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Introduction

Naomi Oreskes

Historians are committed to studying science and technology in context. We accept,
as a matter of principle that is rarely debated, that the context of intellectual work is
part of its history, and that any account of knowledge that does not include its cultural
origins is at best incomplete, and at worst misleading in intellectually and politically
significant ways. Yet the question of exactly how context affects content remains
challenging. Even though history of science and history of technology are mature
disciplines, the scientists (and to a somewhat lesser extent engineers) that we study
still tend to resist our approach, often viewing contextualization as diminishing their
claims to objectivity and the universality of scientific knowledge. Although we insist
on the importance of context, we are often at pains to demonstrate in a convincing
manner just how the broader social, political, economic, or religious environments of
knowledge production really matter to the knowledge being produced.

One area in which historians have recently produced a substantial corpus of con-
vincing work addressing this challenge is the history of science and technology in
the Cold War. The Cold War presents a rich opportunity for historians because the
dramatic expansion of science and engineering supported by national governments
and the relation of governmental support for science and engineering to geopolitical
conflict and ambition invite appraisal of the relationship between those conflicts and
ambitions and the science that, in some way, supported and enabled them. The arms
race, most obviously, would not have occurred without the East-West political conflict
that is often taken to define the Cold War, but it also could not have occurred without
the work of scientists and engineers. Much has already been written about the role of
scientists in building the nuclear weaponry that defined the Cold War, but the space
race, the exploration of the deep oceans and the deep interior of the Earth, the rise
of telecommunications and civilian nuclear power, and many other scientific and
technological developments were also directly tied to the global conflict that the Cold
War entailed.

One person whose thinking about the Cold War has strongly influenced the schol-
arship presented in this volume is the historian Daniel Kevles. In the 1980s, thinking
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about how the Cold War did or did not alter the intellectual trajectory of American
physics, Kevles famously concluded that physics is what physicists do. On some level
that is undeniable, yet Kevles’ formulation left unanswered the historical questions of
why they do what they do rather than what they did before, what they might otherwise
have done at the time, and what they may yet do in the future. Work in the 1980s
and the 1990s also left largely unaddressed the role of sciences other than physics in
the Cold War.

Since the 1980s, when Kevles—along with Paul Forman—defined the debate
about Cold War science along certain axes, numerous scholars have joined the discus-
sion, amplified it, and extended it in diverse ways. Chief among these has been the
extension of investigations beyond physics to show how numerous other fields—
agriculture, biomedicine, computer science, ecology, geology, meteorology, seismol-
ogy, oceanography—were affected at least as much as physics was by the Cold War’s
constraints and opportunities.’ Historians of the social sciences have also tracked how
Cold War geopolitical concerns stimulated new interest on the part of various patrons,
including the US federal government and private foundations, in new disciplines such
as “area studies,” communications, and cognitive science, as well as encouraging
extended work in conventional fields such as philosophy and psychology.?

Virtually all of the scholars who have looked at the question agree that during the
Cold War military largesse changed the scope and the capacity of science in many
domains. Virtually all scholars also agree that new institutions and new institutional
arrangements emerged, some of which played major roles in the shape and structure
of science and the conditions of the scientific workplace after World War 1I. However,
scholars disagree as to whether these changes were primarily constraints or primarily
opportunities, and many have simply skirted the question of to what degree Cold War
conditions changed the content or the character of the scientific knowledge that was
produced (or not produced).

But what is the purpose of studying the historical context of science and technol-
ogy if we don’t believe that it does—or at least may—shape their content? Every
historical account stands in implicit relief against a plausible counterfactual in which
matters could have turned out differently. It is this hovering counterfacticity that gives
history its emotional force. For if it were inevitable that things turned out as they did,
if history followed deterministic laws, as Marx and others once thought (or hoped),
then history could indeed be a science, but it would be far less emotionally and imagi-
natively fertile than it is.

This volume takes up, with vigor, the questions “What did scientists do in the Cold
War?” and “Why did they do those things and not other things?” A conference that
explored the topics discussed herein was held at the California Institute of Technology
on May 7-9, 2010, with the generous support of the Bacon Foundation, as part of the
biennial Francis Bacon Prize in the History and Philosophy of Science, awarded to
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Naomi Oreskes in 2009. One conference and one volume could hardly hope to settle
the questions we have raised, and we do not suppose in any way to have achieved
that here. Yet each of the chapters in this volume, in its own way, delves deeply into
what has been, and arguably should still be, a central focus of history of science as a
discipline: how the social context of scientific work affects its content. Each chapter
attempts to give some indications of how the Cold War context either enabled or
disabled certain kinds of investigations and intellectual achievements. Each chapter
addresses the question of whether the Cold War context was more constraint or more
opportunity. In this sense, the volume may be seen as a contribution not only to Cold
War history, but also to the long-standing interest in history of science in the role of
patronage, and of social context broadly construed.

With some notable exceptions, scholars who have studied scientific patronage
have rarely been willing to claim that that patronage caused scientists to work in
particular ways, much less to draw certain conclusions about the natural world.®> On
the other hand, the purpose of patronage, military or otherwise, is, in most cases,
to adjust the focus of attention and influence the direction of work. Patient-driven
patronage may shift biologists’ attention toward cures for particular diseases on
which their attention had not been focused previously. Artistic patronage may create
a demand for portraiture that might not otherwise be of much interest to artists.
And military patronage is intended to garner scientific attention to questions of
military pertinence and concern. The questions for historians—questions we take
up in this volume (in some cases explicitly and in others implicitly)—are the follow-
ing: In what specific manner did Cold War patronage affect the patterns and priori-
ties of scientific research? What consequences, if any, did those adjustments have?
How did these patterns vary in different national contexts? What role did national
ambitions play in fostering, enabling, or disabling certain lines of investigation?
What happened to scientists who tried to do things other than what their national
governments wanted them to do?

Our topics are how the Cold War shaped and altered the trajectories of science and
existing technologies, how it created new sciences and technologies, how it affected
the relationships between scientists and engineers and their patrons, and how scien-
tists and engineers managed, negotiated, and adjusted those relationships—with vary-
ing degrees of success—as they attempted to achieve their own goals in relation to
state patrons, fellow scientists (friendly or competitive), and personal aspirations. Sci-
ence and technology were different after the Cold War than they were before it; that
claim is indisputable. In this volume we are concerned with the historical understand-
ing of the character and dimensions of that change, and with the specific ways in
which Cold War politics, anxieties, and aspirations were or were not significantly
responsible for those changes.
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One theme that emerged clearly from the conference that produced these chapters
was that, whatever the particular science involved (whether related to weapons and
their delivery systems, agriculture, isotopes, the speed of light in a vacuum, or the
transmission of sound in the sea), and whatever the political system that science was
operating in (capitalist, communist, or hybrid), the knowledge produced bore some
significant relation to the goals of the nation-state (or nation-state equivalent, in the
case of the Soviet Union) that was helping to procure it. But the specific relations
varied significantly from nation to nation, just as the goals of nation-building varied.
In the United States and the Soviet Union, weapons—including their testing, hiding,
detection and delivery—were of paramount importance. In France and China, issues
of independence and self-reliance loomed large.* Although our volume is more US-
centric that we had originally hoped it would be, an important contribution is the
presentation of historical studies of Europe, the Soviet Union, and China, and their
close juxtaposition with stories from the to-date-better-studied United States. Thus,
the chapters are organized not by national origin, but by discipline, in order to facili-
tate cross-comparisons of Cold War approaches to knowledge in different national and
political contexts within the larger rubric of the Cold War.

We focus not only on what happened to science during the Cold War, but also on
what happened to science because of the Cold War. We address these topics in terms
of the structure of science, the research agendas, who was setting those agendas, and
how and why. We have consciously avoided discussing nuclear weapons and nuclear
medicine (already discussed thoroughly by others) and computer science (ably covered
by Paul Edwards and Janet Abbate, although there is still much to be done in the
domains of artificial intelligence, operations research, linear programming, and the
rise of numerical methods and simulation). There is more to be said, as well, about
Cold War considerations in biology and ecology. Indeed, if our arguments are correct,
almost any area of science could have been a topic for this volume; limitations of time
and space precluded comprehensiveness, lest we embark on an encyclopedia of Cold
War science.’

We admit to the historical presumption that the demands, desires, and expecta-
tions—either stated or implied—of both immediate patrons and society at large could
hardly not have affected the scientific and technological knowledge produced during
the Cold War, yet we recognize that the ways in which these effects played out
were diverse, culturally situated, and in no way predetermined or predictable. In
a sense we are arguing that, although it may be difficult to demonstrate specific
consequences, such consequences are to be expected, and it is the historian’s job to
determine what they are and how they unfolded in various particular and diverse
instances.

Our focus is not so much on how the Cold War affected individual scientists—that
territory is well trod, as we certainly know that Cold War anxieties caused leading
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scientists to become victims of anti-communist “witch hunts” in the United States
and murderous xenophobia in the Soviet Union.® Rather, our focus is on the contents
of scientific (and engineering) research activities. In some cases, such as that of Harold
Urey, we see active agency in an individual scientist: as Matthew Shindell notes, Urey
strove to build an ambitious research program outside the shadow of the atomic bomb,
but was ultimately unable to find a patron that could support the scale of his ambi-
tions outside of national-security concerns. Likewise, we see individual agency in
Benjamin Wilson and David Kaiser’s account of how Irwin Shapiro mobilized Cold
War resources to test the general theory of relativity, and in George Reisch’s consider-
ation of how Cold War politics led Thomas Kuhn to use the word ‘paradigm’ to
describe what he had previously called scientific dogma. But for the most part, these
are stories of groups of scientists, communities, and the institutions in which they
worked—institutions whose shape, character, and in some cases existence owed much
to the aspirations of their host nations to use knowledge to political, social, and eco-
nomic effect. Angela Creager shows us how scientists working in conventional aca-
demic settings made use of the opportunities the Cold War offered to expand
investigations using isotopes as a research and medical tool. Erik Conway and John
Krige focus on the development of new forms of institutional support and motivation
for certain kinds of scientific research in certain kinds of settings.

Questions of agency and causality raise the thorny issue of overdetermination.
Many things were happening in the world between 1945 and 1989, and we need to
consider whether the category “the Cold War” is apposite when considering science
outside the United States and the Soviet Union. For example, how did global geopoli-
tics interact with nationalism, development, and post-revolutionary politics in India
and in China? Sigrid Schmalzer and Zuoyue Wang invite us to reconsider the peri-
odization of the Cold War that many scholars of the United States and the Soviet
Union have taken for granted. Their chapters, and those of Asif Siddiqi and Sonja
Schmid, also invite us to consider more deeply our use of the categories “basic science”
and “applied science.”

Recurrent themes throughout this volume are tension and debate over what con-
stitutes “pure,” “basic,” or “fundamental” science, how to characterize the relation of
such science to “applied” science, technology, and practical knowledge, and the politi-
cal and epistemic valence that these categories carried in different cultural and national
settings. These topics are highly familiar to historians of US science: the pure/applied
distinction and the place of “basic” research in American science is one of the standard
tropes of the field. However, the histories told in this volume also illustrate how efforts
to patrol the boundaries of both pure and applied science are also arguments about
which forms of knowledge are most important, valuable, and necessary to the nation.
In the past, historians of science often accepted scientists’ assertions that basic science
was, well, basic—that is to say, foundational—and therefore a necessary precursor to
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“useful” or “applied” knowledge. In China and the Soviet Union during the Cold
War—and even sometimes in the United States—that assertion wasn’t broadly accepted,
much less supported by developments on the ground. The chapters in this volume
show that the category “basic science” itself has been contested and disputed—that
basic science wasn’t necessarily considered obviously more valuable and important
than applied science, and wasn’t necessarily viewed as a precursor to the work of
nation-building through practical knowledge and technologies.

Questions about categories—how historical actors used them as tools of both cogni-
tion and persuasion, and how we use them as tools of analysis—invite self-scrutiny
into both the Cold War origins of our own concern with the role of scientific and
technical knowledge in national goals and its effect on our categories of analysis (a
topic ably taken up by Elena Aronova and by George Reisch). The Cold War clearly
speaks to us today in part because the question of the autonomy and uses of science
(and indeed, of all forms of knowledge) remains sharp for us, as both an epistemic
question and a social one. As John Krige notes at the end of this volume, Paul Forman
and Dan Kevles’ famous historical interventions were not merely interpretive; they
were also normative, as they reflected Forman’s and Kevles’ own views on the value
and necessity of autonomous science (or not). They addressed the question of the
necessity and desirability of a scientific community functioning largely independently
of the larger world that surrounds and sustains it (or not).

As historians, we might argue that the very idea of an independent scientific com-
munity is at best quaint, and surely one that no Marxist would have accepted during
the Cold War. Yet the fact that so many scientists in the United States insisted that
they were independent—that they did “basic science” even while being wholly or
nearly entirely funded by the US military—and the fact that until recently many his-
torians (again, at least in the United States) accepted this argument suggest, at mini-
mum, that autonomy was an important value to these scientists, one they felt obligated
to insist they had protected and not lost or even compromised. In China, however, a
different cultural setting led scientists to insist on the reverse: the practical value of
their work, and its close connection to the needs of the state and the people the state
ostensibly represented. Autonomy as Americans understood it would have been deeply
problematic for Chinese scientists.

Dan Kevles was surely right when he argued that American scientists weren’t pawns
in the Cold War but were active partners who made conscious decisions and helped
to shape and inspire the expectations of their patrons and communities. At least this
was true of the entrepreneurial leaders of US physics, and Sonja Schmid’s and Asif
Siddiqi’s studies of rocketry and nuclear energy in the Soviet Union make clear that
this was as true in the Soviet Union as it was in the United States. Sigrid Schmalzer’s
and Zuoyue Wang’s studies of science in China support a similar claim. But decisions
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are made in context, so we might also frame our question this way: If science is what
scientists do, then what did scientists decide to do in the Cold War, and how were
those decisions shaped by the exigencies and opportunities of the period? Clearly,
the availability of funds, instruments, research platforms, personnel, and moral and
logistical support, along with personal commitments and cultural context, made
some decisions more attractive than others. They also made some choices effectively
impossible.

Choice is a useful category, but only up to a point. What roles did patronage,
patriotism, national ambitions, and Cold War geopolitics play in shaping scientists’
beliefs about the direction their science could or should take and in defining the
spheres of possibility? Finally, and perhaps most important, how did scientists’ choices,
decisions, and resistance affect what we learned—or failed to learn—about the natural
world?
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1 Science in the Origins of the Cold War

Naomi Oreskes

In Military and Political Consequences of Atomic Energy, first published in the United
Kingdom in 1948 (and in the United States a year later under the catchier title Fear,
War and the Bomb), the physicist P. M. S. Blackett declared that the dropping of the
atomic bombs on Japan was “not so much the last military act of the Second World
War as the first major operation of the cold diplomatic war with Russia now in prog-
ress.”! Blackett was one of many, then and now, who have tried to assess the role of
the atomic bomb—and therefore, implicitly, of science—in ending World War II and
launching the Cold War, as well as the significance of the Cold War in altering the
course of science.?

At the end of World War II, many scientists emphasized the bomb’s significance—
perhaps because the greater the bomb’s role, the greater their role. If the bomb were
crucial either in ending World War II or in beginning the Cold War, then science and
scientists were crucial too, and perhaps had a further role to play in helping to control
it. Niels Bohr argued that the unprecedented power of nuclear weapons necessitated
new forms of international governance.? George Orwell agreed that nuclear weaponry
heralded the dawn of a new age—and not a good one. In the essay in which he coined
the term “Cold War,” Orwell argued that the atomic bomb was so terrifying that it
would put an end to conventional warfare, but that, counterintuitively, this was not
good, because the bomb would put in its stead a hideous peace as “horribly stable as
the slave empires of antiquity.” The world would find itself in a permanent state of
“cold war,” and the West would be unable to act decisively when conditions called
for it.* Blackett (and others) didn’t believe that the atomic bomb would make other
forms of weaponry obsolete, much less end conventional warfare; they noted dryly
that US generals had shown no sign of giving up their conventional forces. The atomic
bomb, Blackett suggested, was in some sense an extension of the World War II policy
of massive bombardment of civilians, and just as unethical. After all, how was destroy-
ing a Japanese city with one bomb much different from destroying a German city
with many bombs (an argument that the bomb’s defenders would later use, although
to opposite effect than Blackett intended)?® Blackett noted that a “huge weight of
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ordinary bombs” had been dropped on Germany “without leading to a decisive failure
of either production or civilian morale,” suggesting that, as awesome and frightening
as atomic weaponry was, it had not been decisive in World War II and it wasn’t likely
to prove decisive in future wars either:

Three million tons of ordinary bombs were dropped by British and American aircraft in the
European and Pacific Wars. Since one atomic bomb of the 1945 type produces ... about the same
material destruction as 2,000 tons of ordinary bombs, it is certain that a very large number of
atomic bombs would be needed to defeat a great nation by bombing alone.°

Nuclear weapons were powerful, to be sure, but it was a mistake to overestimate
their significance, because that might lead to hysteria, which in turn would make
it harder to negotiate with the Soviet Union to find a route to a lasting, stable peace.
(It would also make it more difficult to develop civilian nuclear power generation.”)
Overestimation of the bomb’s power was leading to “a hysterical search for 100 per
cent security,” a security that could never be achieved.® It was generating pressure for
a huge buildup of weaponry. (Blackett cited the logic of the “Irishman” who “on see-
ing a stove advertised to save half one’s fuel, he bought two to save it all!”®) Worst of
all, hysteria about the power of the bomb in the hands of enemies led to the hideous
suggestion that a pre-emptive strike might be justified—a suggestion that would
indeed be made at various points during the Cold War and afterward.™

In hindsight we can see that both Blackett and Orwell were partly right. The world
did plunge into a Cold War—a deep freeze of animosity between the United States
and the Soviet Union that chilled much of the rest of the world as well—and Orwell’s
term took hold to describe it.!! The Cold War had a range of negative consequences,
though perhaps not as dark or as monolithically negative as Orwell feared.!? And sci-
ence was central to the Cold War, because it had been scientists who had perceived
the possibility of nuclear weapons, scientists who had built them, and scientists who
continued to develop the means of testing, hiding, detecting, and delivering them.?
Blackett, for his part, was correct that the Cold War climate included a significant
component of hysteria, leading both sides to demonize the other, and to insist on the
necessity of stockpiling tens of thousands weapons that neither side ever used or
wanted to use. Nor did these expenditures prevent either side from spending compa-
rable resources on conventional weapons. On neither side were generals prepared to
give up their conventional forces—even after the development of the hydrogen bomb,
which was thousands of times as powerful as the bombs dropped on Hiroshima and
Nagasaki. The premise that nuclear weaponry would be more economical than con-
ventional forces also proved false, as both sides built both massive nuclear forces—tens
of thousands of nuclear weapons, thousands of bombers, hundreds of ICBMs (and still
more intermediate-range ballistic missiles), and scores of nuclear submarines—and
massive conventional forces of troops, tanks, battleships, and aircraft carriers.!* As
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President Dwight Eisenhower put it in his farewell address, both sides were compelled
to “create a permanent armaments industry of vast proportions.”’ This industry cast
a long shadow, as citizens of not only the United States and the Soviet Union but the
rest of the world as well lived under the threat of Mutual Assured Destruction. Indeed,
at the start of his presidency, Eisenhower went further, describing life during the Cold
War as “not a way of life at all in any true sense.” “Under the cloud of threatening
war,” he continued, “it is humanity hanging from a cross of iron.”'¢

In 1997, the historian Walter LaFeber looked back and summarized the American
Cold War experience this way: “It has cost Americans $8 trillion in defense expendi-
tures, taken the lives of nearly 100,000 of their young men and women, ruined the
careers of many others during the McCarthyite witch hunts, [and] led the nation into
the horrors of Southeast Asian conflicts. ... It has not been the most satisfying chapter
in American diplomatic history.”’” No doubt one could say something similar from
the Soviet perspective. There were costs to other nations as well, as they felt compelled
to establish their own nuclear weapons programs, participated (both knowingly and
inadvertently) in the nuclear tests of other nations, or became sites of nuclear weapons
facilities and thus potential targets in a war.®

What did science have to do with all this? The atomic bomb could not, of course,
have been built without scientific insight and technical prowess—the discovery of
nuclear fission, the detailed determinations of the requirements for critical mass, and
the extensive work on materials, electronics, and conventional explosives that made
the atomic bomb possible, and so scientists and historians of science have placed great
emphasis on the role of the atomic bomb in creating the Cold War world.* The bomb,
it seemed obvious at the time, at least to the scientists who had helped to build it,
had transformed the world. As Martin Sherwin argued in a book that has gone through
multiple editions and has been repeatedly described as “definitive,” the bomb destroyed
the old world—a world where war was generally fought between near neighbors—and
replaced it with a new world of global conflict.* In the old world, wars were fought
by uniformed soldiers, primarily on battlefields; in the new world, warfare would
spread everywhere—on the land, in space, and beneath the sea. Civilians in cities
would be the primary targets: the threat of megaton nuclear weapons meant that no
one was safe. As Nevil Shute made indelibly clear in his novel On The Beach, even
those who survived nuclear blasts in remote locations would be victims of fallout. And
scientists, it seemed, were largely to blame, for they had started the whole thing.?! But
had they really? As Michael Gordin has noted, the Cold War was as much about
knowledge about knowledge—who had it and who didn’t—as it was about the knowledge
itself.?? And as Odd Arne Westad has emphasized, the global Cold War was as much
about politics and ideology as it was about advanced weapons and their delivery
systems.?® While historians of science and technology have emphasized the role of
scientific and technical knowledge—the role of the bomb in triggering the Cold War
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and the arms race in sustaining it—political historians have tended to see the matter
somewhat differently.

The Political Origins of the Cold War

In his classic work The United States and the Origins of the Cold War, 1941-1947, John
Lewis Gaddis found the political origins of the Cold War not so much in the use of
the bomb at the end of the war as in irreconcilable differences between two opposed
political and economic systems.?* His periodization immediately tells us that the bomb
is, at most, one piece of a larger story.

The driving force behind President Franklin Roosevelt’s approach to World War I,
Gaddis argues, was a desire to end it correctly by paying attention to the political and
economic dimensions of a lasting peace. One lesson of World War I was that the
nations that had started the war should be defeated and disarmed completely. Ambi-
guity had permitted German leaders to tell their people that they had not really been
defeated in World War I but had been betrayed by their leadership, and that victory
in a second round of fighting was plausible. A second lesson was that it was necessary
to avoid the political and economic conditions that had led to totalitarianism in
Germany, which in turn entailed a need for self-determination among the peoples of
defeated nations, an imperative to prevent future economic depressions, and a need
for some form of international governance. “American failure to join the League of
Nations,” Gaddis wrote, “had also contributed to the collapse of international order;
therefore a third prerequisite for peace would be membership in a new collective
security organization.”? To achieve these goals, it would be necessary to maintain
decent relations among the United States, the United Kingdom, and the Soviet Union
once World War II was over.

According to Gaddis, “Roosevelt and his advisers clearly realized that their vision
of the future would not materialize unless the members of the Grand Alliance, united
now only by their common enemies, built relationships that could survive victory.”?¢
One might argue that the bomb poisoned the possibilities for enduring friendly
relations, but one might equally argue that President Harry Truman used the bomb
because he and his advisors had concluded that such prospects had already
vanished.?”

Ghosts of Depression Past and Future

Walter LaFeber defined the Cold War period as 1945-1996, but, like Gaddis, he looked
back from 1945 to find its origins. The World War II alliance of the United States and
the Soviet Union was a “shotgun marriage” preceded by a long history of conflict
and animosity, much of it centered on trade. Late in the nineteenth century, LaFeber
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noted, Russia and the United States had “confronted each other on the plains of North
China and Manchuria.”?® As the American economy expanded dramatically, Ameri-
cans looked to Asia “as the great potential market for their magnificently productive
farms and factories.” Russians, however, after “annexing land in Asia,” “tried to con-
trol it tightly by closing markets to foreign business people with whom they could
not compete.”? This control of competition, along with a distaste for Czarist repres-
sion sustained by horror stories carried to the United States by immigrants, had pro-
duced deep animosity in the United States toward Russia well before the 1917 revolution
or the 1924 rise to power of Joseph Stalin. Russians, for their part, were not pleased by
President Woodrow Wilson'’s refusal to open diplomatic relations after World War 1,
by his sending US troops in an attempt to overthrow Lenin, or by the creation in 1919
of the buffer states of Poland, Romania, Czechoslovakia, and Yugoslavia.*

The belief that the prosperity of the United States required an “open door” to Asia
was reinforced by the Great Depression. As World War II came to a close, political
leaders were mindful that the global economy had been had been pulled out of depres-
sion at least as much by the war as by the New Deal, and the urgency of international
trade as a means to avoid a slide back into depression weighed heavily on allied minds.
LaFeber saw trade as the central point of contention between the United States and
the Soviet Union as World War II drew close. The US and its European allies, haunted
by what LaFeber called “the Ghosts of Depression Past and Depression Future,” were
determined to keep global markets open. Secretary of State Dean Acheson put it this
way: “We cannot expect domestic prosperity under our system without a constantly
expanding trade with other nations.”3! Western leaders feared that without open
markets the West would not only slide back into depression but would also slide into
totalitarianism. Vice President Henry Wallace put it this way: “In the event of long
continued unemployment, the only question will be as to whether the Prussian or
Marxian doctrine will take us over first.”

The idea that capitalism needed to expand indefinitely in search of markets was a
central belief of Trotskyites and a major reason for the Soviet fear of “capitalist encircle-
ment.” Moreover, the specter of capitalist expansion ran headlong into the Soviet
desideratum of a buffer zone of friendly socialist states in Eastern Europe. Russia had
a long history of invasion by unfriendly neighbors, and had suffered devastating losses
in World War II: more than 20 million fatalities, and more than 25 million left home-
less.?? Ideological clashes with the West aside, it was no surprise that the Russians were
deeply concerned to end the war with safe and secure borders. LaFeber thus agrees
with Gaddis that conflict was inevitable: “Roosevelt faced a choice: he could either
fight for an open postwar world (at least to the Russian border) or agree with his ally’s
demands in Eastern Europe.”** If he chose the first, Russian-American relations would
collapse; if he chose the second, the world economy might collapse.
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Roosevelt died before he had to make that choice, but his successor, Truman,
decisively chose the first option. The atomic bomb figured heavily in his calculations,
as Truman believed it had strengthened his hand and might enable him to wrest
concessions from the Soviets. We know now that he misjudged. Stalin wasn’t impressed
by Truman’s suggestion at Potsdam that the United States was in the possession of a
uniquely destructive weapon; thanks to spying, he already knew it.3* Short of actually
using the bomb against the Soviets, it wasn’t clear what advantage the bomb gave the
United States, and Truman and his advisers “never figured out how to use the bomb
to obtain concessions they wanted from the Soviets.”* Meanwhile, the Soviets acceler-
ated their own work on nuclear weapons. Whatever effect the bomb did or didn’t have
on the conclusion of World War II, its use clearly marked the beginning of what would
become a long and costly arms race. It also dramatically altered relations between
science and the modern nation-state—between nation and knowledge—in both the
United States and the Soviet Union. And it changed what it meant to be a scientist
in the new, security-driven nation-state.*

Nation and Knowledge

As the Cold War deepened, science and scientists were enlisted to support it in a variety
of ways.* It is well documented that the Cold War provided the justification for mas-
sive increases in the US government’s support, through existing and newly created
federal agencies and through direct grants to researchers at colleges and universities
across the country, for both basic and applied scientific research—some of it to be
done at the newly established national laboratories.*

National security provided the justification for this huge increase in federal support
for scientific research. The Office of Naval Research, created in 1946 from diverse
wartime programs, explicitly authorized the Navy to plan, foster, and encourage “sci-
entific research in recognition of its paramount importance [in] the preservation of
national security.” When the National Science Foundation was created four years later,
in part on the ONR model of funding investigator-initiated projects, it was charged
with fostering science to “to advance the national health, prosperity and welfare,” but
also “ to secure the national defense.” Science was also funded by new federal agen-
cies, including the Atomic Energy Commission, the Advanced Research Projects
Agency, and the expanded National Institutes of Health, whose extended research
mandate included radiation sickness and nuclear medicine.*

All this makes it abundantly clear, that, whatever the role of science in the Cold
War, the Cold War drove substantial changes in the scale and funding structure of
American science. Yet, if the issue of the effect of science on the Cold War has long
been argued, the reverse question (How did the Cold War affect science?) did not
receive sustained academic scrutiny until relatively recently.
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The Cold War’s Effect on Science: Moving Past Miasma

Historians have long been interested in how cultural and political context affects the
growth, development, and content of science. However, much of our work has suffered
from what one might call a “miasma problem”: it is easy to describe the culture sur-
rounding a given science, much harder to demonstrate its causal effects. (No doubt
there were miasmas in the nineteenth century, but that didn’t prove that they caused
the diseases that occurred in their midst.) One reason for this is the innate complexity
of human experience: we rightly shy away from simplistic determinative accounts of
complex historical developments. We recognize that the course of human events is
long and winding. At the same time, we emphasize the necessity of placing the produc-
tion of scientific knowledge in its full social, cultural, political, and even economic
context, tending to be critical—sometimes harshly so—of histories that fail to do so.
Our sociological colleagues go further, insisting that scientific knowledge and society
are co-produced.® But if context is important, and certainly if knowledge is co-
produced, then it behooves us not to simply use context as a kind of “background”—
like the lakes and trees in Renaissance portraits—or even as a frame that highlights
only some aspects of our picture, but rather to attempt to explain the particular ways it
was important in any given situation. Put another way, what is the point of placing
knowledge into its full historical context if that context doesn’t help to explain how
and why particular lines of inquiry were pursued, and other lines of inquiry were aban-
doned or left unpursued?*! Our quarry is the development of scientific (and technical)
knowledge, but is it even possible to demonstrate that a particular cultural setting
played a determinative role in the content of knowledge produced in that setting?

