities
and industry leaders strongly supported some type of liability insurance
to cover the emerging private atomic industry. Lack of such insurance
protection, they believed, could stall or even stop the private develop-
ment of atomic power.

The story of enactment of the insurance-indemnity program (the Price-
Anderson Act) between 1954 and 1957 is a key element in understanding
the AEC’s dual promoter/regulator role as the agency moved on an
uncharted course to fulfill its mandate under the 1954 law. The Com-
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mission had to license a technology that was considered safe but still
involved the risk of a catastrophic accident. In order to promote the new
industry by providing insurance coverage for a major nuclear accident,
the AEC entered the private-insurance field in a novel way never before
employed by government, industry, or insurance underwriters. Con-
sequently, the two years eading to the passage of the Price-Anderson
law gave important firsthand experience to the atomic and insurance
industries, the AEC, and the Joint Committee in dealing with the com-
plex ramifications of atomic development.

Francis K. McCune, general manager of the Atomic Products Division
of the General Electric Company, first brought the insurance problem
to the Joint Committee’s attention during the 1954 hearings on revisions
to the atomic law. Under the 1946 act the question of liability had not
been considered because all facilities were owned by the government
and, therefore, were self-insured. But with the advent of private own-
ership and development the liability problem seemed likely to arise.
McCune told the Joint Committee that private enterprise’s inability to
secure adequate insurance coverage would be a serious obstacle to growth
of an atomic industry. He believed private enterprise should carry its
own insurance to the extent that the insurance industry could offer
protection. But he suggested that the government should make some
provision for insurance above whatever limits were privately available
“to protect both industry and innocent people against the kind of ca-
tastrophe that we hope will never come.” McCune thought such cov-
erage would probably be necessary if the goal of widespread atomic
industrial progress was to be achieved.'

McCune recognized that in urging government insurance assistance
he was at odds with his own request and the call of private industry in
general for increased freedom from government control in atomic affairs.
But the problem of liability, he noted, “is bigger than any that business
has ever had to face.” In the event of a major atomic accident, it was
“entirely possible for damage to exceed the corporate assets of any given
contractor or insurance company.”?

The 1954 law, however, included no provision permitting the AEC to
insure any licensee’s operation. On the contrary, although it gave the
AEC authority to include “hold harmless” provisions in its contracts for
the management and operation of Commission-owned plants, the new
statute contained a section that specifically required licensees who used
special nuclear material (which they leased from the AEC) to make the
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United States and the Commission unaccountable for any damages re-
sulting from the use or possession of the material. In other words, the
government assumed no liability for damages that arose because of faulty
nuclear material that caused an accident. The law’s legislative history
shows no further discussion on the liability question. For at least two
reasons Congress did not address McCune’s concerns in the statute.
First, the background research and data on the insurance problem were
not available to the Joint Committee at the time. The committee and its
staff knew that to wait for an investigation on the liability question would
delay passage of the law. Second, no immediate need for an indemnity
provision existed. All concerned with private atomic development re-
alized it would take years before liability coverage would be required,
which would occur only when the first privately owned reactor began
operation. McCune merely had identified a future problem; in 1954 it
was not urgent.’

Within a short time, however, both the AEC and the Joint Committee
began looking more closely at the insurance question. Joint Committee
staff counsel George Norris suggested in December 1954 that a panel
composed of atomic industry and insurance leaders be formed to “sort
out the major questions on which decisions are needed.” Although such
a group did not materialize until 1956, the AEC on its own began security-
clearance procedures in late 1954 for several insurance executives so that
they could study AEC data and make recommendations to the agency.*

When AEC officials informed the Joint Committee at the annual “202”
hearings in 1955 that industry probably could not acquire enough private
insurance to meet its needs and might require supplemental government
coverage, the news irked Chet Holifield. Several AEC witnesses insisted
that the lack of adequate insurance was potentially detrimental to private
atomic avvelopment and that the matter demanded further detailed
study. Holifield appeared mystified. “It is interesting to me,” he com-
mented, “that all these industrial groups which beat tom-toms and put
articles in national magazines and built up a great propaganda drive
that now is the time for private industry to come in and do a job, are
suddenly becoming a little coy. They don’t want to plunge in. They are
putting their big toe in the wate:, and say it is a little cold; will the
Government give us a little incentive?”®

Notwithstanding Holifield’s comment, a parade of industry witnesses
emphasized the potential impact of the insurance problem. Paul W.
McQuillen, an attorney with the New York law firm of Sullivan and
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~romwell and chairman of the Legal Committee of Atomic Power De-
velopment Associates, hoped that the industry’s worry would be shared
by Congress. He cautioned that private industry was unlikely ever to
be able to underwrite the whole risk of atomic accidents, though he
added that it should be able to carry a substantial amount of the load.*

General Electric’s director of research, C. G. Suits, testified for the
National Association of Manufacturers that while the probability of a
serious atomic accident could be reduced through careful design and
proper location of reactors, it would never reach zero. “It is this extremely
improbable but not entirely negligible accident,” he said, “for which
insurance has thus far been sought unsuccessfully.” Suits emphasized
that industry willingly and realistically recognized the unusual hazards
of atomic power, and added that “from the nature of those risks . . .
protection must be accomplished by insurance.” Later in the hearings,
General Electric’'s McCune echoed Suits’s concern about the inability to
obtain adequate insurance for atomic risks. He considered it a great
problem for the industry and recommended that the Joint Committee
study the situation and invite insurance representatives to give their
views.”