At least one historian has tried. In 1971, Paul Forman put forward the controversial
suggestion that the development of quantum mechanics—and specifically the asser-
tion of acausality in quantum mechanics—was a direct result of the devastating defeat
of Germany in World War I. In anger, frustration, and confusion about the inexplicable
outcome, German intellectuals turned against determinism, rationality, and causality.
Scientists, as intellectuals, weren’t immune from this reaction, Forman argued, and
they too began to doubt conventional rationality and to consider others forms of
explanation. The Forman thesis—as it came to be known—was that this state of affairs
led scientists “ardently to hope for, actively search for, and willingly embrace an acau-
sal quantum mechanics.”#> Although there were, to be sure, peculiar quantum physical
phenomena that required explanation, and which could be explained acausally (he
wasn’t suggesting that quantum mechanics was untrue), Forman proposed that scien-
tists began to seek out accounts that were compatible with their cultural milieu, and
they found it in acausality:

In the years after the end of the first world war, but before the development of an acausal
quantum mechanics, under the influence of “currents of thought,” large numbers of German
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physicists, for reasons only incidentally related to developments in their own discipline, dis-
tanced themselves from, or explicitly repudiated, causality in physics.*

As cultural conditions made the world seem increasingly inexplicable, physical
phenomena were increasing viewed as inexplicable too. And as conventional notions
of cause and effect lost their persuasive power in politics, they also began to lose their
persuasive power in other domains—even in a domain that a previous generation of
historians might have thought was immune to such considerations (and that many
if not most scientists still think is impervious.) Previously, an explanation in physics
was, by definition, causal; now, at least in the domain of quantum mechanics, it was
acausal.

It was a striking reversal, and not all scientists found it congenial (Albert Einstein
didn’t), but Forman argues that many scientists embraced quantum mechanics not
only happily but with a sense of relief. Speaking of the new theories in quantum
mechanics, the mathematician Hermann Weyl, one of the founders of gauge theory
and one of the first to apply group theory to quantum mechanics, wrote of the free-
dom to be found in quantum mechanics:

[T]he rigid pressure of natural causality relaxes, and there remains, without prejudice to the
validity of the natural laws, room for autonomous decisions, causally absolutely independent of
one another. ... The “decisions” are what is actually real in the world.*

Acausality was a startling break from historic tradition in physics, whose purpose,
some might argue, was to give causal accounts of natural phenomena. Forman'’s argument
that such a striking change—such an abandonment of historic goals and aspiration—
requires explanation is not in that sense particularly radical: historians of science
routinely accept that changes in intellectual commitments require accounts. What
was radical at the time was that Forman found that account not in the improved
appraisal of the phenomena of nature but in the cultural adaptation “of knowledge
to the intellectual environment.”*

The Forman thesis, which seemed to suggest that German scientists had capitulated
to irrationality, offended most physicists and many historians. Yet it was and remains
highly influential—a Google search of “Forman thesis” turns up 402,000 hits. It raised
the question of why we bother to pay attention to the cultural context of science
unless we believe that context has affected the content of science in a significant way.*®
Returning to our particular topic, we might therefore ask: Is it possible to distinguish
what happened to science during the Cold War from what happened to it because of
the Cold War?

In 1987, Forman took up the challenge again, this time addressing Cold War
physics. His quarry was not so much any specific physical theory as the nature and
character of physics as a discipline. Forman now suggested that US military funding
had dramatically altered the nature of physics, causing its practitioners to shift from
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seeking a fundamental understanding of the laws of nature toward gadgeteering preoc-
cupied with technical prowess.*” Forman’s starting point was something that scientists
themselves had said and many historians had accepted as self-evident: “World War II
was in many ways a watershed for American science and scientists. It changed the
nature of what it means to do science and radically altered the relationship between
science and government ... the military ... and industry.”*

While scientists and historians accepted that World War II was a watershed,
restructuring the relationship between science and government, they largely inter-
preted that change in quantitative and normative but not epistemic terms. It was
obvious that the federal support for science had increased dramatically, and it
was generally assumed that this was a good thing. Scientists needed money for sci-
ence, so most scientists found it hard to see more money as problematic.* Historians
of science in the 1960s and the 1970s generally admired and approved of science,
so they tended to accept that appraisal. Left largely unanswered—indeed, largely
unasked—was the question of how government patronage affected the content of
scientific research and the character of the knowledge produced. For although it
was widely supposed that the federal government was increasing its support for
scientific research because of its value for national security, it was frequently (and
paradoxically) asserted that federal support allowed scientists to pursue whatever
their curiosity dictated.>

This paradox was scarcely noticed, much less examined. But if the federal govern-
ment supported science because of its value for national security, wouldn't it stand to
reason that it would privilege particular sciences (physics, electronics, computer sci-
ence) that were obviously pertinent. Wouldn't it tend to neglect less pertinent sciences
(ichthyology, botany)? And wouldn’t it make sense that within individual sciences,
such as physics, government patrons would tend to want to focus financial, logistical,
and moral support into lines of inquiry deemed likely to produce valuable results? (“If
oratorios could kill,” the biochemist Erwin Chargaff quipped in 1978, “the Pentagon
would long ago have supported musical research.”s!) Indeed, wouldn’t it be a derelic-
tion of duty if these agencies supported science without regard to national needs and
priorities?*?

Forman cited statistics on physics research in the United States at the height of the
Cold War. From the end of World War II through the late 1950s, about 95-98 percent
of the federal support for physics research came from either the Department of Defense
or the Atomic Energy Commission. “The only significant support for academic physi-
cal research in the US were the Department of Defense and an Atomic Energy Com-
mission whose mission was de facto predominantly military,”*® Forman asserted. The
growth of the National Science Foundation in the late 1950s and the 1960s changed
the situation only modestly: the component of research support from the DOD and
AEC dropped to around 90 percent.>* “Thus, in the fifteen years following the war,”
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Forman concluded, “the central fact of scientific life in physics was unprecedented
growth based upon military funding.”*

“What direction of the advance of science, and thus what kinds of science, result
from military sponsorship?,” Forman asked.*® If he who pays the piper doesn’t call the
tune, then what is he paying for? If it was “a bit too crass” to assume the golden rule
(that those with the gold rule), it was equally implausible that this huge transforma-
tion in the quantity and source of support for physics didn’t alter the nature and the
character of the physics done.

What kind of science did result? For Forman, the short answer was solid-state phys-
ics and quantum electronics, which expanded even more rapidly and more extensively
than other areas of physics. Forman also suggested several mechanisms by which work
in solid-state physics and quantum electronics was fostered. Most obviously, program
managers in the Office of Naval Research, the Air Force Office of Scientific Research,
and other agencies made choices about what projects would be funded and what
projects would not. Less obviously, they encouraged and stimulated scientists to con-
sider working in areas of military interest, in part through site visits to colleges and
universities, in part by organizing workshops and conferences on particular themes,
and in part through ongoing informal discussions. Scientists supported by those agen-
cies were bound to consider what kinds of work and results would be likely to get
continued support. “Whatever such program officers did beyond providing funds,”
Forman wrote, “must be reckoned as direction of research. The funding levels of their
programs and the contentment of their table of researchers depended upon reconcili-
ation of the interests of their military and their scientific constituencies, a recon-
ciliation effected chiefly by envisaging and promoting military applications in and
through basic scientific research. For the researcher himself, ‘the mere need to defend
what he is doing to a particular sponsor may be the factor which will trigger an impor-
tant application.’”s”

A scientist who valued the funding that he or she (although during the Cold War
mostly he) was receiving would be sensitive to nuances of interest and applicability.
Beyond the defensive motivation of accountability to patrons and the desire to be
invited back to the table, there was also the positive motivation of the gratification
that comes with knowing that one’s work is valued and perhaps put to use.’® Paul
Edwards has used the term “mutual orientation” to describe the interactions and
feedbacks by which scientists and military patrons found common ground. Describing
Jay Forrester’s work in Project Whirlwind, Edwards concludes that “the source of fund-
ing, the political climate, and their personal experiences oriented Forrester’s group
toward military applications, while the group’s research eventually oriented the mili-
tary toward new concepts of command and control.”s* Part of the job of the agencies
was to stimulate scientists to work in areas of basic research that might prove useful
to the military, if not immediately then perhaps in the long run; part of the work of
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scientific researchers was to find ways to connect their abilities to the needs and
interests of their patrons. Harvey Brooks referred to this as “imaginative stimulation”;
I have called it a “context of motivation.”*

If work proved irrelevant to an agency’s mission, program officers had the option
of cutting it off, but the available evidence suggests that they seldom felt a need to
do so. Some would take this as proof that the scientists were free to do what they
wanted, but a more plausible explanation is that intelligent scientists would have been
unlikely to propose lines of inquiry that were doomed to be rejected, and there were
enough interactions between scientists and funders that any idea that didn’t resonate
would be unlikely to be developed sufficiently to reach the stage of overt rejection.

For Forman, the net result was a science that was “effectively rotated ... towards
techniques and applications.” The construction of masers and atomic clocks and the
improvement of microwave technologies and electronics constituted advances, to be
sure, but in tools more than in conceptual understanding—one might even say in
technology rather than in science, although Forman himself resists that characteriza-
tion. The physics of the Cold War was an “instrumentalist physics of virtuoso manipu-
lations and tours de force ... just such a physics as the military funding agencies would
have wished.”®2 This, then, is why Forman concluded that physicists “had lost control
of their discipline.” It was because the physics that physicists ended up with—the
physics that they now found themselves doing—was focused in areas that had not previ-
ously been viewed as priorities by physicists, but were priorities for their military patrons.s®
Something had changed the priorities of physics and physicists, and that something,
Forman argued, was the Cold War.

Again Forman'’s views proved controversial; the historian Dan Kevles, in particular,
contested his claims.®* Kevles agreed with Forman that physics had proved decisive in
World War II; that American technological superiority in that war had been achieved
primarily by civilian scientists working under the auspices of the federal government
through the Office of Scientific Research and Development; that after the war there
was broad agreement among leading scientists, politicians, and military officers that
it would be important to maintain and foster the scientific-military alliance that had
proved so valuable to the Allied victory; and that all this provided justification for a
massive expansion of American physics and increase in federal financial support for
physical science research. Above all, he agreed that there had been a “transformation
of the relationship between science, especially civilian science, and the American state
after World War I1.76°

What was at issue was the character of that transformation. Kevles strongly con-
tested the suggestion that the federal government hadn’t supported basic research.
Indeed, he took it as a lesson learned during World War II that abstruse knowledge
in pure science could prove important in unexpected ways, and that this provided
a substantial part of the federal government’s motivation to sustain basic science
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in the years to come. Kevles also took it as accepted by the historical actors that
science and technological development were not either/or propositions, and that
agencies and military patrons understood that advances in technology required
advances in the underlying science that supported them. “Postwar national security
required energetic federal programs of both pure and defense-related research,” Kev-
les argued, suggesting that both were energetically supported. Finally, it was clear,
although Kevles made this point only in passing, that the demand for large numbers
of trained scientists and engineers was a major driving force for support of universi-
ties, where basic science continued to flourish.®® “The government sponsored major
programs of research in practical areas such as nuclear weapons and impractical ones
such as high energy physics,” and the net result was “a vital and balanced scientific
enterprise.”®’

Although Kevles found large areas of agreement with Forman, he contested the
claim that physicists had lost control of their intellectual agenda, had been “seduced”
by the largesse of federal funding, or had fallen prey to the “self-delusion that they
were engaged in basic research of intrinsic interest while in reality they were merely
doing the military’s bidding.” The United States had always been a “practically ori-
ented culture,” Kevles noted, in which “the technological sciences had always tended
to command more attention than the pure sciences,” so it was hardly surprising that
this remained the case as physics expanded under governmental largesse.®® (Kevles
didn't say, but it logically followed from his argument, that if physics changed between
1930 and the 1960s, one reason may have been that it changed from being dominantly
a European activity to dominantly a North American one.)

Kevles emphasized that scientists served on many leading advisory boards and
committees, including the crucial Science Advisory Committee created by President
Truman and greatly strengthened by President Eisenhower. Some of them, by virtue
of their positions on these boards and committees, were close to power and involved
in decisions about the future and the direction of American science. Most of them
were committed to the alliance of science and technology with the mission of national
security and proactively advanced that agenda; they weren’t pawns of the admirals
and generals. The same was true of many rank-and-file scientists:

[Flor many of those physicists, national security was not a mere distraction. It was the life blood
of their profession. ... One is hard pressed to imagine the great accelerator laboratories in the
United States having come to exist and to flourish in the absence of the deep concern for national
security that came to pervade the United States after World War II. Also, many physicists found
abundant opportunities to do interesting physics by involving themselves in militarily-supported
research of technological pertinence.®

In any case, Kevles concluded, it is counterfactual to argue on the basis of what
scientists might have done in a different world. There is no essential definition of
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what constitutes physics. “Physics is what physicists do—or have done,” Kevles con-
cluded, not illogically but perhaps tautologically.

With the benefit of distance, it seems clear that Forman and Kevles agreed that
the orientation of American physics during the Cold War became aligned with the
national-security agenda. The agreed that during the Cold War knowledge was linked
to the geopolitical ambitions of the American nation-state to an extent and a degree
that it had not been before. Kevles allowed that physics was “restructured, its efforts
diversified into intellectually promising areas made hot by the needs of national secu-
rity.”’ Forman held that there was a “radical change in attitude toward science, toward
national security, and toward the relationship between them on the part of both the
military and the civilian leadership of the United States.””! These claims seem entirely
compatible.

Where Forman and Kevles disagreed was in the normative domain: They diverged
on whether physicists were responsible for that alignment or victims of it, whether
that alignment was a good thing, and whether scientists’ self-image and self-appraisal
was realistic or wishful. Kevles affirmatively characterized the re-organization of phys-
ics during the Cold War as a diversification that produced a “vital and balanced”
scientific enterprise, which scientists themselves were largely responsible for directing.
Forman concluded, less happily, that the ship was bigger, but narrower and tilted, and
physicists were no longer steering it. Kevles saw the integration of physics into a
national-security system as providing expanded opportunities for physicists to do
physics; Forman agreed that physics was integrated, but saw that integration as a
constriction and adjustment that altered the meaning of the word ‘physics’ in an
unfortunate way. And perhaps the point on which they disagreed most strongly
was scientists’ self-perception of epistemic autonomy. Kevles believed that scientists
were able to use their positions close to the center of executive power both to influ-
ence defense policy and “to represent the interests of the civilian-defense-science-
enterprise.” Forman believed that the “civilian-defense-science” was precisely what
they represented, even while insisting, falsely, that they were representing unbounded
“science.”

Today few historians would consider the notion of unbounded science to be very
useful; science, most of us would argue, is bounded, supported, sustained, and con-
strained by all the same social forces that bound, support, sustain, and constrain other
human activities. Yet such a broad generalization only takes us so far, because we want
to know how changes in human society change the activity we call science and the
knowledge and insights that activity yields. We are also interested in how changes in
scientific concepts and understandings change society. Whether or not scientific and
technical knowledge was substantially responsible—through the agency of nuclear
weaponry—for starting the Cold War, there is little doubt that science and technology
enabled the arms race that became and sustained its center. Conversely, there is little
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doubt that science as we know it today was created in the Cold War, and that the
Cold War expansion of science and technology continues to ramify through contem-
porary life.
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2 Atomic Tracings: Radioisotopes in Biology and Medicine

Angela N. H. Creager

There are three aspects to the use of atomic energy. Of these, the military aspect is familiar and
has been discussed several times in these pages. ... The use of radioactive isotopes both directly
and for research may well be the most important application of atomic energy in the long run.
However, this second aspect of atomic energy does not involve large expenditures of funds or
great concentration of technological effort. It will be felt in a multiplicity of small activities no
one of which is very important in domestic or international politics. Distribution of radioactive
isotopes and knowledge about them should and can play an important role in our atoms for
peace program but it is only a part and the least controversial part of that program.!

Henry DeWolf Smyth, 1956

In June of 1946, the Manhattan Project announced that radioisotopes would soon be
available for purchase to qualified civilian institutions, thanks to the government’s
decision to dedicate a reactor built for the bomb project in Oak Ridge, Tennessee for
this purpose: “Production of tracer and therapeutic radioisotopes has been heralded
as one of the great peacetime contributions of the uranium chain-reacting pile. This
use of the pile will unquestionably be rich in scientific, medical, and technological
applications.”? That August, after President Truman signed the Atomic Energy Act, the
Manhattan Engineer District began distributing radioisotopes. During the next ten
years, the US Atomic Energy Commission (AEC), which inherited this operation upon
its official establishment on January 1, 1947, sent out nearly 64,000 shipments of
radioactive materials to more than 2,600 laboratories, clinics, and companies.?

In countless press releases and reports during the early postwar years, the AEC
presented radioisotopes as civilian dividends of the military development of atomic
energy.* To borrow a metaphor from Nicolas Rasmussen, this was the silver lining of
the mushroom cloud: by supplying radioisotopes, the US government conveyed the
message that atoms could be beneficial as well as harmful.®* Though the quantity of
radioactive materials associated with this program was minuscule in comparison with
the amount of plutonium being produced for atomic weaponry (not to mention the
amount of radioactive waste being generated), radioisotopes represented the AEC's
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civilian orientation. To put it more bluntly, the radioisotope program helped justify
the fact that the production of nuclear weapons had been entrusted to a civilian
agency in the first place.® In any event, the AEC had little else to hold out as evidence
of the atom’s peaceful benefits, since hopes for rapid development of a domestic
nuclear power industry (with energy “too cheap to meter”) soon faded.”

The US government’s involvement in radioisotope supply intersected with popular
hopes that atomic energy, having provided a decisive weapon in World War II, could
be directed against cancer.® Scholars have already explored this aspect of the AEC’s
program, particularly its replacement of older radium sources for cancer therapy in
hospitals with cobalt bombs, metaphorically echoing the Cold War.® However, this
chapter will focus on a distinct—and arguably more pervasive—consequence of the
AEC’s distribution of radioisotopes to researchers in the life sciences and in medicine:
the accelerating use of radioisotopes as tracers. These researchers used isotopic variants
of common elements to tag compounds so as to follow their chemical transformations
through biological processes within a cell, an organism, or an ecosystem. Scientists
using tracers often represented changes over time—through biosynthesis or degrada-
tion of molecules, or the movement of elements through bodies or landscapes—as
changes in space, through cycles or pathways.

Tracers were used in biochemistry before the atomic age. Scientists employed natu-
rally occurring heavy radioelements in the 1920s and both artificial and stable radio-
isotopes in the 1930s. Yet these efforts remained small in scale before World War 1I,
when the development of nuclear reactors made mass production of radioisotopes
feasible. The Cold War context shaped the use of radioisotopes in two decisive ways.

The first has to do with scale. The AEC vastly increased the overall consumption
of radioisotopes in the United States and allied nations by subsidizing the costs of
production, providing technical training, and encouraging industrial participation. In
this respect, new Cold War priorities dramatically reinforced and expanded certain
pre-existing trajectories of research. Tracer research remained principally a benchtop
activity, even as it was materially dependent on the massive infrastructure that had
been developed to make nuclear weapons. Hans-Jorg Rheinberger has aptly described
the dissemination of radioisotopes as “big science coming in small pieces.”°

The second has to do with space. By 1951, Canada and Great Britain were selling
radioisotopes in conjunction with their atomic-energy programs, and were exporting
radioisotopes with fewer restrictions than the United States,'! and the Soviet Union
was supplying radioisotopes to institutions in satellite states as well as to its own
institutions.!? Consequently, by the 1950s the circulation of radioisotopes had become
global, even as the networks of distribution were circumscribed by the geopolitics of
the Cold War.

The explosion of biological and medical work with radiotracers after World War
I had profound epistemological repercussions, particularly through facilitating a
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preoccupation with transformations at the molecular level. In biochemistry, the inten-
sified use of isotopic tracers resulted in the mapping of hundreds of metabolic path-
ways, such as the Calvin-Benson cycle (which exploited newly discovered carbon-14).
In both ecology and medicine, the availability of radioactive tracers ushered in new
methods that mirrored the biochemical usage of tracers to study metabolism. Radio-
isotopes (especially phosphorus-32 and iodine-131) were used diagnostically to locate
tumors and observe organ function. Ecologists, beginning with G. Evelyn Hutchinson,
used radioisotopes such as phosphorus-32 to analyze the flow of materials and energy
through ecosystems. Through the US government’s program of radioisotope supply,
which was embedded in the Cold War politics of atomic energy, radiotracers became
a distinctive feature of postwar life science and medicine.

At another level, the AEC’s radioisotope program illustrates that not all of the US
government’s atomic-energy activities were oriented toward military ends, or even
(directly) to anti-communism. Viewed alongside the conspicuous growth of big science
and the national-security state, the widespread use of government-produced radioiso-
topes illustrates how the Cold War shaped more quotidian aspects of research and
clinical practice. The “civilian” development of atomic energy was just as deeply
rooted in postwar politics as the stockpiling of nuclear weaponry. Radioisotopes served
as symbols of the “peaceful atom” at the height of the arms race.'* This is not to sug-
gest that the civilian and military sides of atomic energy were entirely separable: they
were two sides of the same coin, each implying the other. In fact, the US government’s
simultaneous commitment to the testing of nuclear weapons and to so-called peace-
time applications of atomic energy spawned common research endeavors, especially
as the AEC sought to manage environmental radioactivity and low-level human expo-
sure without questioning their necessity. The AEC'’s supply of abundant, inexpensive
radioisotopes had consequences both profound and trivial, from the selection of
research problems and the ethics of human experimentation to routine assaying tech-
niques and the disposal of laboratory waste.

Early Isotopic Tracers

George de Hevesy is credited with the first biological experiment using radioisotopes
in 1922 (published in 1923) when he utilized lead-212 to follow the uptake of this
element in plant tissues." An array of similar studies followed this example (some
conducted by Hevesy but many by other scientists), monitoring the incorporation and
movement of heavy radioactive elements—such as bismuth, thorium, and polonium—
into animal and plant tissues.'® Humans were not exempt. In 1924, Herrmann Blumgart
and co-workers at Harvard Medical School injected bismuth-214 into a clinical sub-
ject’s arm and determined how long it took for the radioactivity to reach the other
arm, detected using a Wilson cloud chamber.!® In animals or in patients, researchers
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could examine where radioelements localized—in which tissues or organs—and mea-
sure how rapidly they were excreted.

There were practical incentives for studying the effects of radioactive materials used
by industry. Toxicological studies of the distribution of radium in animals and humans
dated back to the early twentieth century.!” As the health hazards of radium became
evident in the tragic suffering and deaths of watch dial painters in the 1920s, knowl-
edge about the localization and biological effects of radioactive isotopes took on an
urgent medical relevance.'® Neither radium nor most of the heavy radioactive elements
used in these early experiments were generally found in living organisms. Conse-
quently, these studies didn’t shed direct light on physiological processes. In order to
use radioisotopes to study the dynamics of life, especially metabolism, scientists
needed isotopes of lighter elements that were the main constituents of living matter.
These first became available with the isolation of stable isotopes.

Harold Urey, a physical chemist, identified deuterium (a heavy isotope of hydrogen)
in 1932 and used it to prepare “heavy water” (*H.O), prompting a spate of investiga-
tions of the effects of heavy water on various biological processes, such as the respira-
tion of fish, the division of eggs, the growth of fungi, and the germination of plant
seeds.!” However, it was Urey’s concentration of the naturally occurring isotopes oxy-
gen-18, carbon-13, and nitrogen-15 that ushered in the thoroughgoing use of isotopes
as metabolic tracers. By substituting these rare but stable isotopes for oxygen, carbon,
or nitrogen atoms in biological molecules, one could track the fate of compounds
marked with these heavy isotopic tags, even in vivo.?°

Urey’s search for naturally occurring isotopes coincided with the heightened inter-
est in intermediary metabolism among biochemists.?! Researchers studying metabo-
lism investigated the myriad chemical transformations that occurred in the cell, both
synthetic and degradative, opening up the organismal black box of nineteenth-cen-
tury intake-output physiology.?> Whereas nineteenth-century chemists had established
the identity and the structure of many biological compounds (e.g., sugars, amino
acids, fatty acids, dicarboxylic acids, and keto-acids), their successors focused their
efforts on the chains of reactions, connecting those compounds in vivo, each step
apparently controlled by a specific enzyme. Using laborious manometric techniques,
Otto Meyerhof and W. Kiessling determined the reaction steps in anaerobic carbohy-
drate metabolism (glycolysis), soon termed the Embden-Meyerhof pathway. They
published in 1936. The following year, Hans Krebs announced the steps of the citric
acid cycle (now the eponymous Krebs cycle).?* These became paradigmatic for bio-
chemists, functioning as “exemplary achievements” guiding the field.?*

Isotopes were even better suited than chemical micromanometers for detecting
metabolites, which were produced in small quantities and quickly transformed. Harold
Urey’s colleagues at Columbia University were among the first to use stable isotopes
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to trace biochemical pathways. Rudolph Schoenheimer, David Rittenberg, and Mildred
Cohn tagged biological molecules with deuterium, nitrogen-15, and carbon-13 in
order to follow chemical transformations of fats and proteins within the cell, and
found they were in a state of continuous flux.?® Schoenheimer contended that vital
compounds were being continuously broken down and regenerated from a metabolic
pool, part of what he termed the “dynamic state of body constituents.”?® These tech-
niques and findings, which did much to define biochemistry as the study of the
molecular dynamics of life, exemplified tracer methodology in the life sciences.?”

Artificial Radioisotopes as Tracers and for Therapy

Radioactive isotopes competed with stable isotopes as tracers. Soon after Frédéric and
Iréne Joliot-Curie discovered how to produce artificial radioisotopes, Ernest O. Law-
rence and his group at the University of California’s Radiation Laboratory (Rad Lab)
in Berkeley bombarded table salt with deuterons in a cyclotron, generating sodium-24.2
Lawrence hired two physicians—his brother John Lawrence and Joseph Hamilton—to
explore this material’s potential medical uses. Within two months of first producing
radiosodium, Lawrence’s group had made more than a millicurie, and they improved
the efficiency of production further. In 1936 the cyclotron was able to generate 200
millicuries of radiosodium a day from rock salt worth less than a penny.? At a meeting
of the American Physical Society in December of 1936, Paul Aebersold of the Rad Lab
declared that “machines of science produce radiation equal to $5,000,000 worth of
radium.”?*° This helped justify the building of ever-larger accelerators. A 37-inch cyclo-
tron became operational on August 18, 1937.3!

The first clinical use of an artificial radioisotope occurred in 1936, when Joseph
Hamilton and Robert Stone administered sodium-24 to two leukemia patients.3
Although the patients didn’t improve, neither did they appear to suffer ill effects. On
the basis of the apparent safety (or, at least, nontoxicity) of radiosodium in these
medical experiments, Hamilton launched a broader investigation of the rate of absorp-
tion of sodium in humans, feeding healthy subjects small amounts of sodium-24. His
initial publication reported results from eight subjects, two of them women; most of
the subjects had received radiosodium by mouth, the doses ranging from 80 to 200
microcuries.* A subject would put his or her left hand around a Geiger-Miiller counter
encased in lead, then use the right hand to drink the radioactive salt solution.

The appearance of radioactivity in the hand, detected by the counter a few minutes
after ingestion, was used as an “indicator of absorption.”** Ernest Lawrence set up live
demonstrations of the absorption of sodium-24 in human volunteers in his public
lectures, and touted its value of as a potential substitute for costly radium.** However,
continuing experiments on the localization of radiosodium in healthy subjects
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Figure 2.1

Joseph Hamilton (left) conducting one of the first isotope metabolism studies during the 1930s.
Credit: Lawrence Berkeley National Laboratory.
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suggested this isotope was better suited for studying the vascular system and investi-
gating the role of ions in water balance than for treating cancer.®®

Phosphorus-32 also became available in 1936, and Berkeley scientists conducted
similar tracer experiments with it. The previous year, Otto Chievitz and Georg von
Hevesy had demonstrated that ingested radiophosphorus (obtained from a radon-
beryllium source) concentrated in the bones and, to a lesser degree, the muscles of
rats.’” The Rad Lab’s cyclotron generated phosphorus-32 of higher specific activity,
and Lawrence soon made it available to collaborators in Berkeley and at the University
of California’s medical school in San Francisco, and to Hevesy and others in Europe.

In San Francisco, K. G. Scott and S. E. Cook fed phosphorus-32 to chicks to see if
its selective localization (to bone) might make it useful for treating leukemia, lym-
phoma, and perhaps other blood-cell diseases.®® Across the Bay, in Berkeley, John
Lawrence studied the uptake of phosphorus-32 in inbred mice. He and Scott found
that cancerous mice concentrated more radioactivity in their lymph glands and
spleens than did healthy mice after both groups received small “tracer” doses.** This
finding stoked hopes that radioisotopes would be selectively absorbed and localized
in cancer patients and thus could be used to irradiate tumors. In fact, Lawrence was
already experimenting with the therapeutic use of phosphorus-32 in patients with
leukemia and polycythemia vera.*

In tandem with ongoing clinical experiments, phosphorus-32 was being used as a
tracer to study metabolism. Israel L. Chaikoff of Berkeley’s Department of Physiology
collaborated with John Lawrence to study phospholipid turnover in the tumors of
Lawrence’s cancerous mice. The tumors showed different rates of phospholipid activ-
ity, but in each case turnover was at least as high as in normal tissue, and in some
cases it was much higher.*' Chaikoff and his colleagues also used the radiolabel to
study phospholipid synthesis, tracking the percentage of tagged phosphorus that was
recovered as phospholipid from the gastrointestinal tract, the liver, the kidneys, the
brain, and the whole body of fasting rats.*> The fact that so much radioactivity was
absorbed and localized in adult animals indicated that there was rapid turnover of the
tissues and molecules in the body. Along similar lines, and during the same time frame,
the biochemist David Greenberg and his graduate student Waldo Cohn studied the
absorption of phosphorus-32 through the digestive system and its assimilation in
the organs of rats at the University of California at San Francisco.*® Radioactive
phosphorus brought into view “a dynamic system involving synthesis, transport,
deposition, and breakdown of phospholipids in the tissues involved.”*

Agricultural scientists were equally eager to use phosphorus-32 in physiological
research. Daniel Arnon and his co-workers in Berkeley’s Division of Truck Crops added
phosphorus-32 (obtained from the Rad Lab in the form of sodium biphosphate) to
unlabeled ammonium phosphate in a nutrient solution for tomato plants. The radio-
phosphorus was rapidly absorbed by seven-foot-tall tomato plants, accumulating most



Figure 2.2
A contact radiograph of the young leaf of a tomato plant 36 hours after **PO, was added to the
nutrient solution. Notice the concentration of radioactivity (the lighter areas) in the parts of

the plant that are growing. The light areas indicated by letters were caused by folds in the leaves
(a—d) or by the bunching of several small leaflets (e). Image and caption from D. I. Arnon, P. R.
Stout, and F. Sipos, “Radioactive Phosphorus as an Indicator of Phosphorus Absorption of Tomato
Fruits at Various Stages of Development,” American Journal of Botany 27 (1940): 791-798.
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in the foliage and fruit in the upper portion of the plants—the region of most active
growth. The smaller the tomato, the more radiophosphorus it took up.*® As in the case
of the mouse tumors, rapidly growing tissues concentrated more phosphorus-32 than
slower-growing tissues.

Although these research uses yielded important biochemical knowledge, most of
the requests Ernest and John Lawrence received for radiophosphorus came from
physicians who wished to use it in therapy, and Berkeley became an important site
for its clinical distribution. Besides phosphorus-32, the other radioisotope that physi-
cians keenly sought in the late 1930s was radioiodine. Robley D. Evans, a physicist at
the Massachusetts Institute of Technology, used a radium-beryllium neutron source
(devised from discarded and donated medical radon needles and plaques) to make
iodine-128. Evans’ collaborators, Saul Hertz and Arthur Roberts of the Thyroid Clinic
at Massachusetts General Hospital, performed the first biological tracer experiments
with this isotope. In a 1938 paper, they reported the rapid, selective concentration of
this isotope in the thyroids of 48 rabbits that had been injected with iodine-128.4
Under conditions of thyroid stimulation, even more radioiodine was localized to the
thyroid. The authors asserted that “the concentrating power of the hyperplastic and
neoplastic thyroid for radioactive iodine may be of clinical or therapeutic signifi-
cance,” even though the half-life of this isotope—25 minutes—made the therapeutic
prospect remote.*”

Later in 1938, in Berkeley, J. J. Livingood and Glenn T. Seaborg announced the
discovery of a longer-lived radioisotope of iodine, iodine-131.* Joseph Hamilton
quickly put iodine isotopes to use in medical experiments, collaborating with Mayo
Solley of the medical school in San Francisco to administer radioiodine orally to
patients. Patients with overactive thyroids took up more than ten times as much
radioiodine as healthy individuals did.** This finding laid the groundwork for the
widespread use of iodine-131 in the treatment of hyperthyroidism.*® One group
reported that metastatic carcinoma of the thyroid accumulated radioiodine, but unfor-
tunately only certain thyroid cancers selectively concentrated the isotope.*’ The most
successful clinical applications of phosphorus-32 and iodine-131were for non-malig-
nant diseases—polycythemia vera and hyperthyroidism, respectively.

One thus sees around the Berkeley cyclotron a variety of biological experiments
alongside with attempts to develop therapies with radioisotopes. Human experiments
were part of the patterns of use from the outset, and the same language of tracers was
used to describe biochemical experiments in which radioisotopes were used to illumi-
nate metabolic processes in animals and plants and nontherapeutic human experi-
ments in which a small amount of a radioelement was administered to a subject to
track its absorption and localization. The results of these experiments in turn fed into
clinical trials, which generally used much larger doses of radioactivity in order to
irradiate pathological (usually tumorous) tissue.



40 Creager

Figure 2.3

One of the first patients studied by Joseph Hamilton for thyroid uptake. After oral administration
of radioiodine, the radioactivity of the thyroid was measured by placing a Geiger-counter tube
over the gland. Credit: Lawrence Berkeley National Laboratory.
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Cyclotrons at War

The mobilization of scientists in Lawrence’s Rad Lab for work to aid the Manhattan
Project, formalized by the US government in June of 1941, gave nuclear research and
technology a new urgency.> The cyclotrons became important production sites for
radioactive materials for laboratories throughout the country doing defense-related
research.® The Manhattan Engineer District (MED) was established on August 13, 1942
in New York. That same month, Robert Stone left San Francisco to become head of
the Health Division at the University of Chicago’s Metallurgical Lab. On September
17, the Army appointed Colonel Leslie R. Groves to head this top-secret organization.
In February of 1943, the Manhattan Engineer District contracted with the University
of California to administer the Los Alamos Laboratory (Contract 36).>* A few months
later, Contract 48 between the University of California and the Army enlisted the Rad
Lab as one of the central MED facilities. The production of plutonium from the Berke-
ley cyclotrons was critical for the early scientific work of the Manhattan Project.

By the time Contract 48 was signed, Joseph Hamilton was already conducting
research on the metabolism and biological effects of plutonium and other fission prod-
ucts, through a contract with the Office of Scientific Research and Development. A
component of the new Manhattan Project contract, 48A, assimilated this line of inves-
tigation.>> Hamilton’s group at Berkeley became part of a larger Plutonium Project
aimed at establishing the occupational dangers for Manhattan Project employees of
working with plutonium and the dozens of isotopes produced as uranium fission prod-
ucts.> Only one primary fission product—radioiodine—had been studied relatively
well, and the amount of radioactivity to which Manhattan Project workers would be
exposed was more than a million times that from industrial radium use worldwide.*’
Many fission products were radioactive isotopes of rare earths. For the most part, the
metabolism of even the non-radioactive forms of these elements wasn’t known.%#

Hamilton’s wartime study relied on use of the Berkeley cyclotrons to generate spe-
cific fission products by bombarding a uranium target. Because only small amounts
were available, all his experiments of this sort were considered to be “tracer” studies.
There was some overlap with his earlier research. Hamilton had already become inter-
ested in the possible use of radioactive strontium (also a fission product) for the clinical
treatment of bone diseases.”® But the work on fission products was larger-scale and
more systematic, involving the testing of eighteen fission products each on twelve
rats, exposed in groups of three at various times before sacrifice and analysis. By 1943,
the pattern of accumulation (in various organs) of fourteen of the radioisotopes had
been determined, as had their rates of elimination.® Several were found to localize in
bones.®!

As the Manhattan Project progressed, J. Robert Oppenheimer was increasingly
concerned about the safety of plutonium—and the lack of knowledge about it. In
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February of 1944, Hamilton was given 11 milligrams of plutonium for use in biological
studies. His group rapidly ascertained that plutonium, like radium, was a bone-seeker
and could be expected to cause bone cancer. Although its risk of absorption from
ingestion was less than that of radium, when inhaled it persisted longer in the lungs.*?
In view of the urgency of plutonium’s danger and the difficulty in extrapolating from
rat to man, the Manhattan Project leadership decided to embark on research with
human subjects. In January of 1945, Hamilton signaled his intention to begin “meta-
bolic studies with [plutonium] using human subjects.”® Just a few months later, the
first injection of plutonium into a human subject under Contract 48A occurred at
University Hospital in San Francisco. Albert Stevens, thought to be suffering from
stomach cancer, was given 0.932 micrograms of a mixture of plutonium-238 and
plutonium-239. He was later found to have a gastric ulcer rather than cancer. Stevens,
designated CAL-1, was one of eighteen patients (including two more in San Francisco)
who received injections of plutonium between April 1945 and July 1947 at several
MED sites.%

These plutonium-injection experiments represent most vividly the ethical abuses
associated with the US government’s secret efforts during and after World War 1II to
gather information about the dangers of fissionable material and radiation from
research on humans.®® Few of the patients injected with plutonium seem to have
been informed of their exposure or their status as research subjects. How did leading
researchers in the medical application of radioisotopes end up conducting these
experiments for the military? In part, it was because these experiments built on civil-
ian studies at Berkeley that had preceded them—the plutonium-injection research and
similar studies were referred to in AEC reports as “human tracer experiments.”* Clearly
these wartime studies differed in crucial ways from those that went before—the selec-
tion of terminally ill patients as subjects signaled their potential danger. Yet the earlier
pattern of human experimentation at Berkeley facilitated the subordination of research
there to the emerging occupational health and safety requirements of the military.
Even after the war, Joseph Hamilton was convinced that “under appropriate and suit-
able circumstances, it is highly desirable to conduct human studies with certain of the
fission products and fissionable elements.”®” Yet even AEC officials understood that
these experiments were ethically dubious and politically problematic.®® These experi-
ments illustrate the overlap between the AEC’s civilian and military agendas in the
management of atomic energy’s dangers, an intersection not usually connected to
tracer work with radioisotopes.®

Radiocarbon and the Proliferation of Metabolic Pathways

The non-medical investigations using radioactive tracers at Berkeley also launched
important trajectories of postwar research. In the late 1930s in the Berkeley Rad Lab,
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the radiochemists Martin Kamen and Sam Ruben and the plant biochemist William
Zev Hassid first used radioactive carbon—the isotope carbon-11—as a tracer to follow
the fixation of carbon dioxide by both photosynthetic and heterotrophic organisms.”
Earlier in the 1930s, Robin Hill at Cambridge University had demonstrated that the
“light” and “dark” steps of photosynthesis could be studied separately.”! Hassid,
Kamen, and Ruben used radiocarbon to trace the “dark” steps—the conversion of
carbon dioxide into carbohydrate. Using ''C-labeled carbon dioxide, they found that
the first product of photosynthesis in green plants was the transfer of carbon from
CO; to a carboxyl group.”” Experiments using this precious biological isotope required
proximity to a cyclotron, as it had a half-life of only 21 minutes.

Carbon-14, first isolated by Kamen and Ruben in 1940, offered an excellent alter-
native—its half-life was 5,700 years. However, Kamen and Ruben’s research collabora-
tion was disrupted by the demands of World War II. Kamen became involved in the
Rad Lab’s work on uranium separation, and Ruben undertook work with poison gases,
particularly phosphogene. An accident with phosphogene took Ruben’s life in 1943.7
Not until the end of the war was the first biological tracer experiment with carbon-14
published out of Berkeley, by Kamen and the plant biochemist Horace A. (“Nook”)
Barker.”* Because of the ubiquity of carbon in living systems, the wide-ranging utility
of carbon-14 in tracer experiments was recognized immediately. Aside from having a
long half-life, carbon-14 could be diluted a billionfold and still be detected through
its radioactive decay.” But when Kamen lost his security clearance as a result of sus-
picions about his association with leftist musicians and a meeting with a Russian
consular official (in conjunction with arranging a shipment of phosphorus-32 from
Berkeley to treat another official), the project again languished.”®

Ernest Lawrence was keen to keep Berkeley at the forefront of radiotracer work on
photosynthesis. Late in 1945, he persuaded the Berkeley chemist Melvin Calvin to
undertake biological studies with the carbon-14 already available at the Rad Lab. Cal-
vin recalled Lawrence telling him they should do something “useful” after their
involvement in the Manhattan Project.”” Calvin began the studies with a small vial of
“C-labeled barium carbonate inherited from Ruben, and invited Ruben’s former col-
laborator in photosynthesis research, Andrew Benson, to lead the effort.”® They filed
four papers on these earliest experiments in photosynthesis, done collaboratively with
the Berkeley plant biochemists William Hassid and Horace Barker, as Manhattan Dis-
trict declassified reports.”” As part of the work going on at the Berkeley Rad Lab, it was
soon supported through an early AEC grant to Lawrence.®’ Calvin was also an early
recipient of the AEC’s carbon-14 (produced at Oak Ridge), which had a much higher
specific activity than the material obtainable from the Berkeley cyclotrons.

Calvin’s efforts in tracing carbon-14 through the photosynthetic pathway were
immensely fruitful, leading to the elucidation of what came to be called the Calvin
(or Calvin-Benson) photosynthetic cycle.
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Calvin’s group grew the single-celled green alga Chlorella pyrenoidosa in a culture
suspension supplied with normal carbon dioxide in an apparatus called a “lollipop.”
*C-labeled carbon dioxide would be injected into the usual stream of carbon dioxide
for a predetermined period of time, ranging from seconds to minutes. The algae would
then be Killed and their contents analyzed. Paper chromatography was the principal
analytical tool—the algae juices would be separated in two dimensions, using two
different eluting fluids. Different chemical compounds migrated in the two-dimen-
sional space as discrete spots. Exposing the paper chromatogram to x-ray film enabled
the research to pinpoint the radioactive compounds and to trace the appearance of
radioactivity in new compounds with longer time periods after the exposure to labeled
carbon dioxide.

This chromatographic method of analysis was much faster than traditional meth-
ods of organic chemistry, and it was visually impressive. Calvin and his co-workers
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Figure 2.4

A schematic diagram of the photosynthetic carbon cycle (“Calvin-Benson cycle”). From Melvin
Calvin, “Photosynthesis,” in Radiation Biology and Medicine: Selected Reviews in the Life Sciences,
ed. Walter D. Claus (Addison-Wesley, 1958). Reprinted by permission of Pearson Education Inc.,
Upper Saddle River, New Jersey.
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showed that carbon dioxide was converted into phosphoglyceric acid, which then was
converted, through several other biochemical steps, into fructose and other sugars.
On August 26, 1948, the physicist Freeman Dyson attended a lecture by Calvin on
these results. Afterward, he described in admiring terms the way the resulting pictures
“show, in the most possible way, the progress of the delicate and transitory reactions
through which the radio-carbon is assimilated.” For Dyson, Calvin'’s research provided
dramatic evidence of the advances atomic science had brought:

The long-sighted people said, when nuclear energy first came on the scene, that the application
to biological research would be more important than the application to power. But I doubt if
anyone expected that things would actually get going as fast as they have. This blotting-
paper-plus-radio-activity technique is completely revolutionary because it means that any sub-
stance can be fed to a cell and its transformations followed second by second in detail, even in
quantities too small to be seen or weighted, and with substances too unstable to stand old-
fashioned stewing and chemical extraction.’!

The tone was exuberant, but Dyson'’s perspective wasn’t hyperbolic. The photosyn-
thetic pathway stood as an early example of how radioisotopes could unlock biochemi-
cal puzzles, and the AEC referred to it frequently.®> Moreover, this work had taken
place in one of the AEC’s own laboratories, and had profited from Oak Ridge-produced
carbon-14, so the AEC had a particular claim on the breakthrough.

But if the photosynthetic pathway gave early evidence of the promise of radiotracer
work, a wealth of similar discoveries followed. The growing reliance on isotopic tracers
resulted in “so elaborate a proliferation of metabolic pathways as to boggle the minds
of students of biochemistry.”®* Carbon-14 was especially important to these metabolic
studies because it could be used to tag almost any molecule of biological interest
(nearly all of which contain carbon). The AEC regularly cited its sales of carbon-14 to
illustrate the savings made possible by using a nuclear reactor to produce isotopes. In
one report to Congress, the AEC estimated that, whereas the Oak Ridge pile could
manufacture 200 millicuries of carbon-14 in a few weeks, at a cost of about $10,000,
“it would take 1,000 cyclotrons to equal this output, and the operating cost would be
well over a hundred million dollars.”3*

Nuclear Medicine

The early postwar publicity about the medical breakthroughs that radioisotopes would
bring focused on their therapeutic uses, particularly in the treatment of cancer. The
hope that isotopes would cure cancer was predicated on the notion that they would
localize to specific tumors and deliver internal radiation. However, the expectation
that radioisotopes would become so-called magic bullets to fight cancer didn’t fully
materialize, whereas radioisotopes did become important tools in the area of medical
diagnostics.®® The AEC’s 1948 report to Congress contained the following passage:
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Some malignant, abnormally growing tissues absorb certain elements in the body, such as phos-
phorus and iodine, faster than normal; others absorb certain elements more slowly than normal.
Cancer specialists are taking advantage of this fact and using radioisotopes to help locate tumors.
The University of California Medical School and the Cook County Hospital, Chicago, are using
radiophosphorus to locate cancer in the breast; the radiations enable diagnosticians to distinguish
between benign and malignant growths, since the latter take up phosphorus at a slightly greater
rate.®

Radioisotopes could be used to identify cancer, even if they could not treat it.

As contemporary observers recognized, the use of radioisotopes in clinical diag-
nostics was essentially an application of tracer methodology to medicine, putting
small amounts of isotopes to use in making physiological measurements or detecting
abnormal tissue growth.®” Tumors were not the only target. By 1955, radioisotopes
were being used in a wide variety of diagnostic tests. In general, tracer applications
of radioisotopes required much smaller amounts of radioactivity than the dosage
required in therapeutic applications.®® Indeed, at the biological level, it was the obser-
vation that very low-level amounts of radiation did not disturb fundamental living
processes that legitimized the use of radioisotopic tracers as probes.®

One type of diagnostic technique involved dilution of the radioisotope in the body.
For example, Joseph Hamilton’s early work with sodium-24 laid the groundwork for
diagnostic tests in which this radioelement was used to assess total exchangeable body
sodium.”® Under the same general rationale, chromium-51 or iron-59 was used to
measure red cell mass, and '*'I-labeled serum albumin was used to measure plasma
volume. Radioisotopes could also be used to measure the rate of flow in the circulatory
system. Sodium-24 could be used to assess cardiac output or to diagnose peripheral
vascular disorders, building on Hamilton’s early study of its absorption and movement
through the bloodstream to the extremities. Other diagnostic tests followed the metab-
olism of radiolabeled compounds in the human body. For example, patients with
pernicious anemia didn’t excrete as much vitamin B-12 in their urine as normal sub-
jects. Consequently, reliable diagnosis could be achieved by administering cobalt-
60-labeled vitamin B-12, then performing a precise urine test.’!

Perhaps the best-known radioisotope-based diagnostics involved physiological
localization, as exemplified by the use of iodine-131 to study thyroid physiology and
dysfunction. The success of this procedure was established in the late 1930s, as has
already been mentioned. In 1956, Paul Aebersold estimated that “over half a million
thyroid studies have been done with iodine 131 since that time.”°* Similarly, the
localization of phosphorus-32 in tumors had been noted by John Lawrence and other
researchers during the 1930s, and diagnostic procedures using this isotope were devel-
oped for various forms of cancer. The challenge of using radioactivity to locate a tumor
or to measure function in an internal organ, however, was one of detection: the tissues
of the human body both absorbed and interfered with the radiation given off by
isotopes.

[vww.ebook3000.con)



http://www.ebook3000.org

Atomic Tracings 47

Diagnostic administration of isotopes could be used in conjunction with surgery.
When a patient’s body was being opened up, radioactivity could be measured directly.
In the case of surgery for brain tumors, researchers at Massachusetts General Hospital
designed miniature Geiger counters, termed Selverstone-Robinson probes, to be placed
directly into the brain.”® The beta rays emitted from decaying phosphorus-32 don’t
penetrate the scalp or the skull, so this isotope, which localized well to tumors, was
useful only once the brain had been opened up. The surgeon could then insert the
probes (each only 1-3 millimeters long) at various depths to determine the exact loca-
tion of the tumor, signaled by an increase in the counting rate from 5 to 36 times
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Figure 2.5

A two-dimensional chromatogram of extract from algae indicating uptake of radiocarbon during
photosynthesis (30 seconds). From Melvin Calvin, “Photosynthesis,” in Radiation Biology and
Medicine: Selected Reviews in the Life Sciences, ed. Walter D. Claus (Addison-Wesley, 1958). Reprinted
by permission of Pearson Education Inc., Upper Saddle River, New Jersey.
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Figure 2.6

A Selverstone-Robinson probe counter. From William H. Sweet and Gordon L. Brownell, “The
Use of Radioactive Isotopes in the Detection and Localization of Brain Tumors,” in Radioisotopes
in Medicine, ed. Gould Andrews, Marshall Brucer, and Elizabeth Anderson (Atomic Energy Com-
mission, 1955).

over the background. Just a few years after the method was first published, William
Sweet, one of its developers, asserted that “such counters are now used routinely at
operations.”%*

Sweet and Gordon Brownell also worked to develop an isotope-based detection
method that could be used on patients not undergoing surgery. They tested several
positron-emitting isotopes, because, unlike phosphorus-32, when positrons are anni-
hilated through interaction with electrons they emit radiation identical to x rays
(gamma photons), which could be detected outside the skull. The most promising
positron-emitting radioisotopes for this kind of diagnostic test proved to be arsenic-72
and arsenic-74, injected together intravenously at 20 microcuries per kilogram of body
weight. (The amount of metallic arsenic involved was well below pharmacologic
intoxication.) By 1953, 300 patients had undergone brain scans with radioarsenic. In
99 of 133 brain tumor patients tested, radioactivity concentrated detectably in intra-
cranial lesions, whose locations were verified by surgery.?

The Geiger counter remained the main instrument for detecting radioactivity in
medical diagnostics from the late 1920s through the early postwar years, when detec-
tion devices for the human body began to improve dramatically. In 1949, at the
University of California at Los Angeles, Benedict Cassen designed a scintillation coun-
ter for the in vivo localization of radioiodine in patients.’® Because it was 10-20 times
more sensitive than Geiger counters, using this counter in diagnostic tests required
less radioiodine to be administered. Cassen also developed a point-by-point counting
grid and mounted the probe on a moving mechanism to yield what was called the
rectilinear scanner, a device for visualizing organs that went into commercial produc-
tion (by the Picker X-ray Company) in 1959. Hal Anger of the Donner Laboratory at
Berkeley then built a device with ten scintillation detectors in a row that could scan
the whole body.”” The isotope technetium-99m was identified in 1960; by the 1970s
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Figure 2.7

The operation field of Patient T.F. Labels indicate sites of insertion of probe counter. From
William H. Sweet and Gordon L. Brownell, “The Use of Radioactive Isotopes in the Detection
and Localization of Brain Tumors,” Radioisotopes in Medicine, ed. Gould Andrews, Marshall Brucer,
and Elizabeth Anderson (Atomic Energy Commission, 1955).

it was the most ubiquitous radioisotope in medical diagnostics, thanks to the energy
of its emitted gamma ray and its short half-life.”® Some retrospective histories of
“nuclear medicine” skip over the late 1940s and the early 1950s and highlight tech-
netium-99m and the invention of these body scanners.”” Focusing on the earlier
applications of radioisotopes in diagnostics highlights the commonality of the “tracer
method” across biology and medicine. From the 1930s through the 1950s, many of
the same radioisotopes and detection devices were being used for laboratory research
and clinical diagnosis, actively promoted and supported by the AEC.

Tracing Ecosystems

The availability of radioisotopes also affected field sciences, particularly ecology. In
adopting radiotracers as tools, ecologists sought to emulate how biochemists and
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physiologists used radioisotopes in the laboratory to elucidate pathways of metabo-
lism. G. Evelyn Hutchinson pioneered the use of isotopes in fresh water as ecological
tracers, releasing phosphorus-32 from the Yale cyclotron into a pond in order to
investigate the cycling of phosphorus through the phytoplankton and inorganic mat-
ter.!'® First in 1941 and again in 1946, Hutchinson carried out this experiment with
phosphorus-32 from the Yale cyclotron. After the war, he was among the first licensees
to receive phosphorus-32 from Oak Ridge, with its unrivaled specific activity.!°! After
undertaking a more thorough investigation with this AEC reactor-generated radio-
phosphorus in the summer of 1947, Hutchinson published the results in 1950.12 The
results confirmed his hypothesis that the overall metabolism of phosphorus in the
lake was maintained at a steady state by the growth and death of algae.

Hutchinson'’s research on ponds and the stability of their aquatic communities built
on an analogy Hutchinson had offered in 1940 in a review of Bio-Ecology, a book by
Frederic Clements and Victor Shelford: “If, as is insisted, the community is an organ-
ism, it should be possible to study the metabolism of that organism.”'® In 1941,
Hutchinson made good on this analogy, publishing an article titled “The Mechanisms
of Intermediary Metabolism in Stratified Lakes.”!* The subsequent use of isotopes to
trace the development and metabolism of aquatic communities rendered Arthur Tans-
ley’s 1935 notion of an ecosystem, including both biotic and abiotic components, in
concrete terms.'® But whereas Tansley had suggested “ecosystem” as a neutral category
to rid ecology of the organismal term “biotic community,” the use of isotopes to trace
“metabolic pathways” in both physiology and ecology kept the organismal concept
in play.

In addition, similar representational practices—mapping the patterns of circula-
tion—manifested the epistemological links between metabolic biochemistry and bio-
geochemical studies of ecosystems, even as the ecological diagrams included nonliving
components. Such uses of radioisotopes to trace the “metabolism” of aquatic systems
informed Raymond Lindeman’s notion of trophic-dynamics, which Eugene Odum and
others made central to ecosystems ecology.'® Between 1946 and 1953 Hutchinson
(who had been Lindeman'’s advisor at Yale) attended the Macy Foundation conferences
on cybernetics. In 1946 he wrote his influential paper “Circular Causal Systems in
Ecology” for one of those meetings, emphasizing the self-regulating features of an
ecosystem. The diagram of the global biogeochemical cycle of carbon presented in
that paper shows a visual similarity to metabolic pathways at the time.

Many ecologists followed Hutchinson’s example, using the intentional release of
limited amounts of radioisotopes into the environment to trace the uptake and circu-
lation of elements.!*” But, unlike biochemistry and nuclear medicine, ecology included
many “experiments” which these scientists didn’t set in motion. Radioactivity was
entering the environment, often on a large scale, through the AEC’s disposal of nuclear
waste and atomic weapons tests, and ecologists began tracking the movement of these
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Figure 2.8

A schematic diagram of the global carbon cycle. From G. E. Hutchinson, “Circular Causal Systems
in Ecology,” Annals of the New York Academy of Sciences 50 (1948): 221-246. Reproduced by per-
mission of John Wiley and Sons.

radioisotopes. In this respect, ecological tracing was more directly connected than
other biomedical uses of radiotracers to the military development of atomic energy
by the US government.

Some research along these lines began during the war. The Applied Fisheries
Laboratory at the University of Washington in Seattle was established in 1943 under
Professor Lauren Donaldson, with the support of the Manhattan Engineer District,
to undertake laboratory studies on the biological effects of radioactivity on fish—
specifically, to assess the possible impact of radioactive waste from the reactors at the
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Hanford Reservation on the local salmon-fishing industry.'®® In 1946, Donaldson’s
group also participated, along with many other scientists, in an ecological and geologi-
cal survey of the Bikini Atoll before and after the bomb tests as part of the Nuclear
Testing Program in the Pacific. A follow-up survey at Bikini Atoll a year after the tests
revealed the persistence of radioactivity in flora and fauna.!®

Research on the biological effects of radioactive waste also took place on the Han-
ford Reservation itself.!!® In late 1944, Donaldson persuaded the MED leadership of
the importance of beginning on-site research at the Columbia River. His graduate
student Richard F. Foster was transferred to Hanford in June of 1945 to work at a new
Aquatic Biological Laboratory operated by the DuPont Corporation with Donaldson
as a consultant.!!! Initial laboratory studies by Foster, conducted in the second half of
1945, suggested that the addition of cooling effluent from the Hanford reactors, if it
was diluted sufficiently (at least 1:50) by river water, would not threaten the salmon
and trout populations.!’? Hanford scientists also studied the levels of radioactivity in
the river water. After exiting the reactors, the effluent was held for 24 hours in reten-
tion basins in order to allow short-lived radioisotopes to decay. Most of these radio-
isotopes were not fission products from the reactor, but normal constituents of river
water whose minerals became radioactive through activation (via neutron capture)
when passing through the cooling vessels.!!* By the late 1940s, studies of radioactive
contamination near Hanford yielded a disquieting result: several species, some aquatic
and some terrestrial, accumulated radioactivity in high quantities, and several radio-
isotopes were concentrated as they moved up the food chain. Many terrestrial animals,
including mammals, birds, reptiles, and insects, were exposed through the aerial
release of radioactive waste gases.!!*

Hanford scientists emphasized in various publications that radioactive contamina-
tion in the Columbia River “never approached hazardous levels.”'"® But Eugene Odum
drew a more cautious conclusion: “[A]n isotope might be diluted to a relatively harm-
less level on release into the environment, yet become concentrated by organisms or
a series of organisms to a point where it would be critical. In other words we could
give ‘nature’ an apparently innocuous amount of radioactivity and have her give it
back to us in a lethal package!”''®

Another prominent program of ecological research was launched at Oak Ridge
National Laboratory (ORNL). Ecology gained support at Oak Ridge because two health
physicists there, Karl Morgan and Edward Struxness, considered their purview to
include the study of radioactive contamination of the environment."” Stanley Auer-
bach arrived in 1954 to join their division, and by 1960 he had built up one of the
largest ecology programs in the country. When he arrived, ORNL was pumping low-
level radioactive waste into pits, from which it could seep into the surrounding soil.
The expectation was that through binding of soil particles the radioisotopes would
become immobilized.!'® Low-level radioactive wastes were also dumped into White
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Oak Lake. In 1955 the lake was drained, and health physicists had an opportunity to
study the fate of its radioactive contamination. In 1956, Auerbach began to investigate
the movement of radioisotopes within the soil, plants, and fauna of the lake bed, and
to examine the effects of contaminating radiation on the plants and animals.!” The
seepage of radioactive waste from the disposal pits was also studied. The discovery
that radioisotopes were taken up by vegetation showed that radioactive waste couldn’t
be assumed to remain where it had been deposited.