Hudson R. Searing, president of Consolidated Edison Company of
New York, presented a slightly different perspective to the Joint Com-
mittee. In announcing that his company planned to construct and op-
erate a reactor without any federal financial assistance from the AEC's
Power Demonstration Reactor Program, Searing also noted that Con Ed
was a large company and accordingly could assume substantial risks.
Thus the lack of an insurance program was not a deterrent to its initial
plans. He pointed out that he could say this now because the risk from
the reactor would not arise for three or four years and he felt confident
that by that time the “insurance industry will know a great deal more
about the hazards involved and will work out some solutions to the
problem.” He emphasized that his company did not underestimate the
liability problem. Although the issue would not slow Con Ed’s project,
he said, “in the case of smaller companies it may operate as a serious
deterrent to their going ahead.” To encourage those companies to par-
ticipate promptly in the reactor program, Searing urged some form of
government insurance protection.”

Foster Wheeler Corporation president Earle W. Mills suggested what
might be done in more specific terms. Since an atomic catastrophe might
easily exceed the resources of any private insurance underwriter, or even
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groups of uriderwriters, he told the Joint Committee that for some time
to come, the government should provide a legal umbrella to relieve the
underwriters until experience with reactors could bring reductions of
the risks to “reasonable commercial dimensions.” Mills believed industry
had to determine how much insurance was needed and then seek as
much coverage as possible from private companies. If the private ca-
pacity still proved insufficient, the government could supplement the
difference. But Mills cautioned: “Government should not subsidize this
insurance protection any more than is necessary.”’

Throughout 1955 the National Industrial Conference Board, the As-
sociation of Insurance Counsels, the Federal Bar Association, the United
States Chamber of Commerce, and the American Bar Association held
sessions at their annual meetings in attempts to develop better under-
standing of atomic insurance questions. Lawyers, insurance and utility
executives, scientists, and engineers participated in the discussions, which
had the effect of giving increasing weight to the immediacy of the prob-
lems associated with insuring private reactors. In addition, at the Geneva
International Conference on the Peaceful Uses of Atomic Energy, experts
presented a number of papers that called attention to the complexities
of the topic."

Not surprisingly, the AEC took the lead in attempting to determine
the magnitude of the problem and to devise possible solutions. By March
1955 the agency had cleared ten executives of the fire and casualty in-
surance industry to study its records, visit its facilities, and talk with
key government officials. In June this Insurance Study Group wrote a
preliminary report on its findings that the AEC widely publicized. The
study emphasized that the fundamental difficulty of insuring atomic
reactors was that the “catastrophe potential, although remote, [was]
more serious than anything [then] known in industry.” As a result the
authors could draw only tentative conclusions pending additional study."

The report outlined some specific concerns. It affirmed that physical
damage to reactors and related machinery could probably be handled
in the same way that boilers and machinery were covered in other in-
dustries. But radioactive contamination of equipment and containment
buildings resulting from reactor failure presented new problems requir-
ing further investigation to determine the scope of coverage needed.
The report also raised questions about insuring against loss of use of a
facility if an accident happened. Other industries frequently purchased
this type of business-interruption insurance. But the study group be-
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lieved that if such coverage were to be made available during the early
development of industrial atomic power, it would be very limited in
amount. Another issue requiring futher study involved reactors located
near large existing industrial plants. The possible damage to other fa-
cilities might exceed the capacity of the insurance industry."

The insurance executives considered the most serious problem to be
third-party liability—the possibility of widespread damage to property
or harm to persons beyond the boundaries of the plant property. Claims
might be made directly by the person suffering injury or loss, or they
might arise as subrogation actions on the part of insurers who were
called upon to pay the third parties. The study group cited as examples
claims for property losses or decontamination paid by property insurers,
and workmen'’s-compensation losses arising from injuries to employees
in neighboring plants. They reported that claims of those types, in the
event of a catastrophic accident, might amount to an extremely high
aggregate total."”

Some of the insurance executives’ conclusions were less disquieting.
They contended that the insurance problem was complicated by the
experimental nature of the power-reactor development program but noted
that as knowledge of the hazards accumulated, the insurance market
could be expected to increase its capacity. The study group suggested
a continuing liaison effort between the insurance industry and the AEC
that would build confidence in the technology among the insurers. But
the insurance spokesmen warned that in order to promote insurability
of atomic-energy enterprises in the future, “it is believed absolutely
necessary that the present Reactor Safeguards Committee or a similar
committee continue to function and that stringent safety standards be
maintained as a condition precedent to licensing.” Finally, the group
disclaimed any intention to recommend “whether or not legislation should
be proposed under which the Government might assume liabilities in
excess of those normally covered by [private] insurance.”"

After studying the report, Civilian Application Division director Har-
old Price, controller Don S. Burrows, and general counsel William Mitch-
ell reported jointly to the Commission that they believed the insurance
industry would be able to write substantial amounts of insurance on
atomic risks. But the three AEC officials could not provide clear evidence
at that time that those amounts would be adequate; consequently, they
expressed uncertainty about the need for the agency to request legis-
lation authorizing government insurance. The Insurance Study Group
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would continue to meet; but to get other viewpoints, Price planned to
send letters to organizations that had submitted proposals under the
power-demonstration program as well as to vendor corporations re-
questing comments on the preliminary conclusions of the insurance
executives. Mitchell told the Commission he hoped the responses would
clarify whether government assistance might be required."”

The agency effort produced mixed reactions. General Electric’s McCune
and Ray L. Schacht of the Consumers Public Power District wanted
prompt legislative action. What the industry needed, McCune wrote,
was insurance against extraordinary risks, and “at the present time the
only way to provide such insurance is by legislation.” Schacht thought
the study group’s report indicated that the insurance industry would
have to develop an increased capacity in order to meet the current re-
quirements of the Power Demonstration Reactor Program. Convinced
that the insurance industry would not be able to respond adequately,
Schacht urged a legislative program that would provide government
assistance, Commonwealth Edison suggested that the national interest
required a quick resolution of the problem. The Chicago-based utility
recommended “some form of Conigressional assurance under which the
Government would assume the risk beyond a specified large limit in the
event of a major catastrophe.” But responses from Detroit Edison, West-
inghouse, Yankee Atomic, and Consolidated Edison indicated uncer-
tainty and a willingness to wait for results of further study by the insurance
industry.'

As a contingency, Clark Vogel of the AEC’s general counsel’s office
drafted an insurance bill which he, Mitchell, and Price discussed with
the Insurance Stady Group on 24 October 1955. The insurers reported
at the meeting that the industry probably could write twenty-five million
dollars of liability coverage for each atomic plant and that it had been
working on a plan through which members of the insurance industry
could make specific commitments to a pool of insurers. Moving a little
closer to committal, they thought that under those circumstances it
seemed reasonable that the AEC proceed with drafting legislation, at
least until insurers could state more precisely what coverage they could
offer. The study group hoped to be more specific by the time they met
in December."

Both the organization of the insurance industry and the amount of
coverage it could provide presented major obstacles to solving the atomic
insurance problem. The numerous companies in the public-liability field
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were divided between stock insurance companies and mutual insurance
companies. Furthermore, both stock and mutual companies were split
between the underwriters of personal damage and underwriters of prop-
erty damage, although in a few instances companies bridged the two
fields. The insurers realized that not one or two or even several of the
largest companies jointly could underwrite the amount of insurance the
atomic industry indicated it would require.” Insurance leaders, there-
fore, worked on solving the problem by organizing the industry into
syndicates or pools. The study group sent invitations to all American
insurance companies to participate. A sizable number elected to join,
and by May 1956 three syndicates had been organized.

One syndicate, the Nuclear Energy Property Insurance Association,
consisted of stock property-insurance companies that were willing to
retain for each company’s account a minimum of twenty-five thousand
dollars to cover atomic activities. The association acted as an agency to
offer property coverage for reactors, fuel-fabrication plants, and fuel-
reprocessing facilities. Stock liability insurers formed a second pool, the
Nuciear Energy Liability Insurance Association, through which its mem-
bers could offer insurance protection (other than workmen'’s compen-
sation, which would be handled through regular insurance policies)
against liability due to radiation hazards connected with reactors, fuel-
reprocessing facilities, and the transportation of wastes. Like the prop-
erty syndicate, minimum individual-company membership required a
reserve of twenty-five thousand dollars for atomic insurance. Both stock
syndicates indicated to the AEC that they would be able to offer jointly
about fifty million dollars of coverage per atomic installation.

Mutual companies made up the third syndicate. The Mutual Atomic
Energy Insurance Pool differed from the other two. Its members covered
both third-party liability and physical damage, separately or combined,
in a net amount retained directly by each participating insurance com-
pany. This pool hoped to provide from eleven to fifteen million dollars
of insurance for each atomic facility. Thus the level of private-property
and liability insurance available for each installation totaled approxi-
mately sixty to sixty-five million dollars. This represented an unprece-
dented undertaking by the insurance companies; the largest amount
made available to other American industries had never exceeded fifteen
million.*

While the AEC set in motion the activities of the insurance companies,
the Joint (_ommittee, in January 1956, received the report of a blue-ribbon
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panel (named the McKinney Panel after its chairman, New Mexico news-
paper publisher Robert McKinney) that it had asked to appraise the
growth of the peaceful uses of atomic energy. Along with other requests
the Joint Committee had asked the panel to recommend any legislative
or policy actions needed to speed the development of private atomic
energy. Part of the wide-ranging final report dealt with the insurance
question. It encouraged the reviews that the AEC and the insurance
industry were carrying out but concluded that at least two to three years
remained “in which te cona ict research and accumulate know >dge and
experience before ~ay substantial private activity can be delayed or
stopped because of the inabiity to obtain adequate insurance.” Con-
sequently, the panel viewed a “federal atomic insurance program as a
threat to private atomic enterprise, not a benefit,” and thought it should
be considered as a iast resort. The McKinney panel was not satisfied
that the time had arrived to consider the need for federal involvement.”

In early 1956 the AEC staff reached the same conclusion. After meeting
with the insurance industry advisory group in January, Mitchell, Bur-
rows, and Price reported to the Commission that the atomic industry
should “further consider the adequacy of private insurance coverage
which will be available.” Any Commission decision on whether to rec-
ommend legislation providing insurance coverage in excess of that pri-
vately available should be based on whether failure to offer government
coverage would impede the atomic-energy program. The staff members
emphasized their opinion that the Commission s judgment would be
based not on “new technical i: formation or on new evaluations of ex-
isting information” but on whether the atomic industry would proceed
without government coverage

Nonetheless, in anticipation tha’ government assistance might be
needed, the staff raised several unresolved questions. No determination
had been made as to what type of assistance was most desirable. Three
forms had been suggested: direct government excess-coverage insur-
ance, in which the government would provide extra insurance beyond
that available through private insurance; general indemnity, in which
the government would give general protection to the atomic industry
against uninsured liability to the public; and limitation of liability com-
bined with public protection through a special disaster-insurance plan.
In addition, the question of rates remained open, particularly if excess-
coverage insurance were to be selected. To date, no definitive rate studies
had been made by the insurance industry, although indications were
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that each reactor project would be evaluated separately. Finally, a major
question existed on whether to set an upper limit on the amount of
government assistance provided. Only continued investigation by the
AEC and tive insurance industry could answer some of these questions.”