Besides studying the environmental fate of radioactive waste, Auerbach followed
the precedent of Hutchinson in using artificially produced radioisotopes, readily avail-
able at Oak Ridge, to investigate element cycling.'?° In May of 1962, a team of ORNL
ecologists tagged an entire forest with cesium-137, intending to measure cesium

Figure 2.9

Oak Ridge National Laboratory ecologists inoculating a tulip poplar with cesium-137. The man
at right is pouring radiocesium solution into a previously prepared trough, from which the
isotope moves into the trunk through slits chiseled into the bark. The man second from left is
adding water to facilitate the transfer of the isotope from the trough. The man at far left, in the
foreground, is monitoring and timing the operation. From Onsite Ecological Research of the
Division of Biology and Medicine at the Oak Ridge National Laboratory, compiled and edited by
Stanley I. Auerbach and Vincent Schultz (AEC report TID-16890).
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transfer between the components of the ecosystem. As Auerbach and two co-authors
noted, tracer experiments had not previously been attempted in the United States “on
a relatively large scale in field experiments.”!?! Radiocesium was applied directly to
the trunk of each tree in the forest for a total distribution of 467 millicuries. The results
showed that cesium cycled out of the trees into the litter on the forest floor, but didn't
rapidly re-enter the system through the roots.!??

Such studies with isotopic tracers put ecosystems ecology on a quantitative foot-
ing.'? Ultimately, computers were used to provide mathematical simulations of eco-
systems, and the ORNL group led this effort. In particular, Jerry Olson, a research
ecologist hired there in 1958, harnessed the computational resources available at a
national laboratory to undertake mathematical modeling of nutrient cycling, focusing
on the movement of radionuclides through ecosystems.!?* In fact, the 1962 radioce-
sium tagging of the Oak Ridge forest was done with the hope of inputting the data
into Olson’s computer model for mineral cycling.'?

Eugene Odum carried out similar radiolabeling experiments on research tracts at
the Savannah River nuclear site in Georgia. When the AEC decided to build a new
plutonium-production plant on the Savannah River, the AEC’s newly established Divi-
sion of Biology and Medicine supported studying the plant’s impact on the environ-
ment. Odum obtained a grant for the University of Georgia to participate in this work,
and increased funding from the AEC in the next several years enabled him to establish
a permanent laboratory there (the Savannah River Ecology Laboratory).'?® Work at
Savannah River included field experiments with radioactive tracers. Odum wasn’t
constrained in the way that Auerbach was by the Oak Ridge focus on radioactive waste
and the special concern with fission products such as cesium-137 and strontium-90.'%
Instead he could select an isotope to best measure the movement of material and
energy between the various organisms in a terrestrial ecosystem.'”® Phosphorus, an
element that was necessary for growth in all organisms, was a more desirable tracer
than strontium or cesium.

Odum and Edward Kuenzler devised a method of laying out “hot quadrats” in
which all individuals of a kind of plant in the designated area were labeled with
phosphorus-32.12° They radiolabeled three quadrats, each of a different plant species
(heterotheca, rumex, sorghum) in the spring of 1957. By following the movement of
radiophosphorus into higher trophic levels (animals), the researchers could isolate the
food chain: Any animal that became radioactive had to belong to the food chain
originating with the tagged plant species. In addition to showing how rapidly phos-
phorus (and thus energy) was transferred from plants (the primary producers) to graz-
ing herbivores and ants (the primary consumers), and subsequently to small mammals
such as mice, the experiment new shed light on the eating habits of snails, whose
rapid acquisition of radioactivity indicated that grass was an important food source
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Figure 2.10

Typical activity density curves at three trophic levels resulting from the labeling of a single species
of herbaceous plant at time O with phosphorus-32. The movement of the phosphorus-32 label
from plants to carnivores is clearly visible. All curves are corrected for radioactive decay. From
Eugene P. Odum, “Feedback between Radiation Ecology and General Ecology,” Health Physics 11

(1965): 1257-1262.

for them.!*® The researchers’ plots of radioactivity versus time in various species
showed “the graphic separation of certain trophic and habitat groups.”!3!

Continued investigations by Odum’s group pointed to the promise of this
radiolabeling method for determining “food web diversity for an entire commu-
nity.”132 Odum also taught his methods to other ecologists interested in using
radioisotopes.!3?

The effects of radiation and radioisotopes on ecology can be seen in the many
symposia volumes published from the late 1950s through the early 1970s. The 1955
and 1958 International Conferences on the Peaceful Uses of Atomic Energy featured
many papers by ecologists, most of them oriented toward the problems presented
by radioactive waste from civilian nuclear power development. Concern about the
hazards of radioactive fallout from tests of atomic weapons reinforced environ-
mental investigation. A Symposium on Radioisotopes in the Biosphere held at the
University of Minnesota on October 19-23, 1959 focused principally on the pathways
of radioisotopes released into the atmosphere by atomic explosions. Similarly, the
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International Symposium on Radioecological Concentration Processes, held in Stock-
holm in 1966, focused principally on the distribution and movement of radioisotopes
in fallout.’® But the importance of radiation studies to general ecology is also evident.
The AEC supported three large-scale symposia on radioecology, the first held in Fort
Collins, Colorado, in 1961, the second in Ann Arbor, Michigan, in 1967, and the third
at Oak Ridge, Tennessee, in 1971.1% Dozens of papers that featured the use of radio-
isotopes as tracers through aquatic or terrestrial ecosystems were presented, many of
which represented AEC-sponsored work.

One of the legacies of radioecology was the conceptual transfer of the invisible
danger from radioisotopes to other environmental contaminants. Rachel Carson’s
book Silent Spring posited a similarity between the hazards of radioactive fallout and
the dangers of synthetic chemicals: “In this now universal contamination of the envi-
ronment, chemicals are the sinister and little-recognized partners of radiation in
changing the very nature of the world—the very nature of life.”'*® The analogy
between radioactivity and synthetic chemicals also informed how scientists approached
the problem of understanding how industrial contaminants moved through ecosys-
tems and entered food webs, both dispersing and concentrating in the environment.
As it turned out, some insecticides were found to exhibit the same trait of bioconcen-
tration as the compound moved up the food chain.*” DDT became the exemplar of
this phenomenon. In fact, George Woodwell at Brookhaven National Laboratory, hav-
ing made his name studying how radiation affected forest ecosystems, subsequently
demonstrated that DDT was concentrated up to 1.5 millionfold in an aquatic ecosys-
tem on Long Island.’*® As Woodwell noted, the attention to one part per billion in
the environment “was itself a revolution,” and the realization that biotic studies
required measurement in the “range of nanograms and picograms, nanocuries and
picocuries” became a defining feature of the study of environmental contamination.'’
As two textbook authors noted in 1982, when it came to studying ecological processes
involved in the spread of “smog, pesticides, and other chemical substances that may
threaten the environment,” radioisotopes served as a “model pollutant.”14

Conclusion: The Material Culture of Cold War Science

In assessing the Cold War’s significance for American biology, historians have focused
particular attention on the influence, direct and indirect, of the military.!*! Susan
Lindee has shown how the meaning of human mutation for the researchers on the
Atomic Bomb Casualty Commission was shaped by the social realities of dealing with
Hiroshima survivors.'*? Lily Kay has argued that the cracking of the genetic code in
the 1960s bore signs of its casting a decade earlier as amenable to the techniques of
code-breaking for military purposes.’*® Examples are far more numerous for physics
and engineering—one thinks of Peter Galison’s analysis of Norbert Wiener’s
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cybernetics, and Paul Edwards’ argument for the centrality of military command and
control to the development of postwar computing, among other examples.'** How-
ever, attention to the supply and the widespread uses of radioisotopes attests to the
pervasive consequences of the Cold War for the material culture and practices of civil-
ian biology and medicine. Both the symbolism and the outcomes of the AEC'’s radio-
isotope distribution challenged the prevailing image of atomic energy as a technology
of war. Radioisotopes represented the atom’s potential for humanitarianism and
health, even in the midst of a nuclear arms race. At the same time, the public emphasis
on medical benefits camouflaged the actual military utility of some radioisotope
experiments, particularly studies of human exposure to plutonium, fission products,
and radiation.

The tension between the benefits of radioisotopes for biological research and medi-
cal therapy and their possible military use dominated early debates about the export-
ing of radioisotopes, where the AEC’s proposed policy collided with the politics of
national security. Immediately after the passage of the Atomic Energy Act, there was
substantial debate over whether the new agency should allow foreigners to purchase
its radioisotopes. Republican critics of the civilian control of atomic energy, such as
Senator Bourke Hickenlooper, were insistent that radioactive materials should not be
shipped abroad, lest they speed the development of atomic weaponry elsewhere. The
Atomic Energy Act of 1946 prohibited the export of “fissionable” materials, and even
though the radioisotopes most useful to biology were not fissionable, congressional
debates stalled the initiation of an export program until the fall of 1947.14 When
exports of radioisotopes commenced, President Truman’s announcement justified
them as enabling the “open, impartial, and truly international character of medical
research [to] carry over into the realm of other problems of world concern.”'*¢ Presi-
dent Eisenhower furthered the policy of using non-military nuclear resources in for-
eign diplomacy. This effort culminated in his Atoms for Peace initiative, which entailed
bilateral agreements with developing nations to disseminate the other major dividend
of atomic energy: nuclear power.'” Eisenhower’s “Atoms for Peace” speech, given on
December 8, 1953, highlighted the AEC'’s foreign distribution of radioisotopes as a
precedent.!#8

It was not just government propaganda that drove the widespread use of radioiso-
topes, in the United States or elsewhere. Researchers already wanted them. Radioactive
elements could be detected with unprecedented sensitivity, and the detection methods
(mostly Geiger counters and autoradiography in the 1940s) were more readily available
than the mass spectrometers required for using stable isotopes. As compared with
relying on chemical extraction and purification, the measurement of radiolabeled
compounds could often be performed on an intact system, whether that was a cell,
plant, animal, or landscape. One of the other great virtues of the isotopic tracer
method was that it could be used in conjunction with many other laboratory
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techniques, including ultracentrifugation, electrophoresis, and chromatography.
Radiolabeling allowed a researcher to pick out the molecule of interest—or its succes-
sive metabolic by-products—while using other instruments already at hand to separate
biomolecules.

For these reasons, scientific interest in radioisotopic tracers both preceded and
transcended the Manhattan Project. Yet the state’s monopoly on nuclear technology,
and the political pressure on the MED's successor, the AEC, to demonstrate the civilian
benefits of the atom, meant that scientific research with radioisotopes developed
much more rapidly than it would have otherwise, especially if the supply had con-
tinued to be tethered to cyclotrons. The US government also cultivated medical appli-
cations of radioisotopes, from installing cobalt-60 machines in hospitals to making
radioelements used in cancer research, therapy, and diagnosis free from 1948 to 1952
and subsidizing them heavily thereafter.!** The effect of the government’s promotional
efforts on research was rapid and dramatic. AEC-produced radioisotopes resulted in
the publication of more than 10,000 papers during the first postwar decade, a majority
of them on topics related to biomedical research.! In turn, the AEC touted the utility
of radioisotopes as a demonstration of the peacetime benefits of atomic energy.

Other areas of research were directly created by the facilities that embodied the
United States’ commitment to atomic energy during the Manhattan Project and
the Cold War. In the case of ecology, the landscapes around the AEC'’s atomic weapons
plants and national laboratories became experimental test beds for ecological radio-
tracers, and problems of radioactive waste there were, in turn, understood in terms of
ecosystems. More broadly, ecological studies of radioactive waste as well as the growing
understanding of the dangers of low-level radiation exposure disclosed the environ-
mental and occupational risks associated with using radioisotopes—information the
AEC was initially reluctant to accept.’®! Radioactive tracers also made the problems of
containing nuclear contamination newly visible; that, in turn, generated concerns
about the disposal of radioactive waste from laboratories, clinics, and the government’s
large-scale atomic-energy and weapons facilities.!

Beginning in the 1950s, these ecological results and other developments compli-
cated the many significations of “the peaceful atom.” The debates about fallout
changed the public perception of the relationship between atomic energy and cancer.
Radioisotopes began to be understood as potential threats to health as well as medical
bullets, as they had been viewed in 1947. Particular isotopes such as strontium-90,
released through testing of atomic weapons and incorporated into the food chain
through grazing livestock in the western United States, now symbolized the perils
of atomic energy. Alongside the recognized utility of radioisotopes in biomedicine
was an anxiety about radioactive contamination in the environment. The signing
of the 1963 partial test ban treaty addressed the problem of radioactive fallout, even
as the construction of nuclear power plants posed another source of environmental
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radioactivity. By the late 1970s, the anti-nuclear movement had effectively stalled the
expansion of the nuclear power industry.'*

During the same period, the building of civilian nuclear reactors, both in the United
States and abroad, made the Oak Ridge reactor an increasingly obsolete machine for
generating radioisotopes. Private and university reactors began producing radionu-
clides for the still-growing radiochemical and radiopharmaceutical market. In 1963,
the AEC closed down the X-10 reactor at Oak Ridge National Laboratory, in acknowl-
edgment that the demand for radioisotopes could be largely met outside the govern-
ment infrastructure.’ In 1974, the AEC was reorganized in order to segregate its
promotional functions from its regulatory functions. The institutional and political
vicissitudes besetting the AEC eclipsed the historic role of the US government in fos-
tering the market for radioisotopes, even as these material traces of the Cold War
remained central to biology and medicine.

Acknowledgments

This chapter includes material from my book Life Atomic: A History of Radioisotopes in
Science and Medicine (University of Chicago Press, 2013); it is reprinted here with per-
mission. Some passages were adapted from “Nuclear Energy in the Service of Biomedi-
cine: The US Atomic Energy Commission’s Radioisotope Program, 1946-1950,” Journal
of the History of Biology 39 (2006): 649-84 (© Springer 2006), with kind permission
from Springer Science+Business Media B.V. [ am grateful for comments and suggestions
from John Krige, Naomi Oreskes, Michael Gordin, Susan Lindee, Dave Kaiser, Matthew
Shindell, and Michael Barany, from the anonymous reviewers for the MIT Press, and
from participants in the 2010 Francis Bacon Conference, “How the Cold War Trans-
formed Science.”

Notes

1. Henry DeWolf Smyth, “Nuclear Power and Foreign Policy,” Foreign Affairs 35 (1956): 1-16,
on 2-3.

2. “Availability of Radioactive Isotopes; Announcement from Headquarters, Manhattan Project,
Washington, D.C.” Science 103 (1946): 697-705, on 697.

3. Because many of these 63,990 shipments went to companies that prepared radiochemicals
and radiopharmaceuticals for a secondary market, the ultimate number of radioisotope users
was severalfold higher. US Atomic Energy Commission, Eight-Year Isotope Summary, volume 7 of
Selected Reference Material, United States Energy Program (Government Printing Office, 1955), 2.

4. For example, in 1949 the AEC claimed that the “large-scale availability of isotopes is by far
the most important constructive benefit which has yet been realized from the development of



60 Creager

atomic energy.” US Atomic Energy Commission, Isotopes: A Three-Year Summary of Distribution
With Extensive Bibliography (Government Printing Office, 1949), 1. See also Alfred Q. Maisel,
“Medical Dividend,” Collier’s 119 (May 3, 1947): 14, 43-44.

5. Nicolas Rasmussen, “The Mid-Century Biophysics Bubble: Hiroshima and the Biological
Revolution in America, Revisited,” History of Science 35 (1997): 245-293. On the particular
political meanings of radioisotopes during the Cold War, see John Krige, “The Politics of Phos-
phorus-32: A Cold War Fable Based on Fact,” Historical Studies in the Physical and Biological Sci-
ences 36, no. 1 (2005): 71-91; Krige, “Atoms for Peace, Scientific Internationalism, and Scientific
Intelligence,” Osiris 21 (2006): 161-181.

6. On the political struggle over civilian versus military control of atomic energy, see Richard G.
Hewlett and Oscar E. Anderson ]Jr., The New World: A History of the United States Atomic Energy
Commission, volume 1: 1939-1946 (University of California Press, 1989 [1962]).

7. See the statement issued by the General Advisory Committee to correct “unwarranted opti-
mism” about an atomic power industry, published in the Atomic Energy Commission’s Fourth
Semiannual Report to Congress (Government Printing Office, 1948), 43-46. The oft-cited assertion
that nuclear energy would be “too cheap to meter” is from an address given on September 16,
1954, in New York, by Lewis Strauss (then chairman of the Atomic Energy Commission) to the
National Association of Science Writers. President Eisenhower had revived the idea of a domes-
tic nuclear energy industry, and the prospect began to gain traction.

8. Stuart M. Feffer, “Atoms, Cancer, and Politics: Supporting Atomic Science at the University
of Chicago, 1944-1950,” Historical Studies in the Physical and Biological Sciences 22, no. 2 (1992):
233-261.

9. See Ellen Leopold, Under the Radar: Cancer and the Cold War (Rutgers University Press, 2009).

10. Hans-Jorg Rheinberger, “Physics and Chemistry of Life: Commentary,” in The Science-Indus-
try Nexus: History, Policy, Implications, ed. Karl Grandin, Nina Wormbs, and Sven Widmalm (Sci-
ence History Publications, 2004), on 224.

11. Alison Kraft, “Between Medicine and Industry: Medical Physics and the Rise of the Radioiso-
tope, 1945-65,” Contemporary British History 20 (2006): 1-35; Néstor Herran, “Spreading Nucleon-
ics: The Isotope School at the Atomic Energy Research Establishment, 1951-67,” British Journal
for the History of Science 39 (2006): 569-86; Herran, “Isotope Networks: Training, Sales and Pub-
lications, 1946-1965,” Dynamis 29 (2009): 285-306.

12. Arnold Kramish, Atomic Energy in the Soviet Union (Stanford University Press, 1959),
chapter 14.

13. Peter Galison and Bruce Hevly, Big Science: The Growth of Large-Scale Research (Stanford Uni-
versity Press, 1992); Stuart W. Leslie, The Cold War and American Science: The Military-Industrial-
Academic Complex at MIT and Stanford (Columbia University Press, 1993); Jessica Wang, American
Science in an Age of Anxiety: Scientists, Anticommunism, and the Cold War (University of North
Carolina Press, 1999).

[vww.ebook3000.con)



http://www.ebook3000.org

Atomic Tracings 61

14. George de Hevesy, “The Absorption and Translocation of Lead by Plants: A Contribution to
the Application of the Method of Radioactive Indicators in the Investigation of the Change of
Substance in Plants,” Biochemical Journal 17 (1923): 439-445; Hevesy, “Historical Progress of the
Isotopic Methodology and Its Influences on the Biological Sciences,” Minerva Nucleare 1 (1957):
189-200.

15. Engelbert Broda, Radioactive Isotopes in Biochemistry (Elsevier, 1960; originally published as
Radioaktive Isotope in der Biochemie (Franz Deuticke, 1958), 1. For an overview of these experi-
ments, see Robert Fink, ed., Biological Studies with Polonium, Radium and Plutonium (McGraw-Hill,
1950). The Austrian chemist Broda appears to have been a spy—see Andrew Brown, “The Vien-
nese Connection: Engelbert Broda, Alan Nunn May and Atomic Espionage,” Intelligence and
National Security 24 (2009): 173-193.

16. See Paul Early, “Use of Diagnostic Radionuclides in Medicine,” Health Physics 69, no. 5
(1995): 649-661, on 650; Herrmann L. Blumgart and Otto C. Yens, “Studies on the Velocity of
Blood Flow. I. The Method Utilized,” Journal of Clinical Investigation 4 (1927): 1-13; Herrmann L.
Blumgart and Soma Weiss, “Studies on the Velocity of Blood Flow. II. The Velocity of Blood Flow
in Normal Resting Individuals, and a Critique of the Method Used,” Journal of Clinical Investiga-
tion 4 (1927): 15-31.

17. Broda, Radioactive Isotopes in Biochemistry, 1. For an example of such early work, see Harvey
A. Seil, Charles H. Viol, and M. A. Gordon, “Elimination of Soluble Radium Salts Taken Intrave-
nously and Per Os,” New York Medical Journal 101 (1915): 896-898.

18. Barton C. Hacker, The Dragon’s Tail: Radiation Safety in the Manhattan Project, 1942-1946
(University of California Press, 1987), chapter 1; Claudia Clark, Radium Girls: Women and Indus-
trial Health Reform, 1910-1935 (University of North Carolina Press, 1997).

”

19. Robert E. Kohler, “Rudolph Schoenheimer, Isotopic Tracers, and Biochemistry in the 1930’s,
Historical Studies in the Physical Sciences 8 (1977): 257-298.

20. Heavy isotopes had applications beyond biochemistry. On their development and their use
in geochemistry, see Matthew Shindell’s chapter in this volume.

21. Frederic L. Holmes, “Manometers, Tissue Slices, and Intermediary Metabolism,” in The Right
Tools for the Job: At Work in Twentieth-Century Life Sciences, ed. Adele Clarke and Joan Fujimura
(Princeton University Press, 1992), 151.

22. See Frederic L. Holmes, “The Intake-Output Method of Quantification in Physiology,” His-
torical Studies in the Physical and Biological Sciences 17, no. 2 (1987): 235-270.

23. H. A. Krebs, “Cyclic Processes in Living Matter,” Enzymologia 12 (1947): 88-100; Karin Nick-
elsen and Gerd Graf3hoff, “Concepts from the Bench: Hans Krebs, Kurt Henseleit and the Urea
Cycle,” in Going Amiss in Experimental Research, ed. Giora Hon, Jutta Schickore, and Friedrich
Steinle (Springer-Verlag, 2009).



62 Creager

24. Frederic Lawrence Holmes, Between Biology and Medicine: The Formation of Intermediary
Metabolism (Office for History of Science and Technology, University of California at Berkeley,
1992), 77.

25. Schoenheimer and Rittenberg used deuterated fatty acids to trace the metabolism of choles-
terol and ""N-labeled amino acids to follow protein synthesis. Rudolph Schoenheimer and David
Rittenberg, “The Application of Isotopes to the Study of Intermediary Metabolism,” Science 87
(1938): 221-226; Mildred Cohn, “Some Early Tracer Experiments with Stable Isotopes.” Protein
Science 4 (1995): 2444-2447.

26. Rudolph Schoenheimer, The Dynamic State of Body Constituents (Harvard University Press,
1942).

27. Harmke Kamminga and Mark Weatherall, “The Making of a Biochemist. I: Frederick
Gowland Hopkins’ Construction of Dynamic Biochemistry,” Medical History 40 (1996):
269-292.

28. M. Stanley Livingston, “Early History of Particle Accelerators,” Advances in Electronics and
Electron Physics 50 (1980): 1-88, on 32; F. Joliot and I. Curie, “Artificial Production of a New Kind
of Radio-Element,” Nature 133 (1934): 201-202; Enrico Fermi, “Radioactivity Induced by Neu-
tron Bombardment,” Nature 133 (1934): 757. On the development of the Radiation Laboratory,
see J. L. Heilbron and Robert W. Seidel, Lawrence and His Laboratory: A History of the Lawrence
Berkeley Laboratory (University of California Press, 1989).

29. In fact, as Heilbron and Seidel note, the salt was actually free, donated by the Myles Salt
Company of Louisiana (Lawrence and His Laboratory, 189).

30. Science Service release, December 23, 1936, as quoted in Heilbron and Seidel, Lawrence and
His Laboratory, 190.

31. Herbert Childs to John Lawrence, 24 June 1966, John Hundale Lawrence papers, Bancroft
Library, University of California, Berkeley, 87/86¢, carton 10, folder 23.

32. Joseph G. Hamilton and Robert S. Stone, “The Intravenous and Intraduodenal Administra-
tion of Radio-Sodium,” Radiology 28 (1937): 178-188. John Lawrence referred to this as a “stunt,”
because Hamilton had to know that it could have no therapeutic benefit. John H. Lawrence to
Herbert Childs, 13 July 1966, John Hundale Lawrence Papers, Bancroft Library, University of
California, Berkeley, 87/86¢, carton 10, folder 23. See David S. Jones and Robert L. Martensen,
“Human Radiation Experiments and the Formation of Medical Physics at the University
of California, San Francisco and Berkeley, 1937-1962,” in Useful Bodies: Humans in the Service of
Medical Science in the Twentieth Century, ed. Jordan Goodman, Anthony McElligot, and Lara
Marks (Johns Hopkins University Press, 2003).

33. One subject received 2,000 microcuries before Hamilton recognized that 5-10 percent of that
amount of radioactivity gave results just as satisfactory. Joseph G. Hamilton, “The Rates of
Absorption of Radio-Sodium in Normal Human Subjects,” Proceedings of the National Academy
of Sciences 23 (1937): 521-527.

[vww.ebook3000.con)



http://www.ebook3000.org

Atomic Tracings 63

34. Ibid., 523.
35. Heilbron and Seidel, Lawrence and His Laboratory, 190-191.
36. Ibid., 396.

37. O. Chiewitz and G. Hevesy, “Radioactive Indicators in the Study of Phosphorus Metabolism
in Rats.” Nature 136 (1935): 754-755. Chiewitz and Hevesy were in Copenhagen collaborating
with Niels Bohr, who had been given a radium-beryllium source for his fiftieth birthday in 1935.
“Within days,” according to Marshall Brucer, “Hevesy was making P-32 for tracer studies in
animals, but he could not make enough radioactivity to detect biological effects.” A Chronology
of Nuclear Medicine 1600-1989 (Heritage Publications, 1990), 215. Hevesy’s continuing work
applying radioactive tracers (mostly in biomedical research) figured in his being awarded the
Nobel Prize in 1944, twenty years after he was first nominated for his contributions to chemistry.
See Gabor Pallo, “Scientific Recency: George de Hevesy’s Nobel Prize,” in Historical Studies in the
Nobel Archives: The Prizes in Science and Medicine, ed. Elisabeth Crawford (Universal Academy
Press, Tokyo, 2002).

38. K. G. Scott and S. F. Cook, “The Effect of Radioactive Phosphorus upon the Blood of Grow-
ing Chicks,” Proceedings of the National Academy of Sciences 23 (1937): 265-272.

39. John H. Lawrence and K. G. Scott, “Comparative Metabolism of Phosphorus in Normal
and Lymphomatous Animals,” Proceedings of the Society for Experimental Biology and Medicine 40
(1939): 694-696.

40. John Lawrence first administered phosphorus-32 to a patient with chronic lymphatic leuke-
mia in 1937, and he gave it to a woman suffering from polycythemia vera in 1938. Only the
second clinical use seemed to be effective. John Lawrence to Edward B. Silberstein, 13 October
1978, Nuclear Medicine R&D Technical Documents, 434-92-66, ARO-2225, Lawrence Berkeley
National Laboratory Archives and Records Office, 1 Cyclotron Rd. MS: 69R0102, Berkeley, Cali-
fornia 94720, box 2, folder S; John H. Lawrence, “Early Experiences in Nuclear Medicine,”
Journal of Nuclear Medicine 20 (1979): 561-564. See also Jones and Martensen, “Human Radiation
Experiments.”

41. They used mice with several kinds of transplanted tumors: mammary carcinoma, lymphoma,
lyphosarcoma, and sarcoma 180. H. B. Jones, I. L. Chaikoff, and John H. Lawrence, “Radioactive
Phosphorus as an Indicator of Phospholipid Metabolism. VI. The Phospholipid Metabolism of
Neoplastic Tissues (Mammary Carcinoma, Lymphoma, Lymphosarcoma, Sarcoma 180),” Journal
of Biological Chemistry 128 (1939): 631-644.

42. I. Perlman, S. Ruben, and I. L. Chaikoff, “Radioactive Phosphorus as an Indicator of Phos-
pholipid Metabolism,” Journal of Biological Chemistry 122 (1937): 169-182.

43. Waldo E. Cohn and David M. Greenberg, “Studies in Mineral Metabolism with the Aid of
Artificial Radioactive Isotopes. I. Absorption, Distribution, and Excretion of Phosphorus,” Journal
of Biological Chemistry 123 (1938): 185-198.



64 Creager

44. Leslie L. Bennett, “I. L. Chaikoff, Biochemical Physiologist, and His Students,” Perspectives in
Biology and Medicine 30 (1987): 362-383, on 367.

45. D. L. Arnon, P. R. Stout, and F. Sipos, “Radioactive Phosphorus as an Indicator of Phosphorus
Absorption of Tomato Fruits at Various Stages of Development,” American Journal of Botany 27
(1940): 791-798.

46. S. Hertz, A. Roberts, and Robley D. Evans, “Radioactive lodine as an Indicator in the Study
of Thyroid Physiology,” Proceedings of the Society of Experimental Biology and Medicine 38 (1938):
510-513.

47. Ibid., 513.

48. J.]. Livingood and G. T. Seaborg, “Radioactive Isotopes of lodine,” Physical Review 54 (1938):
775-782.

49. Joseph G. Hamilton and Mayo H. Soley, “Studies in lodine Metabolism by the Use of a New
Radioactive Isotope of lodine,” American Journal of Physiology 127 (1939): 557-572; Joseph G.
Hamilton and Mayo H. Soley, “Studies in Iodine Metabolism of the Thyroid Gland in Situ by
the Use of Radio-lodine in Normal Subjects and Patients with Various Types of Goiter.” American
Journal of Physiology 131 (1940): 135-143; Heilbron and Seidel, Lawrence and His Laboratory,
396-398.

50. The first two reports of effective treatment of hyperthyroidism by iodine-131 appeared side
by side as abstracts for the 34th Annual Meeting of the American Society for Clinical Investiga-
tion, held in 1942: Joseph G. Hamilton and John H. Lawrence, “Recent Clinical Developments
in the Therapeutic Application of Radio-Phosphorus and Radio-lodine,” Journal of Clinical Inves-
tigation 21 (1942): 624; Saul Hertz and A. Roberts, “Application of Radioactive lodine in Therapy
of Graves’ Disease,” Journal of Clinical Investigation 21 (1942): 624.

51. Joseph G. Hamilton, “The Use of Radioactive Tracers in Biology and Medicine,” Radiology 39
(1942): 541-572, on 556; Paul C. Aebersold, “The Development of Nuclear Medicine,” American
Journal of Roentgenology, Radium Therapy and Nuclear Medicine 75 (1956): 1027-1039, on 1030.
The original papers are Albert S. Keston, Robert P. Ball, V. Kneeland Frantz, and Walter W.
Palmer, “Storage of Radioactive lodine in a Metastasis from Thyroid Carcinoma,” Science 95
(1942): 362-363; L. D. Marinelli, F. W. Foote, R. F. Hill, and A. F. Hocker, “Retention of Radioac-
tive lodine in Thyroid Carcinomas; Histopathologic and Radio-Autographic Studies,” American
Journal of Roentgenology and Radium Therapy 58 (1947): 17-32.

52. “History of the University of California Radiation Laboratory,” Hardin B. Jones Papers, Ban-
croft Library, University of California, Berkeley, 79/112c, box 2, folder UCB—Lawrence Berkeley
Lab, History, typescript p. 36; Martin D. Kamen, Radiant Science, Dark Politics: A Memoir of the
Nuclear Age (University of California Press, 1985), 140-141.

53. “History of the University of California Radiation Laboratory,” 35.

54. Advisory Committee, The Human Radiation Experiments: Final Report of the President’s Advisory
Committee, Supplemental Volume 1 (Government Printing Office, 1995).

[vww.ebook3000.con)



http://www.ebook3000.org

Atomic Tracings 65

55. Ibid.

56. See Robert S. Stone, Industrial Medicine on the Plutonium Project: Survey and Collected Papers
(McGraw-Hill, 1951).

57. The variety of isotopes was also an issue. According to Stannard, uranium fission produces
more than 200 isotopes of 34 elements. About 60 radioisotopes are primary reaction products.
J. Newell Stannard, Radioactivity and Health: A History (Pacific Northwest Laboratory, 1988), 299.

58. Hacker, Dragon’s Tail, 43.
59. Hamilton, “Radioactive Tracers in Biology and Medicine,” 566.

60. For a reproduction of a table from 1943 summarizing the early fission product studies, see
Stannard, Radioactivity and Health, 305. Hamilton was also interested in the use of fission prod-
ucts in radiological warfare.

61. Joseph G. Hamilton, “A Report of the Past, Present, and Future Research Activities for Project
48-A-1" [c. 1948], Donald Cooksey Files Administrative (Director’s Office), Accession Number
434-90-20, ARO-1537, Lawrence Berkeley National Laboratory Archives and Records Office, 1
Cyclotron Rd. MS: 69R0102, Berkeley, California 94720, box 4, folder 49 Medical Physics J. H.
Lawrence’s Group, General.

62. Hacker, The Dragon’s Tail, 63.
63. Advisory Committee, Suppl. Vol. 1, 605.

64. See the table of these subjects in Stannard, Radioactivity and Health, 352. The most thorough
account of these patients is Eileen Welsome, The Plutonium Files: America’s Secret Medical Experi-
ments in the Cold War (Random House, 1999). Similar government-sponsored experiments with
polonium and uranium are described in Advisory Committee, The Human Radiation Experiments:
Final Report of the President’s Advisory Committee (Oxford University Press, 1996), chapter 5.

65. Advisory Committee, Final Report, chapter 5.

66. Stafford L. Warren, Report of the 23-24 January 1947 Meeting of the Interim Medical Com-
mittee, US Atomic Energy Commission, Department of Energy Opennet Acc NV0727195, 8.

67. Hamilton, “A Report of the Past, Present, and Future Research Activities for Project 48-A-1"
[c. 1948], 9. See also Joseph G. Hamilton to Colonel E. B. Kelly, Subject: Summary of Research
Program for Contract W-7405-eng-48-A, John Hundale Lawrence Papers, Bancroft Library,
87/86¢, Film 2005, series 3, reel 5, 5:30, folder Correspondence H 1946; Jones and Martensen,
“Human Radiation Experiments,” 93-96.

68. Carroll L. Wilson to Stafford L. Warren, 30 April 1947, reproduced in Advisory Committee,
Supp. Vol. 1, 71-72.

69. The topic of human experimentation has spawned a vast historical, ethical, and legal litera-
ture, which is well beyond the purview of this chapter. For some assessments of this historiog-
raphy as it pertains to radiation studies, see Jonathan Moreno, Undue Risk: Secret State Experiments



66 Creager

on Humans (Freeman, 2000); Robert N. Proctor, “Human Experimental Abuse, in and out of
Context,” in Science, History and Social Activism: A Tribute to Everett Mendelsohn, ed. Garland E.
Allen and Roy M. MacLeod (Kluwer, 2001); Gerald Kutcher, Contested Medicine: Cancer Research
and the Military (University of Chicago Press, 2009).

70. S. Ruben and M. D. Kamen, “Radioactive Carbon in the Study of Respiration in Heterotro-
phic Systems,” Proceedings of the National Academy of Sciences 26 (1940): 418-422. For a retrospec-
tive account, see Martin D. Kamen, “A Cupful of Luck, a Pinch of Sagacity,” Annual Review of
Biochemistry 55 (1986): 1-34.

71. See Doris T. Zallen, “Redrawing the Boundaries of Molecular Biology: The Case of Photo-
synthesis,” Journal of the History of Biology 26 (1993): 65-87, on 71.

72. S. Ruben, W. Z. Hassid, and M. D. Kamen, “Radioactive Carbon in the Study of Photosyn-
thesis,” Journal of the American Chemical Society 61 (1939): 661-663.

73. Kamen, Radiant Science, Dark Politics, 165.

74. See Martin D. Kamen, “Early History of Carbon-14,” Science 140 (1963): 584-590. The first
publication of an experiment using carbon-14 as a biological tracer was H. A. Barker and M. D.
Kamen, “Carbon Dioxide Utilization in the Synthesis of Acetic Acid by Clostridium thermoaceti-
cum,” Proceedings of the National Academy of Sciences 31 (1945): 219-225.

75. W.F. Libby, “The Radiocarbon Story,” Bulletin of the Atomic Scientists 4, no. 9 (1948): 263-266.

76. See Kamen, Radiant Science, Dark Politics, 164, 168. For more on the problems of scientists
with security clearances, see Wang, American Science in an Age of Anxiety; Naomi Oreskes and
Ronald Rainger, “Science and Security Before the Atomic Bomb: The Loyalty Case of Harald U.
Sverdrup,” Studies in History and Philosophy of Modern Physics 31B (2000): 309-369.

77. Melvin Calvin, Following the Trail of Light (American Chemical Society, 1992), 51. According
to Calvin, it wasn’t being on the same faculty but, rather, working on uranium-plutonium fission
product extraction for the Met Lab that brought him into close contact with Lawrence.

78. Ibid., 53; Glenn T. Seaborg and Andrew A. Benson, “Melvin Calvin, April 8, 1911-January
8, 1997,” Biographical Memoirs, National Academy of Sciences 75 (1998): 3-21, on 9.

79. In the AEC bibliographies these are reported (undated) as A. Benson and M. Calvin, “Dark
Reductions of Photosynthesis,” MDDC 1027; S. Aronoff, A. Benson, W. Z. Hassid, and M. Calvin,
“Distribution of C14 in Photosynthesizing Barley Seedlings,” MDDC 965, also published in Sci-
ence (see next note); S. Aronoff, H. A. Barker, and M. Calvin, “Distribution of Labeled Carbon in
Sugar from Barley,” MDDC 966; and S. Aronoff and M. Calvin, “Phosphorus Turnover and
Photosynthesis,” MDDC 1589.

80. It was AEC Contract W-7405-Eng-48. See S. Aronoff, A. Benson, W. Z. Hassid, and M. Calvin,
“Distribution of C'* in Photosynthesizing Barley Seedlings,” Science 105 (1947): 664-665, note 1.

81. Freeman Dyson, letter to family from Berkeley, August 26, 1948, Dyson personal papers.

[vww.ebook3000.con)



http://www.ebook3000.org

Atomic Tracings 67

82. For example, the AEC’s fourth semiannual report to Congress featured isotopes, and listed
photosynthesis as the first example of how tracers enable scientists “to follow in intimate detail
nature’s fundamental processes.” US AEC, Fourth Semiannual Report to Congress, 5.

83. Joseph S. Fruton, Molecules and Life: Historical Essays on the Interplay of Chemistry and Biology
(Wiley-Interscience, 1972), 446.

84. US AEC, Fourth Semiannual Report to Congress, 10.

85. John H. Lawrence and Cornelius A. Tobias, “Radioactive Isotopes and Nuclear Radiations in
the Treatment of Cancer,” Cancer Research 16 (1956): 185-193.

86. US AEC, Fourth Semiannual Report to Congress, 23.
87. Ibid.

88. On the thousandfold difference in radioactivity exposure between these kinds of applica-
tions, see Human Radiation Studies: Remembering the Early Years, Oral History of Biochemist
Waldo E. Cohn, PhD, conducted January 18, 1995 through the Department of Energy by Thomas
Fisher Jr. and Michael Yuffee, published at http://tis.eh.doe.gov.

89. See Martin D. Kamen, Radioactive Tracers in Biology: An Introduction to Tracer Methodology
(Academic Press, 1951), 122. Biologists tended to use radioisotopes either as tracers or as sources
of function-perturbing radiation, rarely as both.

90. Aebersold, “The Development of Nuclear Medicine,” 1031.
91. Ibid., 1032.
92. Ibid., 1031.

93. Early, “Use of Diagnostic Radionuclides in Medicine,” 651; B. Selverstone, A. K. Solomon,
and W. H. Sweet, “Location of Brain Tumors by Means of Radioactive Phosphorus,” Journal of
the American Medical Association 140 (1949): 277-288; William H. Sweet, “The Use of Nuclear
Disintegration in the Diagnosis and Treatment of Brain Tumor,” New England Journal of Medicine
245 (1951): 875-878.

94. This assertion, made at a meeting in September 1953, was first published two years later.
William H. Sweet and Gordon L. Brownell, “The Use of Radioactive Isotopes in the Detection
and Localization of Brain Tumors,” Radioisotopes in Medicine, ed. Gould A. Andrews, Marshall
Brucer, and Elizabeth B. Anderson (Atomic Energy Commission, 1955), 211-218, on 211.

95. Sweet and Brownell, “The Use of Radioactive Isotopes in the Detection and Localization of
Brain Tumors,” p. 214. Sweet was subsequently involved with the AEC in uranium-injection
experiments of patients with brain tumors; for details, see Advisory Committee, Final Report,
chapter 5; Gilbert Whittemore and Miriam Boleyn-Fitzgerald, “Injecting Comatose Patients
with Uranium: America’s Overlapping Wars against Communism and Cancer in the 1950s,”
in Useful Bodies: Humans in the Service of Medical Science in the Twentieth Century, ed. Jordan
Goodman, Anthony McElligot, and Lara Marks (Johns Hopkins University Press, 2003), 165—
189.



68 Creager

96. Early, “Use of Diagnostic Radionuclides in Medicine,” 652.
97. Ibid., 654.
98. The letter m at the end of this isotope designation means “metastable.”

99. E.g., August Miale Jr., “Nuclear Medicine: Reflections in Time,” Journal of the Florida Medical
Association 82, no. 11 (1995): 749-750.

100. G. Evelyn Hutchinson and Vaughan T. Bowen, “A Direct Demonstration of the Phosphorus
Cycle in a Small Lake,” Proceedings of the National Academy of Sciences 33 (1947): 148-153. The
initial radiophosphorus for this study was from the Yale cyclotron and was provided by the
physicist Ernest F. Pollard.

101. Letter from Paul Aebersold, Isotopes Branch, to G. E. Hutchinson, 8 May 1947, AEC Records,
National Archives Southeast Region—Atlanta, RG 326, MED CEW General Research Correspon-
dence 1941-1948, Acc 67B0803, box 178, folder AEC 441.2 (R—Yale Univ.). A copy of Hutchin-
son'’s radioisotope license application, signed November 19, 1946, is in the AEC Records for the
National Archives Southeast Region—Atlanta, RG 326, OROO Files for K-25, X-10, Y-25, Acc
671309, box 14, Certificates.

102. G. Evelyn Hutchinson and Vaughan T. Bowen, “Limnological Studies in Connecticut. IX.
A Quantitative Radiochemical Study of the Phosphorus Cycle in Linsley Pond,” Ecology 31
(1950): 194-203.

103. G. E. Hutchinson, “Bio-Ecology,” Ecology 21 (1940): 267-268, on 268; Joel B. Hagen, An
Entangled Bank: The Origins of Ecosystem Ecology (Rutgers University Press, 1992), chapter 4.

104. G. E. Hutchinson, “Limnological Studies in Connecticut. IV. The Mechanisms of Intermedi-
ary Metabolism in Stratified Lakes,” Ecological Monographs 11 (1941): 21-60.

105. A. G. Tansley, “The Use and Abuse of Vegetational Concepts and Terms,” Ecology 16 (19335):
284-307; Hagen, Entangled Bank, chapter 5.

106. R. L. Lindemann, “The Trophic-Dynamic Aspect of Ecology,” Ecology 23 (1942): 399-418;
E. P. Odum, Fundamentals of Ecology (Saunders, 1953).

107. For a retrospective assessment, see S. I. Auerbach, “Radionuclide Cycling: Current Status
and Future Needs,” Health Physics 11 (1965): 1355-1361.

108. F. W. Whicker and V. Schultz, “Introduction and Historical Perspective,” in Radioecology:
Nuclear Energy and the Environment (CRC Press, 1982), 4. For more on the origins and early
research of the Applied Fisheries Laboratory, see Neal O. Hines, Proving Ground: An Account of the
Radiobiological Studies in the Pacific, 1946-1961 (University of Washington Press, 1962); Matthew
W. Klingle, “Plying Atomic Waters: Lauren Donaldson and the ‘Fern Lake Concept’ of Fisheries
Management,” Journal of the History of Biology 31 (1998): 1-32.

109. See “What Science Learned at Bikini: Latest Report on the Results,” Life, August 11, 1947:
74-87. The “Conclusions,” authored by Stafford Warren, are titled “Tests Proved Irresistible

[vww.ebook3000.con)



http://www.ebook3000.org

Atomic Tracings 69

Spread of Radioactivity.” On the value of these studies to oceanography, see Ronald Rainger, “‘A
Wonderful Oceanographic Tool”: The Atomic Bomb, Radioactivity and the Development of
American Oceanography,” in The Machine in Neptune’s Garden: Historical Perspectives on Technol-
ogy and the Marine Environment, ed. Helen M. Rozwadowski and David K. van Keuren (Science
History Publications, 2004).

110. Michele Stenehjem Gerber, On the Home Front: The Cold War Legacy of the Hanford Nuclear
Site (University of Nebraska Press, [1992] 2002).

111. Hines, Proving Ground, 17.

112. Foster, “Some Effects of Pile Area Effluent Water on Young Chinook Salmon and Steelhead
Trout,” August 31, 1946, US AEC Report HW-7-4759, Hanford Engineer Works, Opennet Doc.
No. NV0717097, 2; L. Donaldson, “Program of Fisheries Experiment for the Hanford Field Labo-
ratory,” July 1945, DUH-7287, OpenNet Acc. No. RL-1-336129. It should be noted that if the
effluent wasn’t diluted, it was highly toxic to the fish, but the scientists calculated that the
dilution factor in the river was at least 1:100. Foster studied the effects on fish of placing them
in water with a variety of dilutions with the effluent, from 1:3 to 1:1000.

113. Eugene P. Odum, Fundamentals of Ecology, second edition (Saunders, 1959), 467. As Foster
observes, an aluminum jacket surrounding the fuel elements kept the cooling water from making
direct contact with the uranium rods. R. F. Foster, “The History of Hanford and Its Contribution
of Radionuclides to the Columbia River,” in The Columbia River Estuary and Adjacent Ocean
Waters: Bioenvironmental Studies, ed. A. T. Pruter and D. L. Alverson (University of Washington
Press, 1972), 13.

114. These results were reported in classified documents, but were first published in the mid
1950s as part of the Atoms for Peace initiative. R. F. Foster and J. J. Davis, “The Accumulation
of Radioactive Substances in Aquatic Forms,” Proceedings of the International Conference on the
Peaceful Uses of Atomic Energy 13 (1955): 364-367; W. C. Hanson and H. A. Kornberg, “Radioac-
tivity in Terrestrial Animals Near an Atomic Energy Site,” Proceedings of the International Confer-
ence on the Peaceful Uses of Atomic Energy 13 (1955): 385-388; J. J. Davis and R. F. Foster,
“Bioaccumulation of Radioisotopes through Aquatic Food Chains,” Ecology 39 (1958): 530-535;
J. J. Davis, R. W. Perkins, R. F. Palmer, W. C. Hanson and J. F. Cline, “Radioactive Materials in
Aquatic and Terrestrial Organisms Exposed to Reactor Effluent Water,” in Proceedings of the Second
United Nations International Conference on the Peaceful Uses of Atomic Energy 18 (1958): 421-428.

115. Davis and Foster, “Bioaccumulation of Radioisotopes through Aquatic Food Chains,” 531.
In a slightly earlier publication, Hanford scientists similarly stated “No effect from the small
amounts of radioactivity present has been detected.” Richard F. Foster and Royal E. Rostenbach,
“Distribution of Radioisotopes in Columbia River,” Journal of the American Water Works Associa-
tion 46 (1954): 633-640, on 635. This same point comes through clearly in “Hanford Science
Forum,” a television broadcast (and sponsored by Hanford’s contractor, General Electric), which
featured an interview with Foster on the work of the Aquatic Biology Operations in a 1957
program. The interviewer introduced the venture as a special kind of “fishing” in the Columbia
River. The telecast is available at http://www.archive.org/details/HanfordS1957.



70 Creager

116. Odum, Fundamentals of Ecology, second edition, 467.

117. Stephen Bocking, Ecologists and Environmental Politics: A History of Contemporary Ecology
(Yale University Press, 1997), 65-68.

118. Ibid., 68.
119. Ibid., 69.

120. Leland Johnson and Daniel Schaffer, Oak Ridge National Laboratory: The First Fifty Years
(University of Tennessee Press, 1994), 99-100.

121. S.I. Auerbach, J. S. Olson, and H. D. Waller, “Landscape Investigations Using Caesium-137,”
Nature 201 (1964): 761-764, on 761.

122. Stannard, Radioactivity and Health, 771.
123. Hagen, Entangled Bank, 112-115.

124. Chunglin Kwa, “Radiation Ecology, Systems Ecology and the Management of the Environ-
ment,” in Science and Nature: Essays in the History of the Environmental Sciences, ed. Michael Short-
land (Alden Press for British Society for the History of Science, 1993), 235-236; Bocking, Ecologists
and Environmental Politics, 78-82; Jerry S. Olson, “Analog Computer Models for Movement of
Nuclides through Ecosystems,” in Radioecology: Proceedings of the First National Symposium on
Radioecology Held at Colorado State University, Fort Collins, Colorado, September 10-15, 1961 (Rein-
hold and American Institute of Biological Sciences, 1963) [hereafter Radioecology], 121-126.
Olson used the National Laboratory Analog Computer Facility at Oak Ridge (Kwa, “Radiation
Ecology,” 243). The computer modeling he set in motion was further developed through the
International Biological Program in the 1960s and the 1970s. See David C. Coleman, Big Science:
The Emergence of Ecosystem Science (University of California Press, 2010), chapter 2.

125. Auerbach, Olson, and Waller, “Landscape Investigations.”

126. The on-site laboratory was approved in 1960 and completed in 1961. Eugene P. Odum,
“Farly University of Georgia Research, 1952-1962,” in The Savannah River and Its Environs: Pro-
ceedings of a Symposium in Honor of Dr. Ruth Patrick for 35 Years of Study on the Savannah River (E.
I. du Pont de Nemours & Co. Savannah River Laboratory), 43-57; Kwa, “Radiation Ecology,”
227-229; Eugene P. Odum, “Organic Production and Turnover in Old Field Succession,” Ecology
41 (1960): 34-49.

127. Kwa, “Radiation Ecology,” 230.

128. See Eugene P. Odum and Frank B. Golley, “Radioactive Tracers as an Aid to the Measure-
ment of Energy Flow at the Population Level in Nature,” in Radioecology, 403-410.

129. Eugene P. Odum and Edward J. Kuenzler, “Experimental Isolation of Food Chains in an
Old-Field Ecosystem with the Use of Phosphorus-32,” in Radioecology, 113-120.

130. Ibid., 118.

131. Ibid., 119.

[vww.ebook3000.con)



http://www.ebook3000.org

Atomic Tracings 71

132. Richard G. Wiegert and Eugene P. Odum, “Radionuclide Tracer Measurements of Food Web
Diversity in Nature,” in Symposium on Radioecology: Proceedings of the Second National Symposium,
Ann Arbor, Michigan, May 15-17, 1967, ed. Daniel ]J. Nelson and Francis C. Evans (Clearinghouse
for Federal Scientific and Technical Information, 1969), 710.

133. Stanley 1. Auerbach, A History of the Environmental Sciences Division of Oak Ridge National
Laboratory (Oak Ridge National Laboratory, 1993), 21.

134. Radioecological Concentration Processes: Proceedings of an International Symposium held in
Stockholm, 25-29 April, 1966 (Pergamon, 1967).

135. In addition to the symposium volumes from 1961 and 1967 cited above, see Radionuclides
in Ecosystems: Proceedings of the Third Symposium on Radioecology, May 10-12, 1971, Oak Ridge
Tennessee (National Technical Information Service, 1971).

136. Rachel Carson, Silent Spring (Houghton Mifflin, 1962), 6. See also Ralph H. Lutts, “Chemical
Fallout: Rachel Carson’s Silent Spring, Radioactive Fallout, and the Environmental Movement,”
Environmental Review 9 (1985): 210-225.

137. George M. Woodwell, “Toxic Substances and Ecological Cycles,” Scientific American 216, no.
3 (1967): 24-31.

138. The concentration went from a dilution of 0.00005 ppm in water to 75.5 ppm in an
immature ring-billed gull. G. M. Woodwell, C. F. Wurster, and P. A. Isaacson, “DDT Residues in
an East Coast Estuary: A Case of Biological Concentration of a Persistent Insecticide,” Science 156
(1967): 821-824. Odum reproduced some of the data in the report cited above in a figure on
page 74 of the third edition of his textbook Fundamentals of Ecology (Saunders, 1971). On Wood-
well’s work at Brookhaven on forest ecosystems, see George M. Woodwell, “Effects of Ionizing
Radiation on Terrestrial Ecosystems,” Science 138 (1962): 572-577.

139. George M. Woodwell, “BRAVO Plus 25 Years,” in Environmental Sciences Laboratory Dedica-
tion: Daniel ]. Nelson Auditorium, Feb. 26-27, 1979 (Oak Ridge National Laboratory, 1980), 62.

140. Whicker and Schultz, “Introduction and Historical Perspective,” 2.

141. The major focus of discussions of biology in the USSR has been the effects of Lysenkoism.
See David Joravsky, The Lysenko Affair (University of Chicago Press, 1970); Nikolai Krementsov,
Stalinist Science (Princeton University Press, 1997). On how this ideological divide shaped genet-
ics in the US, see Jan Sapp, Beyond the Gene: Cytoplasmic Inheritance and the Struggle for Authority
in Genetics (Oxford University Press, 1987).

142. M. Susan Lindee, Suffering Made Real: American Science and the Survivors at Hiroshima (Uni-
versity of Chicago Press, 1994).

143. Lily E. Kay, Who Wrote the Book of Life? A History of the Genetic Code (Stanford University
Press, 2000).

144. Peter Galison, “The Ontology of the Enemy: Norbert Weiner and the Cybernetic Vision,”
Critical Inquiry 21/1 (1994): 228-266; Paul N. Edwards, The Closed World: Computers and the Poli-



72 Creager

tics of Discourse in Cold War America (MIT Press, 1996). The role of defense-related funding of the
physics and engineering has been a long-standing though contested theme in the historiography
of Cold War science. For contending perspectives on this issue, see Paul Forman, “Behind Quan-
tum Electronics: National Security as Basis for Physical Research in the United States, 1940-1960,”
Historical Studies in the Physical and Biological Sciences 18 (1987): 149-229; Daniel J. Kevles, “Cold
War and Hot Physics: Science, Security, and the American State, 1945-1956,” Historical Studies
in the Physical and Biological Sciences 20 (1990): 239-264. For an assessment and another approach
to Cold War science, see Naomi Oreskes, “A Context of Motivation: US Navy Oceanographic
Research and the Discovery of Sea-Floor Hydrothermal Vents,” Social Studies of Science 33 (2003):
697-642. I am merely sampling an extensive relevant historiography.

145. Angela N. H. Creager, “Tracing the Politics of Changing Postwar Research Practices: The
Export of ‘American’ Radioisotopes to European Biologists,” Studies in History and Philosophy of
the Biological and Biomedical Sciences 33C (2002): 367-388; Krige, “Politics of Phosphorus-32”;
Creager, “Radioisotopes as Political Instruments, 1946-1953,” Dynamis 29 (2009): 219-239.

146. Telegram from President Truman to E. V. Cowdry, President of the Fourth International
Cancer Research Congress, September 3, 1947, reprinted with US A.E.C. Press Release for Sep-
tember 4, 1947, “United States Atomic Energy Commission Announces First Shipment of Radio-
isotopes to a Foreign Country,” AEC Records, National Archives, College Park, RG 326, E67A,
box 47, folder 6 Foreign Distribution of Radioisotopes, volume 2. The first draft of this announce-
ment was penned by Paul Aebersold, head of the Isotopes Branch in Oak Ridge. It was Aebersold
who pointed out that this international conference would provide “an unexcelled opportunity
for a highly favorable manner of public announcement.” Paul C. Aebersold, Announcement of
Foreign Distribution of Isotopes, August 20, 1947, AEC Records, National Archives, Atlanta, RG
326, MED CEW Gen Res Corr, Acc 67B0803, box 143, folder AEC 441.2 (R—Foreign), June
1-September 30, 1947.

147. See Krige, “Atoms for Peace.” For a more extended analysis of the role of science and
technology in US foreign policy during the early Cold War, see John Krige, American Hegemony
and the Postwar Reconstruction of Science in Europe (MIT Press, 2006).

148. See Atoms for Peace: Dwight D. Eisenhower’s Address to the United Nations (National Archives
and Records Administration, 1990).

149. Press release for August 3, 1949, “AEC Distributes 8,363 Shipments of Radioactive and
Stable Isotopes in Three Years,” copy in AEC papers, National Archives, College Park, RG 326,
E67A, box 45, folder 13, Distribution of Stable Isotopes Domestic. In 1952 the program was
modified such that users paid 20 percent of production costs for radioisotopes used in the treat-
ment, diagnosis, and study of cancer. US Atomic Energy Commission, Twelfth Semiannual Report
to Congress (Government Printing Office, 1952), 32.

150. This number is based on published bibliographies: US AEC, Isotopes: A Three-Year Summary;
idem., Isotopes: A Five-Year Summary of Distribution with Bibliography (Government Printing Office,
1951); US AEC, Eight-Year Isotope Summary.