The Joint Committee’s “202” hearings in February and March 1956
provided another forum to discuss the latest insurance developments.
AEC witnesses outlined the progress to date bu' ' tated again to rec-
ommend a federal program. Sterling Cole expres- d his dismay that the
McKinney panel had not investigated the matter thoroughly and sug-
gested that if the AEC or the Joint Committee failed to find a solution,
the industry would be discouraged from moving into the atomic-power
field. Congressr.an Melvin Price went further. Fearing a deadlock if
something was not done, he told his colleagues that he had directed the
Joint Committee staff to investigate the question of third-party liability.
He asked Joint Committee chairman Anderson to “set aside a special
meeting or hearing on this particular matter.”*

As a former insurance executive, Senator Anderson was the best-
equipped member of the Joint Committee to deal with the insurance
problem. Born in North Dakota, the son of a Swedish immigrant farmer,
in 1895, Anderson had by 1917 completed three years of college. Rejected
that year for Army officer’s training because of a tubercular infection,
he left home for a rine-month rest at a New Mexico sanatorium and
decided to remain in the Southwest. Taking a job as a reporter {or the
Albuguerque Herald, then switching to the Albuguerque Journal, he became
the laiter's managing editor in 1922. But a recurrence of tubercuiosis
forced him to seek a job out of doors, so he turned to selling insurance
and in 1925 started his own agency. While operating his business, he
also became active in New Mexico Democratic politics, handling several
state and federal jobs during the depression. In 1940 he became a full-
time politician when he was elected to the first of three terms in the
U.S. House of Representatives. In Washington he developed a poker-
table companionship with Senator Harry Truman, who, as president,
named Anderson his secretary of agriculture in 1945. Returning to elec-
toral politics in 1948, Anderson ran successfully for the Senate. Because
of the importance of atomic energy in New Mexico, he eagerly sought
appointment to the joint Committee, which he secured in 1951. He
quickly emerged as an influential member of the committee and became
its chairman for the first time in 1954 (the chairmanship rotated between
the Senate and the House each session of Congress). The tall, curly-
haired Anderson was a dedicated and hardworking legislator who won
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the respect of his colleagues for the knowledge he acquired of the nation’s
atomic-energy programs. He was not, however, a genial, outgoing type,
and when aroused he could be petulant and vindictive. He was plagued
by illness throughout his life; in addition to tuberculosis he suffered
from diabetes, shingles, and a heart ailment (Eisenhower speculated
rather illogically in 1958 that Anderson’s bitter animosity toward Lewis
Strauss might be attributed to the Senator’s diabetic condition). In con-
sidering liability protection for the atomic industry, Anderson’s expe-
rience in the insurance field gave him solid credentials to play a leading
role in discussions of the complex issue.”

If Senator Anderson needed further encouragement to address the
insurance problem promptly, he received it over the next few days from
several industry witnesses. Commonwealth Edison’s chairman, Willis
Gale, told the Joint Committee that if reactors were to be built, coverage
of catastrophe risk had to be provided. Like most industry leaders, he
believed the hazard to be extremely remote. Since the development of
competitive atomic power was “in the interest of all the people,” Gale
asked, “why not have the risk shared by all the people through the
Federal Government?” Detroit Edison’s Walker Cisler backed Gale: “The
absolute necessity of insurance against a catastrophe involving extensive
public liability, in adequate amount, cannot be overstressed.” In a dis-
cussion of the McKinney Panel report, Philip Sporn, president of Amer-
ican Gas and Electric Corporation, talked about the dilemma the insurance
question placed on the industry. Experience with reactors would provide
more data about the possibilities of catastrophic occurrences. But Sporn
said the atomic industry could not complete and operate reactors, thus
accumulating the needed data, “without some form of assurance that
the potentially very great claims resulting from a major catastrophe could
be satisfied.” The logical solution rested with the federal government,
Sporn emphasized.”

Anderson wanted both a broader and more in-depth perspective on
the problem. Accepting Melvin Price’s earlier advice, he announced
toward the close of the “202” hearings that the Joint Committee would
sponsor a unique advisory seminar in mid-March 1956. Representatives
of the insurance and atomic industries were invited, along with the AEC
and interested members of the legal community. Even as the staff worked
out the details, Price and Cole responded to the atomic industry’s plea
and introduced separate legislation amending the 1954 law to authorize
liability protection for reactor owners.”

The two bills were the first legislative attempts to deal with liability.
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Price introduced his bill on 1 March. It provided for a ten-year period
within which the AEC, upon individual requests from utilities, would
enter into an agreement to indemnify an owner, operator, manufacturer,
designer, and builder of a production and utilization facility against
uninsured liability to the public for bodily injury, death, or property
damage arising from atomic hazards. Before such agreements could be
effected, however, the AEC had to be assured that nongovernmental
insurance against such liability under normal contingencies had been
obtained. Cole’s bill, introduced on 7 March and considered by some
attorneys to be of doubtful constitutionality, proposed to limit liability
in the event of a catastrophic accident. It set a ceiling of “twice the
original capital cost” of an individual facility. This sum would apply to
all contractors and subcontractors of the licensee in the design, construc-
tion, or operation of an atomic-power facility. If an accident occurred in
which damages exceeded such an aggregate amount, the licensee could
apply to an appropriate U.S. District Court for an order limiting the
liability as well as one apportioning a claimant’s payments “upon ap-
propriate proof of damage.” The bills needed refinement, but in effect
they precluded any immediate AEC decision to initiate a legislative pro-
posal. In addition, the bills signaled to industry that some form of liability
relief might be forthcoming.*

A week before the Joint Committee seminar, the Atomic Industrial
Forum released a much-awaited preliminary report, “Financial Protec-
tion against Atomic Hazards,” prepared by the Legislative Drafting Re-
search Fund of Columbia University. In November 1955 the industry
group had concluded that although the insurance community might be
able to marshal a sizable amount of coverage, “there would yet remain
a large potential liability for which it might be prudent and desirable to
make provision.” Seeking an independent legal study on the question,
the Forum engaged the Legislative Drafting Fund, which over the years
had provided technical drafting assistance for several pieces of important
national legislation. New York attorney Arthur W. Murphy, the exec-
utive director of the study, wrote the report. Columbia Law School
professors John M. Kernochan, the Fund director, and John G. Palfrey
supervised the work. When the Forum contracted for the study, it re-
quired that a preliminary draft be submitted by 1 March 1956. Although
coincidental, the release of the report in early March came at a time
when industry, AEC, and Joint Coramittee views were merging in sup-
port of legislative action to include some federal role in the solution of
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the problem. Consequently, the preliminary report turned out to be more
significant than the final report that was published in 1957.%

The Forum scheduled a meeting for 8 March at its New York City
headquarters to discuss the report. Representatives of the atomic and
insurance industries attended. Copies of the report were also sent to
the AEC, to the Joint Commiittee, and to the scheduled participants at
the upcoming Joint Committee seminar.”

The report succinctly presented an overview of the problem and sug-
gested general solutions. Murphy pointed out that because basic re-
search had not yet been completed, the material presented was necessarily
tentative. I spite of this reservation, the author believed it was advan-
tageous to set out at an early stage some of the relevant considerations
and possible approaches to the problem.”

More than half of the report identified the problem and its effect on
the atomic industry, the public, and the government. Most of the con-
clusions were familiar: the chance of a catastrophic accident was con-
sidered small; although current efforts by the insurance industry would
offer liability coverage many times greater than that available ‘o other
industries, the magnitude of a catastrophic accident still could not be
fully covered; the reluctance of the atomic industry to proceed without
additional coverage was “a serious immediate threat to the vital national
interest” of atomic-power development; and the public would have to
bear a major share of the losses. The key conclusion, however, assumed
an active role for the AEC in providing liability coverage “in view of its
special relation to atomic energy.”*

Since the 1954 act gave the government 2 polymorphous role, Murphy
wrote, by making the AEC a “sponsor, participant, regulator, guardian
and mediator,” the agency’s conduct sometimes appeared ambivalent.
Nevertheless, unless the agency’s responsibility to public health and
safety was to be narrowly defined, the AEC’s functions should include
“provision for compensating the public for damage suffered as a result
of the atomic energy program.” To date, that had not been accomplished;
in fact, under the current special-nuclear-materials licensing program,
the “hold harmless” clause snifted all responsibility to the private atomic
industry. On the basis of this argument the report concluded that the
AEC should participate in resolving the problem.”

The remainder of the report considered the government role. Any
program adopted had to include requirements for the private atomic
industry to protect itself against liability to third parties and for the public
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to be protected. Murphy reviewed other government insurance pro-
grams, including crop insurance, bank-deposit insurance, and a proposal
for flood insurance, but found they offered few precedents for atomic-
energy questions. The report briefly touched on three considerations
that had to be addressed: the extent of government intervention, or at
what point in any indemnity program the government would begin
activities and limit its liability; the fees to be charged industry for gov-
ernment participation; and the feasibility of compelling the industry to
take on whatever liability protection the government program offered.
Becuuse of its preliminary nature the report proposed few answers to
those questions; it promised further analysis in its final form. Despite
the difficulty of assessing the report’s impact precisely, it seems clear
that the force of its argument for government participation in the liability
area was influential. Furthermore, it helped change the focus of the
liability question from one of protecting industry against catastrophic
liability to one in which the need to protect the public was of equal
importance. The report’s release came at an opportune time because it
helped produce a consensus at the Joint Committee’s March 1956 seminar
on the need for legislation that included a major government role.™

The two-day seminar was the first meeting together for most of those
involved in the insurance question. After months of investigation, re-
ports, and small-group meetings, all participants were quite knowl-
edgeable about the problems involved. The Joint Committee believed
that the informal seminar a*mosphere, closed to outside participants,
would be the best way to exchange ideas and evaluate possible solutions
that had been proposed. Accordingly, the Joint Committee established
a flexible agenda. In the opening session, Price, Mitchell, and Rogers
McCuliough outlined government experience to date and summarized
the technical features of reactor safety and potential hazards. The par-
ticipants used the remainder of the two days to discuss four questions:
what the operators wanted, what the manufacturers wanted, what the
insurance community would give, and what needed to be done.”

The informal atmosphere of the seminar encouraged a frank exchange
of views. Utility and vendor representatives, though gratified by the
insurance industry’s willingness to provide an unprecedented amount
ot liability coverage, emphasized that ever those amounts were inade-
quate for catastrophic accidents. They thought that since the realistic
limits of possible damage were incalculable, nothing short of complete
indemnification would be adequate if private development was to pro-
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ceed expeditiously. In a significant change of policy from his earlier
position, Consolidated Edison’s Searing said his company would go
ahead and construct its reactor but would not put fuel rods in it unless
the insurance problem was solved. Other utility spokesmen indicated
that they would not even begin construction. The insurance represen-
tatives, still working on organizing their syndicates, generally opposed
government participation in their business. They expressed hope that
any legislation would take the form of indemnification rather than in-
surance. Although AEC representatives expressed no opinion on the
advantages and disadvantages of a government role, the consensus of
the seminar supported some legislative action to guarantee government
protection above that of private companies.*

In his statement to the seminar, William Mitchell emphasized that
Congress must decide whether such protection was necessary. That
decision, he observed, would be made when the Joint Committee con-
sidered the Price and Cole bills that recently had been introduced. Al-
though the general counsel remarked that the AEC was not prepared
at that time to make any recommendations, in fact the commissioners
had already discussed the matter and had agreed that they would en-
courage a government program if the private sector could not offer
adequate protection. Staff work on an AEC proposal began shortly after
the seminar.”