[vww.ebook3000.con)



http://www.ebook3000.org

Atomic Tracings 73

151. For a good overview of the fallout debates, see J. Christopher Jolly, Thresholds of Uncer-
tainty: Radiation and Responsibility in the Fallout Controversy, PhD dissertation, Oregon State
University, 2003.

152. George T. Mazuzan and J. Samuel Walker, Controlling the Atom: The Beginnings of Nuclear
Regulation, 1946-1962 (University of California Press, 1985), chapter 12.

153. See Steven L. Del Sesto, Science, Politics, and Controversy: Civilian Nuclear Power in the United
States, 1946-1974 (Westview, 1979); J. Samuel Walker, Containing the Atom: Nuclear Regulation in
a Changing Environment, 1963-1971 (University of California Press, 1992).

154. Some radioisotopes continued to be produced in other Oak Ridge reactors. For a list of
isotope-production reactors in the mid 1960s, see P. S. Baker, “Reactor-Produced Radionuclides,”
in Radioactive Pharmaceuticals: Proceedings of a Symposium Held at the Oak Ridge Institute of Nuclear
Studies as an Operating Unit of Oak Ridge Associated Universities, November 1-4, 1965, ed. Gould A.
Andrews, Ralph M. Kniseley, and Henry N. Wagner Jr. (US Atomic Energy Commission Division
of Technical Information, 1966).



[vww.ebook3000.con)



http://www.ebook3000.org

3 Self-Reliant Science: The Impact of the Cold War on Science in

Socialist China

Sigrid Schmalzer

At first blush, Chinese science during the Cold War appears to reflect the same move
toward “gadgeteering” that Paul Forman has documented in US physics.! After the
communist revolution of 1949, many Chinese scientists who had previously pursued
research in basic science began working instead on topics with immediate and
direct potential applications. Entomologists shifted their focus from insect classifica-
tion to insect control.? Physicists turned from research on theoretical questions to
focus on developing China’s weapons program.®* When the political winds blew just
right, influential scientists did manage to secure for basic science some level of
state support, without which such research would have been impossible not only
financially but also politically.* And some research areas had little hope for applica-
tion but for ideological reasons nonetheless retained political favor even during the
most anti-intellectual periods.> Overall, however, the move toward applied science
in post-1949 China appears to be beyond dispute. Can we then say that the Cold
War transformed science in China by causing a shift from basic to applied science?
Only provisionally. More even than is generally the case in historical studies, the shift
to applied science in China was profoundly overdetermined. Furthermore, “basic”
and “applied” have a history that belies their deployment as naturalized categories.
We know something of this history for the United States®; here I will discuss how it
unfolded in socialist-era China, where what counted as “science” was even more
subject to reinterpretation.

The relationship between basic and applied science emerged as an important con-
cern in the revolutionary era as communist forces in the rural base areas struggled to
develop necessary industrial and agricultural resources for use in the anti-Japanese and
civil wars.” However, discourse on this relationship cannot be disentangled from
myriad other concerns of the day. The decision to emphasize applied science was
thoroughly intertwined with other, mutually reinforcing priorities, including the cel-
ebration of native techniques, mobilization of the masses, loyalty of scientists to the
party-state, and achievement of self-reliance. By October 1, 1949, when Mao declared
victory in Beijing, applied science carried the cachet of eschewing the ivory tower and



76 Schmalzer

securing China’s liberation from foreign domination and feudal tradition by harness-
ing the knowledge of China’s peasant masses. To capture this cluster of concerns, I
would like to shift our focus away from the basic/applied dichotomy that informs our
understanding of Cold War US science and instead employ “self-reliant science” as
the overarching category most relevant to the case of China during the Cold War.®

The definition of science found in the materials explored here may not fit Western
scholars’ assumptions about distinctions between science and technology. Indeed,
science vs. technology was not nearly as important a contradiction in Mao-era dis-
course as were the contradictions between foreign and native, theory and practice,
and, by the late 1950s, expert and red. I use the word ‘science’ as an actors’ category—
that is, as it appears in the Chinese sources under investigation. As we will see, “sci-
ence” in Mao-era China came to include activities far removed from understandings
of the word dominant in capitalist countries. Even the collection and application of
manure could count as “scientific farming,” and horse breeding gained the noble
appellation “scientific experiment.” At the same time, we should not assume that the
celebration of such practical activities as “science” arose from a purely utilitarian ideol-
ogy. Rather, self-reliant science encompassed both an emphasis on practices of direct
benefit to production and a decidedly non-utilitarian embrace of science as an agent
of cultural revolution, i.e., a force capable of liberating society from oppressive old
ways of thinking.

Returning to the problem of overdetermination, the dominance of “self-reliant sci-
ence” and its component parts cannot be explained solely through reference to geo-
political patterns: a quick series of counterfactual tests clearly demonstrates the limits
of a Cold War explanation. Even in the absence of conflict between the United States
and the Soviet Union, a focus on application would have been of obvious practical
importance for China as an impoverished “developing” country. Here China could
readily be compared to any other country that faced immediate economic needs and
had embraced a development ideology, whether socialist or capitalist.” Moreover,
ideology—significant everywhere—played a far more explicit role in shaping science
policy in socialist-era China than in the United States or even the Soviet Union, which
was by the 1950s more technocratic than revolutionary.'® Applied science, mass mobi-
lization, and related priorities would—Cold War or no Cold War—have carried ideo-
logical significance in China. Mao’s influential essay “On Practice” would still have
provided the needed inspiration (and intimidation) for scientists to frame their scien-
tific work in practical terms.! At the same time, and perhaps even in the absence of
Maoist ideology, China’s experience suffering more than 100 years of imperialist
aggression—from the first Opium War through the War to Resist America and Aid
Korea—would still have offered more than sufficient nationalist ideological incentive
to celebrate the virtues of self-reliance through the development of native technical
resources.
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All these qualifications aside, Cold War geopolitics undoubtedly intensified such
emphases. This chapter will thus examine the Cold War’s effects on Chinese science
within a web of related historical themes stretching back before the 1949 revolution
and with attention to China’s peculiar position during the Cold War.'? Specifically,
it will show that China’s relative isolation during certain periods of the Cold War
intensified the emphasis on self-reliance in science. Moreover, and despite the actual
importance of transnational influences (as aptly recounted in Zuoyue Wang’s contribu-
tion to the volume), the power of this representation fostered a belief in a uniquely
socialist-Chinese approach to science.’* With roots in the pre-1949 revolutionary
period, this idea crystallized in 1958 and became even more sharply articulated
through the international exchanges of the 1970s as foreign scientists eager to bring
home exotic epistemologies participated in the promotion of Chinese uniqueness. In
at least a few cases, such claims to uniqueness went beyond shaping the way people
talked about science to change the actual character of scientific knowledge produced
in Cold War China. Because the emphasis on self-reliance arose from directives of the
Party Center, we find references sprinkled regularly through the discourses of all sci-
entific fields. For this reason, I will offer examples from a number of areas explored
in the secondary literature (including medicine, nuclear science, and bio-chemistry)
in addition to a more thorough exploration of one area (agricultural science) that
relates to my own current research.

Alternative Time Lines

The Cold War in China did not follow the pattern suggested by the “Cold War I and
Cold War II” scheme advanced by Fred Halliday and embraced by historians of science
such as Paul Edwards and Peter Westwick.!* To make sense of China’s experience, it is
necessary to take at least two other time lines into account. The first follows China'’s
changing position relative to the major Cold War powers: In the 1940s, the Chinese
communists had uneasy relationships with both the United States and the Soviet
Union; the 1949 revolution ushered in a period of “Soviet learning” that began falling
apart in the late 1950s; after the Sino-Soviet split (c. 1960), and escalating with the
Vietnam War, China maintained hostile relations with both major powers; beginning
in 1971, China and the United States began cultivating a “friendship,” culminating
in normalization of relations in 1979; and in 1989, the first visit to Beijing by a Soviet
head of state in thirty years was disrupted by the Tiananmen Square protests. The
second time line tracks China’s internal political changes—especially the Great Leap
Forward (1958-1960), the post-Leap retreat of Mao and other radicals, the Cultural
Revolution (1966-1976), and the 1978 rise of Deng Xiaoping, who developed a pro-
gram of “modernization” (which had long been sought by other moderates) along
with the new proposition of “market socialism,” and whose 1989 crackdown on
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democratic protest signaled that Communist Party control in China would far outlast
the celebrated “end” of the Cold War.

However, placing China in the greater international context of a Cold War chronol-
ogy does present an important opportunity: it may help to break China scholars of
the habit of seeing everything through an internal Chinese political framework. Most
critically for our purposes here, China scholars are not accustomed to thinking about
science as a part of the radical politics of Mao-era China. Rather, the standard histori-
cal narrative follows a pendulum-like alternation between “radical” periods (the Great
Leap and most of the Cultural Revolution) during which political struggle stifled intel-
lectual pursuits and economic development, making science virtually impossible, and
“moderate” (or technocratic) periods during which steadier minds (especially those of
Zhou Enlai, Liu Shaoqi, and Deng Xiaoping) prevailed and more liberal policies
rekindled the hopes of beleaguered scientists.'s

David Zweig, for example, depicts Maoist “radical policies” on agriculture to have
been “fueled by an anti-modernization mentality that saw economic development as
the antithesis of revolution.”!® Formerly sympathetic to Maoism, Zweig became disil-
lusioned after the death of Mao and the fall of the “Gang of Four,” and turned to mod-
ernization and rational choice theories to explain what went wrong.'” Earlier analyses
of Mao-era agricultural policy framed the history differently, and so found a great deal
of continuity across radical and moderate periods. Writing in 1973, Benedict Stavis
marked 1960-1962 as the watershed moment when China embarked on a “technologi-
cal transformation of agriculture” that he found to be still going strong when he vis-
ited China in the early 1970s."® We now know much more about 1960s and 1970s
China than Stavis was able to see; nonetheless, his conceptual frame helps to make
sense of the history of agricultural science in socialist China. Indeed, the move to
develop “scientific farming” (kexue zhongtian) began around 1961, during the heyday
of the “moderate” technocrats, came into its own amid the intensifying radical politics
of 1965, flourished throughout the Cultural Revolution, and remains relevant even
today.” The “green revolution”—so much a part of the United States’ engagement in
the Cold War—thus progressed along much the same time line in China as elsewhere,
and it did so in the very middle of China’s continually unfolding “red revolution.”

In fact, Maoist radicals were deeply committed to modernization and science; they
just defined these goals differently. The Cold War thus presented at least three compet-
ing development paradigms, constructed in conscious comparison and contrast with
one another. The first was the Leninist model of state-led economic development,
based on a specific reading of Marxist philosophy of history and social development.
The attractiveness of this model among Third World nations alarmed many academic
and political leaders in the United States, inspiring Walt Rostow’s tremendously influ-
ential “non-communist manifesto” The Stages of Economic Growth (1959). The parallels
between Leninism and US modernization theory are clear.?° Both were committed to
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modernization through technological development, and both depended on determin-
istic expectations that development would proceed through specific “stages.” Though
Mao considered himself a Leninist, his economic and political program—and the self-
reliant “mass science” that went with it—departed in dramatic ways from moderniza-
tion as pursued in the Soviet Union. Frustrated with the bureaucratic and technocratic
structures of authority that formed in China during the period of Soviet learning, and
with the rigid expectations of “stages” that slowed China’s progress toward commu-
nism, Mao sought in the Great Leap Forward to abandon the determinism of staged
growth and instead embrace a voluntarist faith in the power of the masses to channel
their collective revolutionary will into rapid achievement of a truly communist
economy.

My argument here is that acts of comparison and contrast similarly served as causal
forces in transforming scientific practice. The Cold War created an expectation of
ideological difference that was supposed to permeate even science. We see this clearly
in several of the other contributions to this volume—for example, in Elena Aronova'’s
treatment of Soviet philosophy of science and George Reisch’s analysis of McCarthy-
ism and the Intelligent Design movement in the United States. In China, a specific
approach to science based on a cluster of related values—self-reliance, application,
mass mobilization, nativism—emerged in a context of perceived isolation from the
superpowers and then gained strength through repeated acts of contrast with Ameri-
can and Soviet examples. In the context of the Cold War, Maoist “self-reliant science”
was meant to bolster domestic confidence in Chinese socialist science and also to offer
an alternative model for Third World countries.

Revolutionary Roots

China’s approach to science during the Cold War owed much to the experiences of
the Chinese Communist Party during the 1940s as it struggled to mobilize people in
the revolutionary base areas to fight two wars: the War of Resistance against Japan
and the Civil War against Chiang Kai-shek’s Nationalist Party.?! With the emerging
leaders of the Cold War either outright supporting Chiang Kai-shek (in the case of the
United States) or at least committed to a policy of non-aggression with him (in the
case of the Soviet Union), Chinese communists determined that the only sure course
lay in the development of indigenous resources—material, methodological, and
human—to meet pressing economic and military needs. In the revolutionary “cradle”
of Yan’an, the commitment to self-reliance, applied science, native methods, and mass
mobilization became intertwined in ways that were to last throughout the Mao era
(1949-1976).2

In 1939, Chinese communists responded to an economic blockade by launching a
movement for self-reliance in industry and defense.?® Scientific knowledge had an
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obvious and important role to play in developing the means to produce such material
necessities as matches, soap, candles, and explosives. Despite the inevitable orienta-
tion toward practical applications that this situation implied, for several years the
Party maintained a commitment to basic scientific knowledge. This changed in mid
1942 with the major political upheaval of the Party Rectification Movement. As Mao
was consolidating his power through criticism of “bourgeois” intellectuals and Party
officials associated with the Soviet Union, the scientific leadership also underwent a
profound shift.

Xu Teli was the head of the Natural Science Institute in Yan’an. His approach was
rooted in a belief that teaching and research in basic science formed a necessary foun-
dation for the development of revolutionary China’s science and economy. The com-
mitment to following the masses and learning from practical experience that came
with Rectification doomed Xu's program. The chairman of the biology department at
the Natural Science Institute, Le Tianyu, had embraced an approach far more consis-
tent with what was newly in vogue. His success in establishing a factory for producing
beet sugar entirely with local beets and handmade equipment had already made him
something of a “local hero.”?* During the Rectification Campaign, Le took advantage
of the political wind to argue for his own work as the model that the entire Natural
Science Institute should follow. Le’s criticisms focused on the institute’s use of foreign
textbooks, which was at odds with Mao’s emphasis on self-reliance and learning
through practice. In contrast, under Le’s direction, the biology department required
students to go among the peasants, learning from them how to manufacture dyes and
medicines from local plants. This was applied science that mobilized the masses and
made full use of local resources. Many faculty members and students rallied to defend
Xu and basic science, but by early 1943 Le’s approach to science had won the day,
and the Natural Science Institute became a part of Yan’an University, which was fully
controlled by the Party.?

Beyond agriculture and industry, the intertwined themes of self-reliance and nativ-
ism also profoundly influenced the field of medicine in the revolutionary base areas.
Acupuncture in particular emerged as an indigenous practice that served the need for
a self-sufficient medical system: requiring only needles and knowledge, acupuncture
helped reduce reliance on medicines made scarce by the blockades. Developing Chi-
na’s native medical practices was not a rejection of “Western science”; in fact, Mao
and others remained deeply committed to weeding out superstition, and in this sense
the encouragement of native doctors—including so-called witch doctors—posed a
potential problem. Thus, the approach established in this early period, which remained
vitally important in later decades, centered on mobilizing local resources and adapting
characteristically Chinese methods to achieve goals—modern science, public health,
economic development—that were understood to be universal.?
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The Sino-Soviet Split and the Second Wave of Self-Reliant Science

In 1949, the victory of the Chinese Communist Party in the Civil War appeared to
change everything. Gone were the blockades that cut the communists off from major
industrial centers. Communist schools joined a substantial existing educational net-
work, including Qinghua University and Peking Union Medical College, whose deep
connections to the United States were now officially severed.?” Perhaps most impor-
tantly, the Soviet Union moved from being a reluctant sponsor to an “elder brother,”
and China’s foreign policy moved in response from “emphasizing self-reliance” and
“depending on our own organizational power” (as Mao famously said in 1945) to
“leaning to one side” (i.e., toward the Soviet Union).?

During the period of Soviet learning (1949-1960), China received guidance from
resident Soviet technical advisors in almost every field of the natural and social sci-
ences. In biology, the Soviet Union immediately and insistently promoted Lysenkoism,
which in China was called “Michurinism” after the man whose experiments had
inspired Trofim Denisovich Lysenko.?” This wasn’t surprising: Lysenko had won his
greatest battle in 1948, and in 1949 he was riding high on Stalin’s support. Lysenko’s
chief Chinese proponent after the revolution was none other than Le Tianyu. Le’s
Yan'an-era ideas about science bore striking similarity to some of the more radical,
peasant-based programs underway in the Soviet Union since the 1920s—the very
approaches that had given Lysenko his start.?® To what extent these precedents had
influenced Le isn’t clear, but in the early 1940s Le articulated his own peasant-based
approach to science without highlighting Soviet examples. This is our third non-
surprise: the Rectification Campaign was an important episode in Mao’s struggle to
chart a path away from Soviet leadership; reference to Soviet examples would hardly
have served Le’s purpose at that time. And, as we will see, the other two high points
for Maoist “mass science,” the Great Leap Forward and the Cultural Revolution, also
were periods of rupture between Mao and the Soviet Union. Noticing this pattern,
Laurence Schneider has concluded that “if Soviet Lysenkoism had not existed, the
CCP would have invented something like it on its own.”?' I would add that it was
important for Chinese radicals, no matter what the actual influence of foreign scien-
tific models, to project an explicitly native, self-reliant form of mass science. (Here we
see again the phenomenon of overdetermination.)

Despite the extraordinary level of Soviet assistance and the pervasive rhetoric about
treating the Soviet Union as an “elder brother,” Mao appears never to have fully lost
his sense that ultimately China could rely on nobody but the Chinese people them-
selves. In 1955, bristling at the Soviet Union’s unwillingness to share nuclear technol-
ogy, Mao spoke of his commitment to developing nuclear energy “even if we have to
do it on our own.”?** Sino-Soviet scientific collaboration continued until the final
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departure of the technical advisors in 1960, and the existence of 120 cooperative
scientific agreements signed in 1957 and 1958 indicates that some people at least
continued to see a future in the alliance.*®* But by 1958 Mao clearly had already
launched China on a different path.

The Great Leap Forward (1958-1960) represented a bold departure from Soviet
guidance. The rhetoric of self-reliance, application, nativism, and mass mobilization
defined Mao’s alternative vision. Although political agendas shifted substantially on
several occasions,** this “Maoist” approach to science exerted enormous influence
from the Great Leap Forward through the Cultural Revolution. And, importantly for
our purposes here, after the Sino-Soviet split state policy and propaganda materials
consistently identified this approach to science as evidence of China’s commitment
to upholding true revolutionary values, specifically in contrast not only with the
“imperialist” United States but also with the “revisionist” Soviet Union. (On what Mao
saw as “Soviet revisionism,” see the chapters by Aronova, Schmidt, and Siddiqi.) Fig-
ures 3.1 and 3.2 chart the occurrence of relevant terms in People’s Daily. As the major
popular organ of the Chinese Communist Party, People’s Daily offers a helpful indicator
of the state’s priorities—more specifically, what the state wanted the people as a whole
to view as priorities.?® This admittedly crude methodology nonetheless offers an indi-
cation of the relationship between self-reliance and the Cold War time line that would
otherwise be difficult to capture. References to “self-reliance” (zili gengsheng) and
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Figure 3.1

Incidence of Chinese terms for “self-reliance” and “self-reliance” + “science” in People’s Daily.
Lighter curve represents zili gengsheng (“self-reliance”); darker curve represents zili gengsheng +
kexue (“self-reliance” + “science”).
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Figure 3.2

Incidence of Chinese terms for “native methods” and “native methods” + “science” in People’s
Daily. Lighter curve represents tubanfa (“native methods”); darker curve represents tubanfa + kexue
(“native methods” + “science”).

“native methods” (tubanfa) both skyrocketed from 1958 to 1960 with the Great Leap
Forward and Sino-Soviet split, peaked again with the mid 1960s escalation toward the
Cultural Revolution, and peaked yet again beginning in 1969 when Sino-Soviet rela-
tions took another turn for the worse.

I am not arguing that Mao-era scientific research was in fact utterly self-reliant. In
view of China’s extensive connections to transnational science (again, see Zuoyue
Wang’s chapter), it would be hard to claim that any area of Mao-era scientific research
arose independently. Even acupuncture moved in new directions because of foreign
influence.*® Claims to “self-reliance” thus must be read critically. Even recent works
by Chinese historians of science continue to display very clearly the nationalist stakes
involved in debating the relative roles of foreign and Chinese in scientific achieve-
ments. Liu Jifeng, Liu Yangiong, and Xie Haiyan, for example, devote an entire appen-
dix in their book on Chinese nuclear science to the question of Soviet assistance.
After outlining precisely what types of personnel, training, and material support the
Soviet Union provided, they conclude that the Soviet Union acted as a kind of guide,
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pointing out the right direction, and so prevented the Chinese from wasting too much
time on detours, but that it was the Chinese, through their own “gropings,” who
managed to resolve the crucial problems.?” Yet self-reliance was not merely a rhetorical
curtain obscuring dependency; the Chinese state really did face greater obstacles in
pursuing scientific research because of its relatively isolated position during the Cold
War. And the rhetoric that was crafted to turn that harsh reality into something osten-
sibly positive had tangible consequences for the approaches to science that the state
supported.

The shift back to emphasizing self-reliance in science that occurred in the late 1950s
took two somewhat different forms, one of which may be characterized as high-
technology “big science” and one as low-technology “mass science.” On one hand,
the fetishizing of “bigness” that occurred during Great Leap era undergirded massive
investment of resources into select projects, including the manufacturing of synthetic
insulin and the development of nuclear weapons. In medicine and agriculture, on the
other hand, the emphasis was on large-scale mobilization of “the masses” (and espe-
cially the peasant masses), employing “local” (fu) methods to surpass the achievements
of the world leaders in both capitalist and communist spheres. The term tu referred
potently to self-reliance on several levels: it connoted not only the immediate vicinity,
but also “native” (as opposed to yang, which meant “foreign”) and also “earthy” or
“crude” (thus associated with peasants in contrast with elite intellectuals).

The decision to make the synthesis of insulin a priority came in 1958, and victory
was pronounced in 1965. As described by Xiong and Wang, the project exemplified a
specific Mao-era style of scientific research, which included a “military flavor,” massive
mobilization of human resources, influence of ideology, and heavy emphasis on plan-
ning and secrecy**—a kind of Cold War science with Chinese characteristics. Early in
the project, the theme of self-reliance became prominent. Following the Party’s lead,
students in Beijing University’s chemistry department criticized their professors’
“Western slave mentality” and other faults.* When a team at Fudan University
appeared to be on the verge of achieving synthesis of insulin’s A and B amino acid
chains, a high political official declared: “Some people say that what foreigners can't
accomplish, Chinese people can never accomplish. Today we can say that Chinese
people alone have accomplished something that foreigners have failed to do.”*°

In later years, China’s success in manufacturing the world’s first synthetic insulin
became a shining example of self-reliance. A 1968 article in the People’s Daily was titled
“Self-reliance, Overtaking Advanced World Levels: Ousting the Chinese Khrushchev’s
‘“Western Slave Philosophy.””#! (The “Chinese Khrushchev” was Liu Shaoqi, a former
president and the most important early casualty of the Cultural Revolution, who had
been targeted for his technocratic and internationalist political approach.) Another
article, published in 1974, recounted the triumph of synthetic insulin even in the
absence of the necessary raw materials of amino acids: “Researchers self-reliantly
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organized their own factory. With no foreign equipment available, they adopted native
[tu] methods, and fighting bravely for several months were able to produce in the
laboratory more than ten kinds of amino acids. With self-reliance and patriotic fervor,
they ended in synthesizing the world’s first entirely biologically active protein, crystal-
line bovine insulin.”** Not emphasized in such articles was the continued significance
of transnational connections. As Wang discusses in his chapter, many of the scientists
involved had returned to China after receiving their degrees in the West.*

The year 1958 also brought a profound shift in nuclear science. Already prepared
to “do it on our own,” Mao began talking more directly about developing a uniquely
Chinese approach to the problem. In mid 1958, Mao approved eight guidelines for
developing nuclear weapons; the fourth guideline specifically warned against “imitat-
ing other countries” in the effort to “catch up to world levels.” The central concept,
in a nutshell, was that the goal was assumed to be universal, but the methods used
to get there would be Chinese. In a speech to military officials, Mao criticized the
Soviet approach: “At present, the things worked out by the Soviet military advisers
(such as operational plans and thinking) are all of an offensive nature, based on vic-
tory; no provision is made for the defensive and for defeat.” Pointing to the strength
of China’s indigenous military strategies, Mao argued that “we don’t have to learn
from the Soviet Union.”* The link between self-reliance and applied science was as
tight then as it had been in 1942. In 1960 Chinese physicists working in the Soviet
Union met to discuss Mao’s call to embrace self-reliance. They wrote a joint letter to
the State Council approving of the plan and pledging to “change their professions to
meet China’s need even at the cost of giving up research on basic theory in which
they had been engaged.”*

Like the synthesis of insulin, the development of nuclear weapons involved massive
deployment of technical and human resources. Moreover, nuclear physics was also
relatively insulated from political upheaval. The natural sciences in general suffered
less than the humanities and social sciences, but nuclear physics—along with weapons
research more generally—was especially privileged in this way. The combination of
great state investment and shielding from political campaigns resulted in China’s own
version of “big science,” which produced the “two bombs, one satellite” program,
including Qian Xuesen'’s famous “Silkworm” missile.*®

Even in this biggest of big sciences, the local, the crude, and the masses played
important roles. One big hurdle that Chinese nuclear science had to overcome was a
lack of uranium. Just as the state organized peasants in the Great Leap to create “back-
yard furnaces” in an attempt to surpass the British in steel production, it also asked
them to collect and prepare uranium. A People’s Daily article provides insight into
what uranium mining probably looked like. In developing smelting facilities, Sichuan
Province “sought out local methods [tubanfa] that fully relied on local folk technologi-
cal power and were crude and simple, and so economically organized production.”
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Local mudstone was used to make the furnaces, and the technicians were all local
people.*” Despite considerable waste of resources and pollution of local environments,
scientific personnel remember the significant contribution such activities made in
providing the nuclear program with uranium.*® The spirit of self-reliance reportedly
inspired technicians at the nuclear testing site, too—they sought to make the base
self-sufficient by manufacturing monitoring instruments on site with available
materials.*

In other branches of physical sciences too, native and crude methods gained
ground. An article published in the People’s Daily in October of 1958 began with the
common Great Leap expression “uniting native and foreign” (fu yang jiehe), then
argued that the “native” could replace and even create the “foreign,” as was the case
in Beijing University’s physics department, where young professors and students used
native smelting methods and native materials to manufacture an electrostatic particle
accelerator. “If foreign experts [yang zhuanjia, meaning experts in ‘foreign’ types of
knowledge] take frequent breaths of ‘native’ [tu] air, this will help break the fetters of
dogmatism and prevent the ossification of thought.”s°

The local and crude side of self-reliance found far greater expression in other fields.
During the Great Leap Forward, the renewed emphasis on self-reliance created unprec-
edented interest in Chinese herbal medicine and acupuncture, and even in the kind
of “home-grown remedies” that Mao had once associated with “witch doctors” and
superstition. This was also the period when local people trained in primary care—
known in the Cultural Revolution as “barefoot doctors”—became an important com-
ponent of the health-care system.’! Here again we find the tight interweaving of
self-reliance, indigenous knowledge, “crude” (tu) methods, and mobilization of local
peasants that emerged from the revolutionary experience and became the hallmark
of “mass science” during the Cold War.