While Mitchell, Price, and Burrows developed the AEC’s plan, the
Joint Committee staff readied its own guidelines for legislation that in-
corporated certain features of the Price and Cole bills. Senator Anderson
made the proposal public in a letter that also announced hearings on
the subject begirning 15 May 1956. The Joint Committee’s main rec-
ommendation was that the government offer indemnity of as much as
five hundred million dollars above any third-party liability insurance
provided by private carriers. Damages over the government ceiling would
be handled by special legislation. The proposal also limited the liability
of the licensees and equipment manufacturers to the total amount of
private insurance plus the government indemnity. The government would
charge a minimum annual fee per reactor for its indemnity coverage
with proceeds going to AEC's safety research-and-development pro-
gram. Refinement of specific language for a bill continued for a month
before Anderson formally introduced his measure in the Senate on 25
May.*

Joint Committee staff director James T. Ramey had collaborated with
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Anderson to arrive at the five-hundred-million-dollar figure. With pol-
itics in mind and no hard evidence on what might be a realistic number,
Ramey had suggested five hur.dred million as simply representing the
halfway point between zero and a billion dollars. Anderson readily ac-
cepted the number. In a later discussion the senator presented his ra-
tionale for the figure. He thought that ceilings on insurance policies
were worthwhile and important and therefore an upper-limit figure in
the proposed bill seemed desirable. Anderson noted additionally that if
no upper limit was placed on the amount of government indemnity,
some budget-conscious legislators would skeptically view what unlim-
ited indemnity represented. So he attempted to please both his political
colleagues and the atomic industry. Anderson said he wanted to “find
something” that would take care of the pressing need for liability cov-
erage while at the same time would “be able to be carried into law and
not disturb anybody who is worried about the budget situation.” Ques-
tioning whether any bill could pass Congress that incorporated “a blank
check that says we will take care of every reactor accident no matter
what the claims may total,” Anderson remarked that if the industry was
not pleased with the five-hundred-million-dollar figure, “it might end
up being satisfied with nothing at all.”*

The AEC staff had drafted a much simpler proposal that it readied
for Commission consideration by the end of April. The AEC bill featured
an unlimited indemnity approach that acknowledged that claims might
exceed those usually handled by insurance. It also recognized the dif-
ficulty of assessing the amount of coverage needed because the chance
of a catastrophe seemed so remote that the probability of risk could not
be calculated in a meaningful way for insurance purposes. The bill granted
the Commission authority, over a ten-year period, to indemnify, above
the limits provided by private insurance, each owner, operator, manu-
facturer, designer, and builder of a facility against third-party liability
for the life of the facility. In addition, it required the Commission to use
the services of private insurance companies to the “maximum practical
extent. "%

Unlike the earlier Cole bill as well as the proposal suggested by An-
derson, the AEC staff thought that its measure averted a possible con-
stitutional challenge over limiting the amount of liability. Even more
important, unlimited-liability coverage assured full compensation to the
public. The staff also thought administration of its program would be
simpler than the other plans and, through indemnification rather than
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direct insurance, avoided government competition with the insurance
industry.*

The staff selected the unlimited-liability feature after reviewing other
feasible approaches including direct insurance to the atomic industry,
reinsurance of the insurance industry, and the limited-liability concept.
Direct insurance and reinsurance were eliminated because of admir. s-
trative overhead as well as undesirable competition with the insurance
industry. The staff pointed out that the major problem, not only with
some form of insurance that had a top dollar figure but also with a
limited-indemnity program, was in determining “such limits on a real-
istic basis.” In discussing the alternatives the staff made a strong and
repeated argument that setting realistic limits was not only an arbitrary,
impractical exercise but might well result in inadequate coverage for
compensation to the public.*

The staff also gave careful attention to the definition of the limits to
which a licensee would be liable under private insurance and above
which the government indemnification would take effect. Since the atomic
industry repeatedly argued that private insurance coverage would be
inadequate, the simplest procedure would be for the government'’s in-
demnification to be limited to claims above the available private cover-
age. The staff also considered a number of other alternatives for defining
Lmits below the available top amount of private insurance. Those in-
ruded formulas related to cost of a facility; value of fissionable material
on hand; power levels; fission-product activity; combinations of power
levels and geographic areas subject to radioactive damage coupled with
estimates of potential damages; and judgments based on such factors
as the need for the facility, its size, cost, use, design, and location,
owner's financial status, and cost of insurance

The staff concluded that any of those alternatives would establish
relatively arbitrary limits that seemed unreasonable in specific cases. It
argued that on the one hand the simpler examples failed to give weight
to significant factors but that on the other hand the more complex ap-
proaches resulted in basing analyses on a great number of arbitrary
assumptions. In addition, all the examples involved unreasonably com-
plex and time-consuming studies. In the final analysis, the staff thought
that allowing the atomic and insurance industries more time to work
out the problem would be a better solution at that time than attempting
to provide a government solution through specifically defined legisla-
tion. Such an approach would resolve any concern about companies
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planning large facilities because they would undoubtedly insure or as-
sume the risk up to the linuts of available private insurance. Smaller
reactors, the staff observed, were of less concern because they might
not require protection against liability above the levels of insurance th
could buy from private insurers. Consequently, the proposed bill «
provided for indemnification above the limits of available private
insurance *