Just as the term tfu acted multivalently to forge conceptual links among native,
local, and crude, the nationalist rhetorical power of “self-reliance” simultaneously
worked to encourage local economic independence. That is, the state used the slogan
“self-reliance” to urge not just making it without foreign help, but also making it
without assistance from the central state or other regions. In 1970, when the Red Flag
Canal required maintenance, People’s Daily reported that local revolutionary cadres
struggled with representatives of the “traitor” Liu Shaoqi and class enemies, saying:
“Are we moving forward or abandoning it? Are we self-reliant or depending on the
nation-state? Are we using ‘native’ [‘tu’] construction methods by making do with
local materials, or are we using ‘foreign’ [‘yang’] methods of reinforced concrete? Are
we mobilizing the masses, or blindly believing in a few ‘experts’?”2 Thus the isolating
context of the Cold War lent a patriotic energy to the notion of self-reliance, which
in turn served the Chinese state’s domestic needs, both by spurring scientific innova-
tion and production and by dissuading people from expecting too much from the
central government.
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“Self-Reliance and Arduous Struggle”: “In Agriculture, Learn from Dazhai”

Agriculture offered perhaps the richest field for the growth of self-reliant mass science.
Increasing dependence on agro-chemicals (nongyao) had caused demand to outstrip
supply. A number of different approaches, involving not only scientists in research
institutes but also rural political leaders and grassroots experiment teams, addressed
this mounting problem. Scientists at universities and institutes developed biological
control regimens to reduce the need for chemical insecticides.®® Experiments replacing
“foreign chemicals” with “native chemicals” further uncovered a wide assortment of
locally available materials useful in combating insect pests.>* At agricultural confer-
ences, local leaders trumpeted the success of “poor and lower-middle peasants” in
demonstrating through scientific experiment the effectiveness of green-fertilizing
crops such as Chinese milk vetch (ziyunying) in resolving fertilizer problems and
achieving self-reliance.>> Labor-intensive observation of insect activity, often known
as “insect pest forecasting,” helped peasants time the application of chemicals for
optimal efficiency and thus husbanding of this precious resource. Here the knowledge
of “old peasants” sometimes proved invaluable (and was almost always said to be
invaluable, whatever its actual worth).5¢ The manual elimination of insect pests and
their eggs was another technique consistent with a program of mass mobilization and
self-reliance, as was the establishment of “local-method” (fufa—and here the meaning
of “crude” is clearly indicated) factories for producing microbial agents to combat
insect pests.’” And throughout the 1960s and the 1970s, rural experiment teams used
simple, locally available resources to produce certain agro-chemicals, the most com-
mon being the plant hormone gibberellin (called 920 in Chinese) and a microbial
fertilizer known as 5406.%8

But in agriculture, perhaps more clearly than in any other field, the call to be self-
reliant meant not just socialist Chinese independence from untrustworthy world
leaders, but still more the need for locales to make do without assistance from the
central state. And so requests for funding the “mass movement for scientific experi-
ment” highlighted plans to “organize the development and production of simple local
[tujian] instruments” such as light-traps for monitoring insects and soil analysis instru-
ments.’” In the other direction, memos announcing the distribution of funds for
scientific experiment often included encouragements to realize the slogans of “self
reliance, arduous struggle” and “practice thrift, using less to do more,” or exhortations
to be “self reliant, with the spirit of diligence and thrift, practicing meticulous plan-
ning and careful accounting, and being conscientious in management and use [of
funds].”®

The slogan “self-reliance, arduous struggle,” often associated with the “Yan’an
spirit” and immortalized as a chapter title in the “little red book” of Mao quotations,
gained its greatest currency with the policy “In agriculture, learn from Dazhai” (nongye
xue Dazhai). Dazhai was a production brigade in the northern province of Shanxi
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celebrated for its success in building terraces to reclaim mountainous land for agricul-
ture. After 1967, Dazhai was the most important agricultural model in China until its
leftist foundations were repudiated early in the Deng era. Countless local political and
scientific leaders visited Dazhai to learn about mobilizing the masses and organizing
agricultural production. Often they returned to their locales to impose Dazhai-like
terracing programs or to institute the policy of “taking grain as the key link”—the
growing of grain instead of other crops so as to achieve local self-sufficiency. And often
these projects, poorly suited to local conditions, wreaked havoc on local environments
and economies.®! The bitter irony of this case was that Dazhai’s remarkable success
owed not just to local ingenuity and hard work, but also to generous state subsidies
designed to create a glowing example for the rest of China and the world. However,
it would be a mistake to emphasize the disastrous effects of the “Learn from Dazhai”
movement without also noting the ways in which calls for self-reliance often helped
in resisting inappropriate imposition of external models. Propaganda materials fre-
quently highlighted the need for attention to the environmental conditions of specific
places. Experiment teams at the village level were often called upon to test seeds from
other places for local suitability or even to produce new hybrid strains tailored to local
conditions. Here was the epitome of self-reliance: local people breeding local plants
using locally available resources.®

Creative use of limited resources was a repeated theme in propaganda designed to
inspire the development of “scientific farming.” Scientists, young peasants, and urban
youth “sent down” to the countryside had to make do under crude working condi-
tions. In a story published in 1966, a “sent-down” youth hybridized two existing
strains of rice, “Nation’s Wealth” and “Atomic #2” (note the nuclear connection) in
1958. He followed directions found in an agricultural textbook, but because he did
not have access to a thermometer or a watch he used his fingers to test the temperature
and the school bell to measure the time.®® A report delivered at a 1965 Beijing-area
conference on rural scientific experiment groups named “self-reliance and arduous
struggle” a “fundamental policy” in “mass scientific experiment activities” and called
upon all participants to “conscientiously implement this policy and study and develop
the spirit of Dazhai.” Leaders should provide some necessary support, but otherwise
they should “encourage group members to take initiative” in devising ways of produc-
ing “crude and simple” (yinlou jiujian) equipment and “replacing the foreign with the
local” (yi tu dai yang). In some places, the scientific experiment groups were using test
tubes as levels, cooking pots as kilns, and ceramic plates as Petri dishes.®

The specific terminology used to discuss agricultural science was indicative of the
revolutionary refiguring of scientific practice in Cold War China. According to Mao
in 1963, “scientific experiment” was one of the “three great revolutionary move-
ments” that would protect Chinese socialism from bureaucracy, revisionism, and
dogmatism—a clear reference to China’s split from the Soviet Union.% But “scientific
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experiment” did not necessarily mean scientists in ivory towers with lab coats, or even
research in the pursuit of new generalizable knowledge. Despite significant interrup-
tions from political campaigns, the kind of professional research international scien-
tific communities would recognize continued in research centers around the country,
and the knowledge those centers produced served agriculture in important ways.
However, the notion of “scientific experiment” encompassed a much broader variety
of activities. For example, the production of plant hormones and microbial fertilizers
counted as “scientific experiment.” Such activities required basic laboratory skills, but
they were not “experiments” in the conventional sense. The goal was not to produce
new scientific knowledge, though the participants certainly acquired new knowledge
in the process of production, and the challenge of using only crude, locally available
resources created a degree of unpredictability and thus an aura of “experiment.” Some
projects, such as the testing of new seed varieties and the production of new hybrids,
were more clearly experimental. Others (soil improvement through application of
manure, weather prediction, pest observation and control, troubleshooting malfunc-
tioning machinery, animal husbandry) were perhaps less so. Claiming these often
mundane practices as “scientific experiment” was itself a revolutionary act that
brought science down from the ivory tower and into the realm of rural laborers.%

Science was also revolutionary when pursued in defiance of traditional prejudices
and class enemies. In 1971, a group of ten women of the minority Zhuang nationality
established the March Eighth Agricultural Science Group (named after International
Women’s Day). Their average age was 19. According to an article in an agricultural
science journal, the young women plowed and fertilized, braving inclement weather
and the sexism of class enemies to get sand from a river, fertile mud from caves, and
manure from the noisome manure pit. Through such “scientific farming,” they trans-
formed the hardened clay fields into fertile land again.®” Women who worked with
livestock risked sexually charged verbal abuse. A report from a 1965 conference on
rural youth in scientific experiment reported that some people scolded young women
engaged in livestock breeding, saying “You spend all day mating donkeys and horses.”®
Practicing scientific agriculture was said to be a way of overthrowing sexism and con-
servative thinking.

The vast majority of available materials documenting agricultural scientific work
during the Mao era are state documents and propaganda; they are useful for under-
standing how the state sought to portray agricultural science. However, there is also
evidence to show how fluently people spoke the state’s language on science. The
published diary of Shen Dianzhong, who was among the approximately 14 million
urban youth “sent down” to engage in agricultural work during the Cultural Revolu-
tion, contains detailed descriptions of his participation in “scientific experiments”
involving gibberellin and microbial fertilizer. On June 13, 1972, after more than a year
of emotional hardship coping with the difficulties of the work and the frequent failure
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of the experiments, Shen wrote an extensive summary of his experiences. His second
itemized point (after an initial reference to using Mao Zedong Thought and uniting
theory with practice) read “920 [gibberellin] work brings into play the proletarian
revolutionary spirit of using local methods, starting from scratch, self-reliance, hard
work, not fearing failure, and overcoming hardships.” He continued: “Local methods
and starting from scratch: you just have to look at the conditions, facilities, equip-
ment, materials (cailiao), raw materials (yuanliao), operations, etc. over the course of
one year [of experiments], and you will understand this point.” As for “self-reliance
and hard work,” he noted that almost all the activities were accomplished during
midday siesta or in the evening, which went to show that “a revolutionary spirit
infused all the work.”®

Sino-US Rapprochement and the Production of Socialist-Chinese Uniqueness in
Science

A world removed from Shen Dianzhong’s rural laboratory, a major geopolitical shift
was underway. In 1969, tensions between China and the Soviet Union came to a head,
and Mao began to seek renewed relations with the United States. Rapprochement
meant not just strategic partnerships but also opening doors to cultural and scientific
exchange, not just with the United States and other Western countries but also
through the United Nations. China’s admission to the UN in 1971 allowed for partici-
pation in international scientific collaboration to a degree that its unique position in
the Cold War had previously made impossible.

One might expect that the dramatic change in China’s global position would have
resulted in an equally dramatic decrease in the emphasis on “self-reliance” in socialist
Chinese science. Significantly, that was far from the case. In figure 3.1 we see that
incidence of the term “self-reliance” shoots up in People’s Daily articles in 1969 and
remains high through 1977 before plummeting in 1979, after Deng Xiaoping took the
reins. Figure 3.3 shows a propaganda poster from 1975 articulating messages virtually
indistinguishable from the discourse on self-reliance and scientific experiment of ten
years earlier. The reports of dozens of American visitors (delegations of scientists,
journalists, activists, and others lucky enough to secure invitations) during what we
might think of as the courtship period of the 1970s are filled with references to China'’s
consistent emphasis on “self-reliance.””® Figure 3.4, an impressive example of the
Chinese art of paper-cutting purchased by an American visitor in 1978, represents
Maoist perspectives on rural production and scientific experiment. The palm trees
suggest a southern locale, but the emphasis on terracing clearly indicates the move-
ment to “learn from Dazhai” in order to achieve self-reliance in agriculture.

Self-reliance thus remained a badge of honor for Chinese science; moreover, it was
promoted as the basis for a uniquely socialist-Chinese style of science from which
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Figure 3.3

The sixth of a set of 1975 posters designed to be displayed in common areas of communes around
China to inspire scientific experimentation. The title translates to “Self-Reliance; Scientific
Research through Hard Work and Frugality.” The upper text celebrates the policy of “self-reliance
and arduous struggle” and praises the county of Huarong for “persistently drawing on local
resources, using local methods, and improvising equipment, such that they met the needs of
agricultural scientific research and drove forward mass-based scientific farming activities.” The
explanation for the left picture reads: “In spring 1971, in order to popularize cultivating seedlings
in greenhouses, Huarong County established a ‘model’ greenhouse, but because it was too expen-
sive to build, they couldn’t popularize it. Xinjian Brigade in Xinhe Commune substituted mud
bricks and wood for red bricks and reinforced concrete, membrane to replace glass, and reeds for
seedling trays, thus spending little more than 10 yuan. This kind of ‘native [fu] greenhouse’ was
warmly welcomed by the masses and very quickly became popularized throughout the county.”
The explanation for the right picture reads: “At each level of the agricultural science organization,
the masses are mobilized to select methods that are crude and simple, substituting the native
for the foreign, and in this way resolve the equipment needs of scientific experiment. They use
[old-fashioned] balance scales to replace [scientific] scales, clay bowls for seedling containers, and
warming on the stove in place of incubators. These are educated youth from Jinggang Commune
using clay bowls to conduct scientific experiment.” Source: Xinhua tongxun she, ed., Dagao kexue
zhongtian, jiasu nongye fazhan: jieshao Hunan Huarong xian siji nongye kexue shiyan wang [Greatly
Undertake Scientific Farming, Accelerate Agricultural Development: Introducing Hunan Province, Huarong
County’s Four-Level Agricultural Scientific Experiment Network] (Renmin meishu chubanshe, 1975).
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Figure 3.4

A paper-cut (18 x 32 inches) depicting the transformation of agriculture in socialist China. Most
of the activities represented are related to the construction of terracing to reclaim mountainous
land for agriculture, but in the lower left corner we see two people engaged in scientific experi-
mentation, one using a microscope and the other pouring a liquid through a funnel into a flask.
(See detail at right.) In the full image, note the weathervane above the experiment station—
weather prediction and reporting were sometimes the responsibility of local scientific experiment
groups. Collected by Britta Fischer on a 1978 tour of China organized by the US-China People’s
Friendship Association. Grateful acknowledgment to Britta Fischer. In author’s possession.
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other countries could learn. This was an extension into the détente era of China’s
desire to present a “third way” to the world—an alternative (not only for the Third
World but also for Sweden and other potential European allies) to the options offered
by the two superpowers.”! A perfect example is China’s most ambitious technology-
transfer project: the TAZARA Railway, which linked Tanzania and Zambia, bypassing
apartheid South Africa. The project, initiated in 1967 and carried out between 1970
and 1975, exported not only China’s scientific know-how but also its philosophy of
self-reliance.”? Similarly, in Liberia, Sierra Leone, and Gambia, agricultural assistance
from China emphasized this theme. The president of Sierra Leone returned from a
visit to China inspired by the rhetoric on self-reliance, while Chinese experts in West
Africa supervised the production of locally made rice threshers, demonstrated com-
posting and use of animal manure for fertilizer, and raised chickens and pigs to feed
themselves, all the while calling attention to these activities as examples of self-
reliance. (As in China, West African political leaders recognized the usefulness of a
philosophy that not only stoked anti-imperialist sentiment but also encouraged locales
not to depend on aid from the central government.”®) Maoist approaches to science
also were influential in Mozambique, where the revolutionary leader Samora Machel
celebrated the wisdom of peasants and mechanics and decried the “arrogance” of
experts who kept themselves apart from the masses, making themselves into a “privi-
leged class.” Their intelligence, Machel asserted, became “sterile, like those seeds
locked in the drawer.””*

The Chinese state deeply valued the propaganda opportunities afforded by techno-
logical assistance to Third World countries. Visits from foreign delegations offered
similar possibilities. In an internal serial publication titled Reference Materials for Pro-
paganda Directed at Foreigners (Dui wai xuanchuan cankao ziliao), state officials tracked
the published accounts of foreign visitors and commented on the degree to which
they reflected the messages about Chinese socialism that the Chinese state intended
to convey. For example, in 1973 the journal published a translation of a Japanese
scientist’s report on his recent visit. The editor’s note explained: “The author examines
rural changes in China with respect to politics. Although he is writing about agricul-
tural science, he is able to conduct an analysis of our country’s planning policies, and
moreover is able to form a contrast with Soviet revisionism, in order to enlighten his
audience.””

If Chinese political and scientific elites were excited to present the scientific achieve-
ments that Chinese socialism had fostered, foreign visitors were, for their own diverse
reasons, often equally excited to bring such examples home. The passage from the
Japanese report that inspired the Chinese propagandists’ appreciative note compared
Chinese and Soviet manufacture of herbicide. An herbicide factory at a commune the
Japanese scientist visited had an annual output of 1,300 tons and was still under
expansion. According to the Japanese scientist,
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This situation, compared with the 2,000 tons of herbicide the Soviet Union purchased from Japan
over the past several years, can offer such a deep awareness! The Soviet Union should be a very
advanced socialist country, but in fact imports this kind of pesticide from foreign countries; on
the other hand, in the so-called industrially backward China, peasants themselves are able to
produce it. When I visited China in 1966, I saw the slogan “Class struggle, struggle for produc-
tion, scientific experiment.” China calls these the three great revolutionary movements. But at
that time I did not understand why scientific experiment was called a revolution or what use
peasants and workers could make of it. Now I've discovered the crux of the issue. This agro-
chemical factory is a concrete reflection of China’s pursuit of new-style scientific experiment
through reliance on the masses.”®

At the same time, foreign scientists had to reconcile their enthusiasm for the exotic
with the uncomfortably obvious ways in which science in Cultural Revolution-era
China departed from some of their own scientific assumptions and values. One of the
most significant of these involved the relative importance of basic research, technical
application, and popularization. As Naomi Oreskes has argued, building on John
Krige’s work, the emphasis placed on basic science by American scientists emerged not
only from a belief in the necessity of basic research before technological development
but also from a commitment to fostering a form of science “resonant with the Ameri-
can way of life.””” Indeed, as early as the first decade of the twentieth century, efforts
by the United States to promote scientific development in China had emphasized
laboratory research and had presumed a clear connection between the ideal of research
science and positive social transformation.”® Traveling to China in 1974, the American
Plant Studies Delegation noted that some of the work they witnessed, though “termed
experimental,” was “actually demonstrational: for instance, plantings of improved
seeds next to other varieties in order to show peasants the advantages of the new over
the old.””” A 1975 delegation of agricultural scientists from the United Nations Food
and Agriculture Organization, committed to “leaving our mental luggage behind” in
order to “learn from China,” approached the issue from another angle: “The Chinese
put it quite succinctly: ‘In China, all agriculture is extension.’”® Defending Chinese
agricultural science from the charge that research was too often neglected, a Chinese-
American entomologist writing for a UN publication explained that in China scholarly
publication tended to follow applications in the field and extension to farmers,
whereas in the United States scholarly publication came first.8! In another article, this
one in Science, the entomologist suggested that “the image of Chinese entomology as
ignoring basic research may be an oversimplification,” and that a more accurate assess-
ment would acknowledge “the priority the Chinese give to putting scientific results
into operation.”#

For many foreign visitors, China’s experience appeared to offer something valuable
that the West lacked. Many visitors with leftist or left-leaning politics specifically
sought inspiration in China’s socialist approach to medicine.®® Others were drawn to
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Chinese medicine for different reasons. Western interest in “Traditional Chinese Medi-
cine” (or TCM, a term itself obviously created for foreign consumption) emerged along
with the growth of the New Age movement. For many Westerners, TCM represented
China’s long tradition of “holistic” philosophy and thus offered a powerful antidote
to the overspecialized and reductionist medicine that had become “mainstream” in
the West. But this was never how the Chinese state framed the role of Chinese medi-
cine. Rather, the state selected acupuncture anesthesia as the exemplar of what China
could uniquely contribute to modern science.®* Based in indigenous knowledge, but
rendered scientific, acupuncture anesthesia offered an effective and economical means
of serving the people’s medical needs. It was a perfect example of China’s self-reliance:
replacing scarce and costly “foreign medicines” with widely available materials embed-
ded in an indigenous practice that was as useful to surgeons in operating rooms as to
peasant paramedicals in the fields.5

The 1970s also brought an increase in environmentalism in the West. Insect scien-
tists were anxious about the consequences of ever-increasing use of chemical pesti-
cides, and many scientists, especially in the US, were angry about the power chemical
corporations had in setting research agendas. Socialist China appeared to offer hope
of a different way. In the absence of corporate capitalism, and making a virtue of the
necessity of extreme thrift, Chinese insect scientists had succeeded in working with
peasants to develop an “integrated” system of pest control that minimized use of toxic
chemicals. “Clearly,” the entomologists on the 1975 US Insect Control Delegation
reported, “the Chinese have progressed beyond levels attained in the United States
both in widespread enthusiasm for integrated control and, in many respects, in the
application of the ecological principles fundamental to its development.”%¢ One British
delegate reportedly told his Chinese hosts: “In Western countries people talk a lot
about integrated control but do very little of it. You do so much work; you are our
model.”¥” The official report of the Swedish delegation similarly posited the relative
backwardness of biological control in Sweden and suggested that knowledge be sought
in China, where biological methods and integrated pest control were more devel-
oped.8® China’s bag of insect-controlling tricks included light traps, parasitic wasps,
mobilization of peasants for insect forecasting and manual elimination, and, most
popular of all, insect-eating ducks. Foreign delegations were treated to special demon-
strations of this last method—and to roast duck in the cafeteria—at a commune out-
side of Guangzhou, where the US-trained entomologist Pu Zhelong had organized a
number of biological control projects. So charming were these feathered representa-
tives of Chinese ingenuity that the magazine Environment ran an article by an Ameri-
can insect-control delegate under the title “China Unleashes Its Ducks.”® Thus did
foreign scientists participate in the construction of a uniquely socialist-Chinese vision
of scientific practice.
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Conclusion and Epilogue

What connects the humble bug-eating ducks of Guangzhou with Qian Xuesen'’s
imposing “Silkworm” missile? Self-reliance. Though Cold War politics was not the
only factor, it unquestionably contributed to the significance of self-reliance for sci-
ence in Mao-era China. Not only did the Cold War result in isolating China at certain
historical moments; it also produced an assumption of ideological difference and thus
an expectation that science in socialist China would offer a distinct alternative to
existing models. From 1958 to 1971, Mao’s decision to part ways with both superpow-
ers entailed a commitment to finding a Chinese path for Chinese science. After 1971,
with the resumption of international scientific exchange accompanying Sino-US rap-
prochement, China no longer truly needed to go it alone; now Chinese political and
scientific leaders sought to demonstrate what China had to contribute to international
science.” During the 1970s, both foreigners and Chinese people contributed to the
notion of a uniquely socialist-Chinese approach to science, though the two sides did
not always share a common understanding of what this meant.

The rhetoric of self-reliance in socialist Chinese science was intense and pervasive
enough to mask the surprisingly transnational character of much scientific work in
Mao-era China. And rhetoric is important. To what extent the rhetoric actually rep-
resented significant epistemological differences and research results is more difficult
to judge. In broad terms, we could hazard that Cold War pressures contributed to an
experience, shared by most scientific fields in Mao-era China, of increased emphasis
on application over basic research. Moreover, in some cases (notably the synthesis of
insulin and the development of nuclear technologies) such pressures also helped to
produce a kind of “big science” approach comparable to that pursued by the Cold War
superpowers.

A more fine-grained analysis yields a more complex picture. For example, despite
the very different priorities Chinese proponents of Traditional Chinese Medicine held,
the “holistic” approach that some Westerners derived from TCM certainly offered a
profoundly “alternative” epistemology. However, for these Westerners the difference
was less about Cold War ideologies than about their perceptions of “Western material-
ism” and “Eastern spiritualism.” The most we can say is that Chinese commitments
to self-reliance (which were strengthened by Cold War realities) drove Chinese medical
practitioners and policy makers to promote TCM, and that this promotion helped
fuel Western interest in TCM as an “alternative medicine.” On the Chinese side, a
Marxist commitment to seeing science and progress as universal, in combination
with nationalist pride and the need for self-reliance, produced a desire to demonstrate
the usefulness of Chinese practices such as acupuncture to modern medical science.
Interest in this approach emerged during a period of geopolitical isolation in the revo-
lutionary base area of Yan’an, increased during a second period of isolation from the
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superpowers (1958-1971), then took on new meaning after China'’s reconciliation with
the United States, its admission to the UN, and its emergence as a participant in a
larger international science community.

In agriculture, the emphasis on self-reliance and the related concern for mass-based,
practical approaches encouraged the development of some technologies that might
not otherwise have emerged. Pest management based on close monitoring of insect
populations and labor-intensive agricultural and biological control mechanisms is one
example, and Western participants in 1970s scientific exchange recognized it as such.
In some cases, agricultural technologies developed during the Mao era have continued
to be of scientific interest not only in China but also in other parts of the world. This
is true, for example, of microbial fertilizers such as 5406, which played a prominent
role in Cultural Revolution-era rural-based youth experiment projects and which
served the purposes of self-reliant science because they could be manufactured locally
and so reduce the need for imported chemical fertilizer. The fertilizer 5406 is now
used by scientists at the International Nature Farming Research Center in Japan.’!
However, when present-day scientists turn to China for inspiration in agriculture, they
are far less likely to highlight China’s socialist experience and more likely to revive
the visions of F. H. King, the American soil scientist whose 1911 book Farmers of
Forty Centuries, Or Permanent Agriculture in China, Korea, and Japan extolled the ancient
wisdom of Chinese farming practices and inspired the budding organic farming
movement.?

The publication of the 1987 book Learning from China? Development and Environment
in Third World Countries represented a turning point in international perspectives on
socialist Chinese science. Learning from China? originated at a 1983 conference in West
Berlin that brought scientists and scholars from different countries together to speak
on subjects ranging from biogas technology to development policy. By then, people
around the world had begun to lose interest in socialist China as a model; that helps
explain why the conference’s organizers felt obliged to put a question mark at the end
of the title. China had changed. The very real negative aspects of the Mao era—
especially the political persecutions of many millions of people, including most of
China’s top scientists—had become harder to ignore in the post-Mao era, when the
Chinese state was, for its own political reasons, increasingly calling attention to them.
And if it was more difficult to draw unambiguous lessons from China’s socialist past,
it was also increasingly clear that China’s new road differed little from that of any
other developing country with its sights set on industrialization along typical Western
lines. “At a time when China is busy emulating Taiwan and South Korea,” Vaclav Smil
wrote in his review of the volume, “what is one to learn from China’s experience?
Since the late 1970s many critical and courageous Chinese scientists and economists
have documented the enormity of pre-1978 environmental degradation and economic
mismanagement. They have been the driving force behind the current reforms and
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the spirit of learning from abroad.” Smil went on to characterize biogas as “a large-
scale failure” and biological pest control as “vastly exaggerated efforts while pesticide
poisonings are common and traditional farming methods are disappearing fast.”*

Though I would argue that Smil dismissed the agricultural innovations of the Mao
era too readily and too absolutely, he was undoubtedly right that by the 1980s the
time for China to serve as a socialist model for other countries had passed. And with
Deng Xiaoping'’s ascendance in 1978, self-reliance had ceased to serve as an important
inspiration for science within China—though it has been used in new ways to excuse
the central state from responsibility for local economies.

A study of science in China during the final decade of the Cold War would look
very different from the history of the Mao era discussed here. Interested readers could
do no better than to consult Susan Greenhalgh’s book Just One Child, a fascinating
study of the role of missile scientists in crafting the population science and policy of
the Deng era. Whereas Mao had called for scientists to rely on China’s masses, Deng
called on scientists to control the numbers of those masses, now agreed to be entirely
too massive, using theories and technologies with the clearest of connections to Cold
War science.”
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4 From the End of the World to the Age of the Earth: The Cold
War Development of Isotope Geochemistry at the University of

Chicago and Caltech

Matthew Shindell

In the late 1960s, the isotope geochemist Clair “Pat” Patterson—already famous among
earth scientists for determining a precise age for the planet—reported the disturbing
results of his study of lead concentrations in the ice of northern Greenland.! Using
ice cores that contained uninterrupted sequences of annually deposited snows reach-
ing back several centuries, Patterson and his colleagues had determined a record of
environmental lead that showed the increase of lead pollution from the Industrial
Revolution to the 1960s. The lead in the snow told the story of the large-scale con-
tamination of Earth’s atmosphere and surface—contamination that had been proceed-
ing at an increasingly rapid pace since the 1940s. Furthermore, Patterson reported,
much of this dramatic rise in lead was due to the addition of tetraethyl lead to gasoline
by the petroleum industry in the 1920s.?

Patterson’s ice-core data helped to reopen a controversy about leaded gasoline that
had long been closed. Lead poisoning was a recognized occupational hazard of many
industries in the early twentieth century, and many of the health risks of tetra-ethyl
lead were already known in the United States at the time of its introduction into gaso-
line. Some advocates of industrial medicine, such as Alice Hamilton of Harvard Uni-
versity, had seen the effects of lead poisoning on refinery workers and emphasized
how easily the mucus membranes of the respiratory tract absorbed lead. Hamilton
tried to raise alarm about the possible broader health risks of tetraethyl lead in the
environment, especially for developing children, by extending the known effects of
lead on workers to the possibility of contamination at gas stations, in garages, and on
city streets.?

Despite Hamilton’s efforts, the petroleum and auto industries successfully con-
vinced the government and the public that the only risks posed by the additive were
to those who worked with the material in its concentrated form in the refineries. If it
was simply a workplace concern, then no substantial regulations or safety measures
were needed outside of factories and refineries. Forty years later, Patterson’s work
demonstrated that the lead contained in gasoline, once released, reached not only
human mucous membranes, but nearly every part of the world—making its way onto
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and into food and water sources and the air. Evidence and congressional testimony
by Patterson resulted in regulatory measures that eventually phased out the use of
leaded gasoline in the United States.

Patterson’s discovery of lead contamination in the Greenland ice cores changed the
way we live and do business as few scientific discoveries have done. Another similar
example from the twentieth century is the discovery by Frank Sherwood “Sherry”
Rowland that chlorofluorocarbons (CFCs) released into the atmosphere cause ozone
depletion.* Both Patterson and Rowland utilized physical methods that hadn’t been
available to Alice Hamilton.

It is no coincidence that Patterson and Rowland received their PhDs from the Uni-
versity of Chicago only a year apart. As junior members of Chicago’s postwar Institute
for Nuclear Studies (later renamed in honor of Enrico Fermi), working under the
Manhattan Project alumni Harold Urey, Harrison Brown, and Willard Libby, they
participated in the development of the foundational methods of geochemistry and
atmospheric chemistry. Nor is it a coincidence that the US Atomic Energy Commis-
sion, one of the primary patrons of Cold War earth science, supported both chemists’
careers. Patterson would later claim that his discovery of lead contamination began
as an unanticipated by-product of his attempts to determine the age of the Earth using
lead-isotope ratios, basic research that he claimed the AEC supported unwittingly.®
However, historical examination makes it clear that basic research and the internal
logic of scientific development alone don’t account for the rise of the methods or the
scientific communities that made Patterson’s (or Rowland’s) work possible. Patterson’s
story, understood in the context of the postwar rise of isotope geochemistry in the
United States, is a Cold War story.