Although the Commission agreed with the staff’s reccommendations,
the standard review of proposed legislation by the Bureau of the Budget
brought two modifications to the bill that the Commission reluctantly
accepted. The staff proposal assessed each licensee a nominal hundred-
dollar fee to cover administrative costs incurred by the AEC. The bill
ervisioned no charge for the indemnification itself because such fees
appeared inapplicable to the unlimited-indemnity concept. The staff had
argued that determining such a fee must take into account the amount
of coverage provided. Since the size of the risk and the probability of
accidents were extremely difficult if not impossible to estimate, it ap-
peared impractical to base any charge on those factors. The Bureau of
the Budget countered that if industry paid no indemnity fee, a precedent
might be establiched for providing this service free of charge. In other
words, since indemnification protected a licensee above a defined level
provided by private insurance, it had monetary value. Unless those
benefiting were assessed for the program, they would be receiving a
subsidy. The Commission deferred to the Budget Bureau argument and
added a section making an annual charge at “reasonable” rates set after
considering the insurance industry’s premiums for the basic coverage.*

The Bureau of the Budget aiso strongly urged a reinsurance program
in which the insurance industry would write the additional insurance
with the government reinsuring the underwriters. The idea resulted
from the administration’s ex;ci.ence with a pending flood-relief bill that
included the reinsurance concept. More or less as a sop to the Budget
Bureau the Commission added a reinsurance provision to its bill, but

included it as an alternative to the indemnity plan it clearly favored.
I'he reinsurance item also established an “atomic hazard indemnity fund”
where proceeds from payments collected would be deposited. Such a

mechanism was common to both private and government insurance
programs.*

Congressman Cole introduced the Commission bill, and the commis-
sioners testified at the Joint Committee hearings on the insurance ques-
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tion the week of 15 May 1956. The purpose of the hearings was to
publicize the facts about and possible solutions to the indemnity prob-
lem. Testimony revealed little that was new to the participants since the
earlier private work on the problem had already created a consensus
that some federal involvement was necessary. Early in the hearings Cole
pointed out that the basic issues were familiar to everyone and that the
Joint Committee had been on notice for two years that atomic-power
development would be stalied until the insurance question was resolved.
The main questions facing the Joim Committee concerned the level and
the method of federal participation. The AEC presented its answers to
those questions on the first day. Harold Price and Mitchell were key
figures among the agency contingent that trooped into the House Caucus
Room at the Capitol. Chairman Strauss and General Manager Kenneth
Fields added weight to the agency position, while Commissioner Libby
and Rogers McCullough spoke as experts on reactor safety and the
consequences of accidents.”

After Strauss opened the hearings with a plea for the legislation to
promote more quickly the use of atomic power, Harold Price told the
Joint Committee that the Commission based its bill on several assump-
tions. First, he said, “we do not expect to have a catastrophic accident
in this field but we cannot guarantee against it.” Next he acknowledged
the lack of solid data on the probabilities of a major accident, although
he reiterated, “we are sure that the risk is extremely remote.” And finally,
since no one had had experience with such an accident, it was impossible
“to know the magnitude of the losses.” The AEC bill incorporated those
assumptions through its principle of unlimited-liability coverage by the
government above amounts provided by the insurance carriers.*

Although Price affirmed that the AEC would be satisfied with either
direct indemnity or government reinsurance, he made his preference
clear by acknowledging that the insurance industry objected to a gov-
ernment reinsurance program. Under either method the government
would take on the total Lability for the amount in excess of the basic
insurance. Price asserted, however, and testimony by members of the
insurance industry unanimously backed him, that the insuranceindustry
thought that by providing the unprecedented sixty million dollars of
basic insurance, it had taken care of its part of the insurance problem.
The insurance industry regarded the special catastrophe problem as
something beyond its obligations. Consequently, the insurers argued
that government indemnity was the best approach. Quite aware of their
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position from his extensive contacts with insurance executives, Price
made an effective argument for indemnity without badly tarnishing the
Bureau of the Budget's reinsurance recommendation.*

Mitchell testified on the legal provisions of liability. Under questioning
on indemnity versus reinsurance, he left the matter open for the Joint
Committee to decide. He thought the agency could accomplish its ob-
jective of resolving the problem either by indemnity and reinsurance or
by indemnitv only. The choice seemed clear to the Joint Committee.
Indemnity raised no opposition; objections from the insurance industry
tipped the balance against reinsurance ™

One of the major points in the AEC bill—unlimited indemnity-—at
first attracted little attention. Price initially introduced the concept by
remarking that “since the size of the risk involved cannot be accurately
estimated, we recommend that the legislation not place any ceiling on
the amount of the indemnity.” Although the AEC had considered the
five-hundred-million-dollar limit proposed by Senator Anderson, Price
told the Joint Committee that it had concluded that that amount or “any
other particular figure” had “no sound basis.” The Commission opposed
a limit on indemnity until more experience and data were available. The
agency’s position did not imply that it anticipated accidents causing
damage in excess of the coverage that the insurance industry would
offer. Price’s statement maintained that the licensing procedure estab-
lished by the agency was designed to give “reasonable assurance” that
such large accidents would not occur. A nagging doubt nevertheless
remained. “It is because we cannot guarantee against the remote pos-
sibility of a catastrophe,” Price stated, “that we are recommending leg-
islation in this field. "

McCullough, Libby, and Fieids discussed the state of reactor tech-
nology, current knowledge of contamination effects in the event of an
accident, and AEC procedures to prevent such an occurrence. Ironically,
the information presented allowed Senator Anderson to undercut the
agency’s position on unlimited liability. McCullough acknowledged that
reactor technology was “still very young” and there were “no standards
by which we can judge reactors at this stage of the game.” Rather, he
said, engineering judgment had been and would continue to be used
for some time to determine that the “hazard is acceptably low.” He
emphasized that for the first time in any major industrial development
an attempt was being made to foresee possible accidents or disasters
and to take positive steps to prevent them. After briefly describing the
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known dynamics of runaway reactors, the Advisory Committee on Re-
actor Sa‘eguards chairman maintained that the excellent safety record
to that time could be sustained through existing methods: “careful re-
act~ design by competent people, careful, conscientious, and skillful
operation, and adequate maintenance—and, would like to add, a good
deal of luck.”®

Willard Libby discussed with the Joint Committee what could happen
in the “worst possible case” reactor accident that would totally release
its fission products. But he differentiated between maximum possible
damage and the more likely probable damage in the event of a reactor
failure, He also testified that estimates of consequences were necessarily
theoretical because, fortunately, “practical experience with reactor failure
has been minimal.” The danger arose from the fission products accu-
mulated during the operating period, and not just from the additional
fission products generated instantaneously in a runaway accident.”

Using the latest theoretical appraisal made by Frank Pittman, the dep-
uty director of Civilian Application who had assistance from the staff of
the Division of Biology and Medicine, Libby described the lethal con-
ditions if all fission products were released. A reactor of a hundred
thousand therral kilowatts would affect only the immediate vicinity of
the reactor, whereas a reactor in the range of millions of thermal kilowatts
extended the harmful dose to distances of ten to fifty miles. A full release
from a hundred-thousand-thermal-kilowatt reactor might kill between
twenty and fifty people in a region with a population density of two
hundred to five hundred people per square mile. Even with fairly prompt
evacuation, Libby said, between three hundred and five hundred people
might be exposed to “possibly damaging levels of radiation.” Libby
reminded his audience that these calculations were strongly dependent
upon the time and height of the release and the meteorological
conditions.™

Libby also estimated contamination resulting from release of 1 percent
of one hundred days’ accumulated fission products at full power in a
ten-thousand-thermal-kilowatt reactor: “In an area of 1 to 5 square miles,
crops would probably be unfit for use, within this same area perhaps
one-half square mile would have to be temporarily evacuated, perhaps
50 to 100 acres would be unusable for about 2 years without thorough
decontamination; and in addition, of course, there might be a few acres
near the site which would be more heavily contaminated.” He reiterated
that the damage would be influenced greatly by terrain and wind pat-



114 INSURING AGAINST CATASTROPHE: PRICE-ANDERSON

terns. Rainfall would also change the possible effects. The area imme-
diately surrounding the plant would be more heavily contaminated, but
conversely, rainfall would decrease the damage farther out. Bodies of
water would be contaminated both by direct fallout and by secondary
leaching from the land into streams. Libby thought direct fallout could
make close-in bodies of water unusable for some time; leaching would
be less of a problem because it would take longer. Monitoring of water
downstream from the accident nonetheless would be required.*

Libby translated into dollar figures the property damage for a worst
possible case: “explosive rupture of the core of the reactor and complete
release of all the accumulated fission products after 100 days of operation
at full power.” For a ten-thousand-thermal-kilowatt reactor, the property
damage would range from five to twenty-four million dollars; for a
hundred-thousand-thermal-kilowatt reactor, the estimate increased from
fifty to two hundred million dollars.*

Senator Anderson quizzed Libby on this estimate. On the basis of the
figures the commissioner had cited, Anderson wanted to know if there
was any point in talking about damage over a billion dollars, or even
five hundred million. When Libby replied that his totals were “pretty
conservative,” Anderson inquired why the AEC could not place a top
limit on the coverage the government would extend to industry. Citing
the five-hundred-million-dollar amount that the Joint Committee had
suggested in addition to the sixty million the insurance industry would
provide, Anderson asked whether that would not be relatively complete
coverage. Libby realized that his estimations had undercut the Com-
mission’s argument for unlimited indemnity. Making the best of this
uncomfortable situation, he replied, “Though I speak with an air of
certainty, | am not sure these figures are absolutely the upper limits to
maximum possible loss. I think the assumptions given in calculating
these figures are reasonable assumptions, But you might have condi-
tions, Senator, which make them worse.”

The Commission later changed its figures. On 13 June Kenneth Fields
sent a letter to the Joint Committee clarifying Libby's testimony. Fields
noted that Libby used figures based on thermal kilowatts since in general
discussion of reactor hazards, engineers and scientists used thermal
output because many machines such as experimental and research re-
actors produced no electrical power. Now using an arbitrary conversion
ratio of one electrical kilowatt to four thermal kilowatts, Fields provided
new figures to the committee. In an accident with a release of 1 percent
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of the fission prodacts from a hundred-thousand-electrical-kilowatt fa-
cility, the property damage range might be in the order of two million
dollars to eight million. In the remote possibility of release of one hundred
percent of the fission products froin such a facility, the AEC estimated
the range of damage from 130 million dollars to six hundred million.
For a two-hundred-thousand-electrical-kilowatt facility with one hundred
percent release of fission products, the new property damage estimate
increased from a low of 180 million dollars to a high of nine hundred
million. Of the three central-power-station reactors being planned or
under construction at the time, Shippingpcrt would have an electrical-
power output of ninety thousand kilowatts, Commonwealth Edison’s
Dresden facility two hundred thousand electrical kilowatts, and Con-
solidated Edison’s Indian Point plant 265 thousand kilowatts. While Fields’
letter clarified the situation somewhat, it apparently had no effect on
the disposition of the Joint Committee to keep the bill's five-hundred-
million-dollar government limit.*

At the completion of the testimony of McCullough, Libby, and Fields,
Senator Anderson noted that their remarks revealed how carefully the
“Commission is going into this and how many precautions it has taken
to safeguard health.” So he wondered aloud why the indemnity program
was necessary. But in the next breath he commented that if the hazard
was not very great, the government might easily undertake the program
without jeopardizing its financial credit. Senator Henry Jackson inter-
rupted Andersor: s meandering thoughts to remind the chairman that
an accident might occur. “The important thing,” Jackson said, “is not
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