The rise of military and government funding for the disciplines that would become
known as the earth sciences in the United States after World War II brought research
in these disciplines levels of support that were second only to those received by phys-
ics. This support created what Ronald Doel refers to as a “new intellectual map” for
the earth sciences, “a new set of challenges, guided by military and national-security
needs, which elevated the fortunes of certain fields of the physical environmental
sciences and decreased opportunities in others.”® Both Doel and Naomi Oreskes agree
that one important development that resulted from the military push was the increas-
ing domination of deductive physical methods, particularly those of geophysics.
Oreskes has described this push as a move from the field to the laboratory, involving
an adoption of “the concomitant values of exactitude and control that laboratory work
suggests.”” Doel and Oreskes further assert that the rise of physical laboratory methods
in the earth sciences during this period had little to do with their historical successes
at settling controversies within the geosciences, but rather came as “the result of an
abstract epistemological belief in the primacy of physics and chemistry, coupled with
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strong institutional backing for geophysics premised on its concrete applicability to
perceived national-security needs.”®

Geochemistry, often treated by its sponsors as a branch of geophysics, was sup-
ported generously by military, governmental, and industrial patronage during the
Cold War. But whereas geophysics can be described as one of the two competing tradi-
tions within American geology before the war, isotope geochemistry arose almost
entirely after the war. After World War II, isotope geochemistry developed rapidly from
the purview of a handful of physicists and physical chemists into a transformative
force for university geology departments throughout the United States. This develop-
ment was due in part to the increased availability of mass spectrometers, which made
precise isotopic measurements possible. Mass spectrometers had existed before the war,
but only a few laboratories had had sufficient expertise to build and maintain them.
Wartime development of mass spectrometers by US industries under military contract
and postwar tinkering by interested engineers, scientists, and oil companies effectively
black-boxed the technology (although a trained technician was still required to oper-
ate it), increased its precision dramatically, and put it within reach of any university
department willing to pay for the still relatively expensive instrument.

But the success of geochemistry is not just the story of the migration of new instru-
ments into an existing geosciences community. It is also the story of a set of outsid-
ers—atomic chemists and physicists—who turned their attention to the geosciences,
forged new bonds with geological and geophysical departments and institutions, and
helped to train a new generation of hybrid scientists to use isotopes and the techniques
of mass spectrometry to define new lines of inquiry. Many of the atomic scientists
who turned to the geosciences after the war were turning away from the technical
work they had contributed to the Manhattan Project. But although geochemistry may
in some ways have represented an escape to pure or basic science from weapons work,
or an avoidance of future conscription in the production of weapons of mass destruc-
tion, these scientists and their students were nonetheless enlisted in the construction
of Cold War science.

More often than not, government or military contracts paid for the mass spectrom-
eters and the salaries of those who used them. The questions to which these technolo-
gies were applied tended to be related to the concerns of the contracting agency. At
least on paper, geochemistry research programs often evolved around questions central
to such activities as the search for and understanding of nuclear fuel sources, the use
of isotopes as tracers for explosions, and, when the Navy paid for research, the char-
acteristics of the sea floor and ocean circulation.’ As in other areas of Cold War contract
research, geochemists found ways to fit their own questions within the scope of
their research contracts. However, even when the patrons of geochemistry got some-
thing other than what their contracts specified, they seem to have felt they got their
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money’s worth—at least to the extent that they remained willing to renew funding
for these same projects year after year.

What follows is not a chronological history of the development of geochemistry.
Rather, 1 present two episodes from the early history of postwar geochemistry that
illustrate the forces that helped to establish geochemistry in the early Cold War. These
episodes focus on the development of geochemistry at two institutions: the University
of Chicago’s Institute for Nuclear Studies and the California Institute of Technology’s
Geology Division.

The first episode I examine is Harold C. Urey’s entry into the field of isotope geo-
chemistry. I highlight the aspects of this move that illustrate the causal links between
the Cold War and Urey’s new paleotemperature research program at Chicago. Urey’s
move to the University of Chicago’s new Institute for Nuclear Studies after the war
brought him into one of the nation’s first Cold War institutions. I suggest that the
University of Chicago was ahead of the national curve in its promotion of the new
alliance between science, industry, and the government in order to support large-scale
individual research programs. The postwar research budgets at the Institute for Nuclear
Studies reflected the scale of research funding that became available during the Cold
War, made possible by the postwar model of government-funded research.

Examining the various channels through which Urey funded his research program,
and how he took advantage of the varying interests of industrial, military, and gov-
ernmental patrons, I also suggest that these interests weren’t stable throughout the
1950s. While interested oil companies and the Office of Naval Research (ONR) sup-
ported the initial development of Urey’s new techniques and research program, it is
doubtful that his program would have survived had the Atomic Energy Commission
not emerged as a patron. These funding agencies clearly had different interests in
Urey’s work, and their interests by no means promised permanent funding. Urey’s
success was due to his ability to align these interests in his new project and in the
larger purpose of the Institute, and ultimately to his ability to wield his clout as an
atomic insider—an expert on the deuterium and heavy water so important to the
AEC—to frame his research program as an extension of this expertise.

Though not all universities would adopt the Institute for Nuclear Studies’ model of
scientific research, the funding structure and the new hybrid sciences initiated in the
Institute would later aid in the transformation of university departments around
the country. The second episode I examine deals with the importation of geochemistry
to the California Institute of Technology (Caltech) from Chicago. The arrival of
Caltech’s new president, Lee A. DuBridge, ended an era of reliance upon private
money. DuBridge insisted that Caltech’s researchers actively raise their own funds. In
so doing, he ushered in a new era of contract research at Caltech. Caltech’s Geology
Division responded to this challenge by turning to geochemistry and the AEC. Recruit-
ing Harrison Brown from Chicago to initiate a research program in geochemistry had
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an immediate effect on the Geology Division. As DuBridge and Brown's recruiters had
hoped he would, Brown brought with him a sizable contract from the AEC. Under
the pretext of solving the AEC’s uranium-supply problems, Brown supported a broad
geochemistry research program, including the lead-isotope work that led to Patterson’s
determination of the age of the Earth and his realization of the extent of industrial
lead pollution.

Brown’s contract not only supported his own research program; it also redirected
the focus of existing research programs, raised the Geology Division’s prestige within
the university, and permanently changed the division’s institutional culture. These
changes at Caltech (along with earlier trends in Chicago’s Geology Department) are
illustrative of changes within the entire discipline of geology as its practitioners and
institutions, encouraged by their patrons, moved toward laboratory methods, began
favoring the geophysical and geochemical over the traditionally geological, and joined
the emerging earth sciences.

Shaping the University of Chicago’s Institute for Nuclear Studies for Postwar Research

In the early postwar years, the University of Chicago became a hotbed of activity in
the emerging field of isotope geochemistry. In the respective laboratories of Harold
Urey, Harrison Brown, and Willard Libby, the atomic scientists and their research
teams devised the oxygen thermometer, uranium-lead dating, and carbon-dating tech-
niques that would become methodological mainstays of earth science and planetary
science during the Cold War. These three men, along with Enrico Fermi, Edward Teller,
Joseph Mayer, Maria Goeppert Mayer, and a handful of other atomic scientists, were
drawn to Chicago after the war by the university’s new Institute for Nuclear Studies.
Most of the founding members of the Institute had distinguished themselves through
wartime service to the Manhattan Project. To no small degree, the early success of the
INS was due to these scientists’ wartime achievements, and much of the structure and
activity of the INS were inspired by wartime work.

The University of Chicago had been a good place to be a physicist before the war,
a fact reflected in the university’s roster of eminent physicists. The wartime uranium-
related contracts were due in no small part to the Nobel laureate Arthur Holly Comp-
ton, whose efforts to establish uranium work at Chicago drew upon the reputations
of fellow University of Chicago physicists such as Arthur Dempster, Samuel Allison,
and William Zachariasen. Compton became the architect of the wartime model of
research at Chicago. He styled himself as a “bridge-builder between three diverse and
separate sorts of people, each inclined to be rather suspicious of the others: to wit,
government and the military, business and engineering, and a hastily assembled array
of academic physicists and chemists.”’® And it had been his decision, a little more
than a month after he had been put in charge of the uranium project, to move many
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of the scientists who had been working on achieving a chain reaction at Princeton
and Columbia to the University of Chicago campus under the umbrella of the Metal-
lurgical Laboratory (called, informally, the Met Lab).!!

As early as 1943, Compton imagined that the Met Lab might have a postwar life
as a leading institution in the maintenance of scientific and technical leadership in
nuclear research. He persuaded the University of Chicago’s president, Robert M.
Hutchins, to pull the university out of military research as soon as possible, but to
retain management of Argonne Laboratory and build a complimentary academic
program. Under Compton’s guidance, the Met Lab prepared for its postwar life.'> For
their own part, the atomic scientists were evidently happy to make their home at the
University of Chicago. Even before being approached about the INS, many of them
felt that something like it would be possible after the war, and felt that Chicago was
well suited for it.

The atomic scientists felt that Hutchins’ university—already baptized by fire into
the world of atomic research—*“understood the trend of the times” and “would not
confine the activities of basic research to the meager laboratories and still more inad-
equate funds available before the war.”!* The wartime experience had transformed the
University of Chicago. During the war, as a result of research and training contracts
from the government’s Office of Scientific Research and Development (OSRD) and the
military, the university’s annual budget had swelled to $32,290,945 at its height in
the year 1944-45, approximately three times its prewar level."* About $3 million of
this funding was overhead for the university’s role in the Manhattan Project, for which
the university not only coordinated the initial uranium studies but also oversaw the
industrial plants at Oak Ridge and Hanford."> That much money couldn’t help but
alter the expectations of the faculty and administration of the university, who before
the war had been used to working with modest research budgets.

Compton—who didn’t remain at Chicago to see the postwar Institute for Nuclear
Studies—had nonetheless inaugurated there a modus operandi very similar to what
Rebecca Lowen has described as the “Cold War University”—administrators, scientists,
and an array of patrons that included the government and the private sector together
defined research goals, and the university benefited from the overhead that the new
contract system generated.'® Samuel Allison, the INS’s first director, made it clear to
new recruits that the purpose of the INS was to maintain the scale of wartime research
without the wartime atmosphere and its “emphasis on technical details, haste, and
military applications.”!” Despite the INS’s three main foci—nuclear physics, radio-
chemistry, and isotope separation—the lab wasn’t organized around specific research
programs. Instead, each member of the institute was promised the independence to
develop whatever research program they desired.

Paying for the $12 million Institute for Nuclear Studies, its luminaries, and its large
technical staff would require one final—and crucial—continuation of the wartime
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research model: the research contract.!® The earliest major funders of the INS included,
of course, the Office of Naval Research. As Roger Geiger and Jacob Hamblin have
described, the Navy was particularly eager to catch up in developments in nuclear
science, and found ways of appealing to the idealism toward research that prevailed
at Chicago after the war.!” The INS also tapped into the atomic enthusiasm of industry.
The university offered companies the opportunity to buy “memberships” in the INS
at prices beginning at $20,000 per year. The companies didn’t enter into these mem-
berships without expectations. “For their money,” the New York Times reported, “they
share in facilities they couldn’t buy for the same sums individually. They have a share
in what is described as the world’s largest nuclear studies program of a privately sup-
ported university.”2°

From Isotope Separation to Isotope Geochemistry

Harold Urey came to the University of Chicago from Columbia University, where as
wartime director of the Manhattan Project’s Substitute Alloy Materials Laboratory
(SAM Lab) he had been in charge of developing plans for the separation of uranium
isotopes via thermal diffusion. Before the war Urey was one of the nation’s foremost
experts on methods of isotope separation. After receiving the 1934 Nobel Prize in
chemistry for the discovery of deuterium (a heavy isotope of hydrogen with mass
number of 2), he had devoted much of his career to developing and refining separa-
tion techniques. When Urey first entered negotiations with Chicago for his postwar
position in the INS, the research plan he presented to Chicago was for an isotope-
separation program that required roughly $68,000 per year for salaries, an equal
amount for general laboratory apparatus, and $100,000 for the construction of new
mass spectrometers and other specialized instruments.?!

By the time the war ended, however, Urey had been so traumatized by his experi-
ence as director of the SAM Lab that he could no longer muster any enthusiasm for
the prospect of continuing isotope-separation work.?? In part, Urey’s trauma stemmed
from his having been forced from an active scientific role in the uranium project to
a managerial one. The stress of management was compounded by his constant head
butting with his superiors, namely James B. Conant and General Leslie R. Groves, over
issues of planning and secrecy. Urey later told the historian John Heilbron: “I was
most unhappy during the war. I had bosses in Washington who didn’t like me, and I
had people working for me who didn’t like me. Imagine a more miserable situation—
where you can'’t resign, but nobody wants you around!”? His wartime experience had
pushed him “very close to a nervous breakdown,” and his health had deteriorated to
such a degree that it became a matter of concern for Groves’ personal physician.?* All
this was followed by the extreme demoralization that came with the use of the atomic
bomb on Hiroshima and Nagasaki.
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After the war, Urey wanted little to do with the isotope-separation work that had
won him his fame. His fellow physical chemist Hans Suess remembered that, whereas
most scientists were able and eager to return to their prewar research programs, Urey
was “anxious to get away as far as possible, in time as well as in space, from everything
connected with weaponry and means of destruction,” including his prewar work on
isotope separation.? According to Joseph Mayer, the trauma of war work stuck with
Urey for some time, even after he took up residence at the INS, and caused him to
“drift, looking for new fields to conquer.”?®

Aimlessness and angst weren’t characteristic of Urey, who before the war approached
his scientific projects with great enthusiasm and what his colleagues described as
childlike curiosity.”” In his Nobel address, more than a decade earlier, Urey had
reported excitedly on the thermodynamic properties of isotopes and speculated upon
the possible methods of separating the isotopes based on these differences. Once put
into practice at Columbia with a string of graduate students, lab assistants, and grants
from private foundations such as the Carnegie Institution, this work came to define
the research program in Urey’s lab up through World War II. This prewar work was of
interest mainly to a relatively small number of physicists and chemists who were
interested in the structure and behavior of the elements and their isotopes, and to an
even smaller number of biologists who were interested in using these isotopes as
experimental tracers. During the war, however, these efforts were accelerated, and
Urey’s workforce grew larger and more difficult to manage as he took on the director-
ship of the SAM Lab.

If Urey’s war trauma was the primary reason he was aimless in the immediate
postwar years, his activity on behalf of the control of atomic weapons was a close
second. Urey’s involvement with the various organizations of the scientists’ movement
consumed him in the first few years after the war. “I've dropped everything to try to
carry the message of the bomb’s power to the people,” he told The New Yorker.?® This
was no small commitment. Urey had been a popular public speaker before the war,
but his postwar pace, combined with the urgency of the atomic problem, was difficult
for him to handle. After two years of working for world governance of atomic weapons,
Urey wrote to his scientific hero, Albert Einstein, co-founder of the Emergency Com-
mittee of Atomic Scientists, that his doctors had ordered him to avoid outside activi-
ties: “I find that I am able to carry my university work and that is about all. Otherwise
I become very tired, unable to sleep, and generally quite unable to take care of any of
my work.”?

These years were not entirely aimless. At the end of 1946, while still in search of a
new line of active scientific work, Urey prepared and delivered that year’s Liversidge
Lecture before the Chemical Society of the Royal Institution in London. The Liver-
sidge Lecture was one of Urey’s last outstanding prewar commitments. In it, Urey
chose to update the earlier isotope exchange equilibria that he and Lotti J. Greiff had
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calculated and published in the 1930s. This time Urey employed a more sophisticated
method that had been developed for the SAM Lab by Jacob Bigeleisen and Maria
Goeppert Mayer. In the 1930s, Urey and Greiff had shown that relatively large differ-
ences in the physical and chemical properties of isotopic compounds could be
detected—differences that were then exploited in the various separation techniques
developed in the intervening years.*® Revisiting the thermodynamic properties of
isotopes, now with his postwar aversion to separation, Urey instead emphasized
another way that these chemical differences could be exploited.

Urey turned his attention to the geological abundances of the isotopes of carbon
and oxygen. He noted that certain processes in nature tended to result in isotope
enrichment. Aquatic carbonate-precipitating organisms, which used oxygen in their
metabolic processes, tended to concentrate oxygen-18 (the more common of oxy-
gen’s two heavy isotopes) preferentially. The shells of these organisms often con-
tained up to 4 percent more of the isotope than their surrounding waters. This
enrichment was sensitive to temperature, Urey’s tables suggested—a temperature
change of 25°C resulted in a change in the oxygen-18/oxygen-16 ratio of 1.004 rela-
tive to the water. “These calculations suggest investigations of particular interest to
geology,” Urey commented.?! He further speculated that, with the mass spectrometers
that had been developed during the war by the University of Minnesota physicist
Alfred O. C. Nier (work that Urey had overseen), a researcher could determine the
oxygen-isotope ratio of carbonate rock samples to within an error of +£0.001, and
perhaps discover the temperature at which the rock was deposited with a certainty
of within 6°C or less. Urey admitted that there was still a great deal of experimental
investigation left to perform before the method could be put to use, but he felt con-
fident that oxygen-isotope abundances were well suited for the determination of
historic temperature changes. He concluded his 1947 paper on this subject by stating
that the same small differences in the thermodynamic properties of isotopes and
their compounds that “make possible the concentration and separation of the iso-
topes of some of the elements [in the laboratory]” might “have important applica-
tions as a means of determining the temperatures at which geological formations
were laid down.”3?

Although Stephen Brush, in his account of the postwar rise of geochemistry and
cosmochemistry, mentions Urey’s ability to use his prestige to attract researchers to
the new fields that he pioneered, in the beginning of his work on paleotemperature
Urey seems to have had difficulty finding younger scientists to work in his new
research program.* The first postdoctoral fellow Urey managed to attract was Samuel
Epstein, a young Polish-born Canadian chemist with mass-spectrometer experience.
Epstein had studied in Canada under Urey’s former research assistant Harry Thode,
and it was Thode who convinced Epstein to work on Urey’s new research project.
As Epstein later remembered it, even though Urey had already publicized his
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speculation about the possibility of using isotopes in carbonate rocks to determine
paleotemperature, people weren’t lining up to work with him on the problem. Of
course, one thing that drew Epstein to Urey’s lab was the promise of funding, and as
the amounts of available funding grew, so too did the line of graduate students and
postdocs eager to learn and practice the new geochemistry. For the time being, how-
ever, the research team was small: Epstein, Urey, Charles McKinney (an electrical
engineer), and John McCrea (a graduate student). It was McKinney’s job to work with
Nier’s designs and produce a working mass spectrometer. By 1948, Urey had his first
such instrument.

Once research got underway, Epstein witnessed Urey’s “comeback in the scientific
academic world”: “He never walked up a set of stairs one step at a time, always two
steps at a time. ... I clearly remember him coming into the laboratory dressed meticu-
lously in a white shirt and coming home with a shirt stained with oil because he
couldn’t resist the temptation of changing a dirty oil pump or some other work that
was usually left to the younger set.”** Now feeling at home in the INS, and excited
again by what promised to be a fruitful research program, Urey was able to leave
behind the traumas of war work.

Moving into geological territory meant that Urey had to develop a new network of
scientific contacts and collaborators. In addition to Epstein, McKinney, and McCrea,
Urey also drew upon colleagues in Chicago’s Department of Geology. Before the war,
Chicago’s geologists already had tended to be more lab-oriented than field-oriented.
The Chicago geologists considered their geophysical program to be one of the stron-
gest in the country, housing one of the only working high-temperature petrology labs
outside of the Geophysical Laboratory at the Carnegie Institution of Washington. The
Chicago Department of Geology’s close ties with the Carnegie Institution’s Geophysi-
cal Laboratory were embodied in its first postwar chairman, Norman Levi Bowen. A
practitioner of thermodynamic geochemistry before the war, Bowen had left Chicago
from 1942 to 1944 for war work at the Geophysical Laboratory, and after two postwar
years as chair of the Chicago Department of Geology returned to Washington. His
chairmanship was brief, but it brought the Department of Geology an unprecedented
increase in funding—at Bowen’s request, the University of Chicago increased the
department’s typical expense and equipment budget of $1,500 per year to $45,000 for
the first three postwar years.*® This influx of money enabled the department to invest
in new equipment and allowed for the conversion of some existing facilities into
state-of-the-art laboratories for analytical chemistry.

After Bowen'’s departure, Walter H. Newhouse became chairman of Chicago’s Geol-
ogy Department. Newhouse made it his mission to modernize the department and to
eliminate traditionalism within it. Starting in 1946, the department, now feeling itself
to be in competition with its counterparts in physics and chemistry, adopted New-
house’s attitude that “anyone on the staff who was not opening up brand-new fields
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was a piece of dead wood.”?¢ To facilitate change, the department hired new faculty
members, including the geochemists Julian Goldsmith, Hans Ramberg, and Kalervo
Rankama. These men, particularly Goldsmith, would work closely with Urey, Libby,
and Brown to bridge the gap between the INS and the Chicago geologists, and all
would assist in proposing a joint curriculum in geochemistry for students who
wished to become geochemists.?” As early as 1947 the department was receiving ONR
contracts to do geophysical research. The Navy even put some “Paperclip Specialists”
(German scientists who had worked under the Nazi regime) under the care and super-
vision of Chicago’s geology faculty.*®

In 1947 Urey secured the cooperation of the German-born paleoecologist Heinz
Lowenstam, who had left Germany before the war and was working for the Illinois
State Geological Survey. In 1948 the Department of Geology hired Lowenstam specifi-
cally to work with Urey on his paleotemperature studies, and Lowenstam’s salary was
paid through Urey’s research contracts.? Beginning in 1948, Urey asked scientists at
the Scripps Institution of Oceanography in La Jolla, and at other marine laboratories,
for shells and information about the waters in which they had been deposited. Epstein
and Lowenstam worked to develop methods for preparing uncontaminated samples
of carbon dioxide gas from calcium carbonate shells, then worked to establish a tem-
perature scale for oxygen isotopes. The first published results of this work appeared
in 1951, shortly before Epstein and Lowenstam left Urey and Chicago to join Harrison
Brown at Caltech.*

Urey’s lab also benefited from the growth and expansion of the University of Chi-
cago’s Department of Geology. In 1950 Cesare Emiliani completed his PhD work in
the department and went to work with Urey’s paleotemperature group in the INS.
Emiliani extracted foraminifera shells from long deep-sea cores. Using those shells,
the group studied temperature variations in the Pleistocene and estimated the length
and severity of the ice ages. The acquisition of the deep-sea cores was evidence of
Urey’s diverse and expanding scientific network and of his connection to the emerging
earth-science network. In 1950, Urey’s lab began collaborating with Columbia Uni-
versity’s newly established Lamont Geological Observatory, a “quintessential Cold War
institution” that Columbia had established in order to take advantage of military sup-
port for geophysics research.*! There, with substantial support from the Office of Naval
Research, Maurice Ewing had developed a method for piston coring seafloor sediment.
The Navy gave Ewing access to broad swaths of the deep ocean, and Ewing’s research
program was shaped by the Navy’s priorities. Throughout the 1950s Ewing and his
colleague David Ericson sent core samples to Urey’s lab, where Emiliani and the lab’s
technician, Toshiko Mayeda, prepared and analyzed the samples in the mass spectrom-
eter. But, as an examination of Urey’s research funding makes clear, Urey’s connection
to Cold War military contract research went far beyond his connection to the Lamont
Geological Observatory.
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Funding the New Program

In its early years, Urey’s new research program benefited from the close alliance
between the Institute for Nuclear Studies and industry. As Ronald Doel points out, the
petroleum industry was a major supporter of geophysical and geochemical research
during the Cold War.*> Both Shell and Standard Oil had bought memberships in the
INS, for which they were promised the right of first refusal on any patents or practical
applications developed there.** During a tour of the INS in 1947, a Shell representative
met with Urey and heard about his research plans. The Shell rep came away from the
meeting impressed. Writing to the chairman of the American Petroleum Institute’s
Advisory Committee on Fundamental Research on Occurrence and Recovery of Petro-
leum, he characterized Urey’s research as “of considerable interest, since, if successful,
it will help measure one more of the many unknown variables of importance to the
origin of oil.”** Furthermore, he noted, Urey’s program might find a place within
the API's ongoing Project 43, a broad investigation of the transformation of organic
matter into petroleum that included a research team at MIT investigating the effects
of radioactivity on the transformation of marine organic materials into petroleum
hydrocarbons.*

Urey'’s research program didn’t become part of Project 43, but the American Petro-
leum Institute nonetheless had the impression that it might contribute to the under-
standing of the processes that produced oil. That impression was attributable to Urey.
In his initial courting of API funding, Urey had offered this speculation: “It may be
that oil deposits occur in places where the temperature at which they were deposited
was unique in some way, and if this should be the case then it might furnish one
additional tool for geological exploration for oil.”#¢ It is also possible that the oil
companies were interested in developments in mass spectrometry generally, as the
method had been introduced within the petroleum industry in the early 1940s and
had proved highly useful as an accurate way of analyzing hydrocarbon mixtures.*
Urey requested $12,000 for the construction and maintenance of his instruments, but
the API was only willing to grant him $5,000 for 1948-49.# That amount fell well
short of what Urey estimated it would cost just to build his first mass spectrometers,
much less do anything with them.

In the summer of 1947, Urey requested funding from the Geological Society of
America’s Penrose Bequest, playing up the possibility that his work would replace
existing qualitative methods of determining paleotemperature—namely paleoecologi-
cal studies of the fossil organisms found within geological samples—with more quan-
titative methods.* The Geological Society granted Urey $17,900 for salaries to support
one chemist, one physicist, and three technicians.’® That amount, even when com-
bined with the API funding listed above, still didn’t approach the $50,000 to $100,000
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that Urey estimated he would need in order to build all the necessary instruments and
establish the new methodology.

The traditional sponsors of geological and geophysical research—the petroleum
industry and the Geological Society of America—provided some support for Urey’s
work in these early years, but they were either unable or unwilling to provide
the amount of money Urey needed in order to launch his new research program in
earnest. Eventually they withdrew their support. As the American Petroleum Institute
explained to Urey, there were “several other more desirable projects which are basically
fundamental in nature, but are still closer to our immediate problems” than was
Urey’s.’! Military patrons, however, were both willing and able to make the
investment.

In 1949 the amount of funding Urey had at his disposal increased dramatically as
he began a new contract with the Office of Naval Research. Urey had participated as
a scientific observer in the Navy’s Operation Crossroads atomic bomb test at Bikini
Atoll in 1946. There he had met Roger Revelle, future director of the ONR’s Geophysics
Branch. He no doubt also became acquainted with the Navy’s attitude that “almost
all fields of oceanographic research had potential Navy applications.”s?> In 1948 Urey
made his first contract proposal to the ONR, asking for about $105,000 for an “inves-
tigation of natural abundances of stable isotopes with the primary objective of measur-
ing paleo-temperatures.” The proposal was vague about the practical applications of
paleoclimate research to the Navy’s mission, but Urey did manage to frame the more
general aspects of isotope abundance measurements as having the potential to con-
tribute to the Navy’s existing mapping program and to develop natural tracer tech-
niques that could be employed in the ocean.®® The Navy agreed to provide roughly
$30,000 per year for four years—a much larger sum than Urey’s industrial or private
sponsors had yet provided.

The Office of Naval Research was, in some ways, an ideal funding agency for the
early years of Urey’s research program. The Navy preferentially funded research into
the development of new methods and techniques. From the Navy’s point of view,
Urey’s work might help them to better understand the ocean’s basic geochemical
features and assist them in the development and maintenance of Naval technologies.
However, once Urey’s methods had been established, the ONR informed him that they
were no longer willing to fund his research.

The withdrawal of ONR funding put pressure on Urey to find a new funding agency
to take its place. He was able to find two funding agencies that together were able to
raise his funding level to still greater heights. In 1953-54, Urey received $55,956 from
the AEC and $21,400 from the National Science Foundation (which had established
an Farth Science Program in 1953).5¢ With more than $75,000 in contract funding,
1953-54 was a banner year for Urey’s research program. In his remaining years at
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Chicago, before he left for the University of California at San Diego in 1958, Urey
would keep his external funding at or slightly above this new level.

Although Urey had decided to leave isotope-separation work behind, much of
his clout with the Atomic Energy Commission and the military was attributable to his
expertise in the field of isotope separation and his past position as the head of Colum-
bia’s SAM Lab. For this reason, it was not only difficult but also impolitic for Urey to
completely close the door on isotope separation. In fact, Urey had been involved in
the formation of the AEC and had been working under contract with it since Novem-
ber of 1950, first as a consultant on a Heavy Water Production Processes Survey for
the AEC’s Division of Research.’” Remaining connected to the AEC’s concerns about
heavy water and isotope separation—and flexing his expertise in this area at the AEC’s
behest—helped Urey to maintain the prestige he had earned from his wartime service.
It also allowed him to keep abreast of the AEC’s concerns (and even at times to define
these concerns), and made it easier for him to frame his new projects in language that
would garner the AEC'’s approval. This relationship, which encouraged fundamental
research connected to the AEC’s concerns, was symbiotic. While Urey received support
for non-separation-related research, not only was the AEC satisfied that his new inter-
ests were close enough to the AEC’s interests that his work merited funding; it was
also able to enlist him in the work of advising and planning the AEC’s activities.
Unclassified projects such as Urey’s also gave the AEC examples of AEC-supported
research that could be discussed and promoted before Congress and the public.®

One example of this symbiosis at work is Urey’s reluctant agreement to chair the
Committee on Isotope Separation for the AEC’s Division of Research in early 1951.%
In a letter to Kenneth Pitzer, the division’s director, Urey wrote: “Long ago I developed
a subconscious reaction to all separation jobs. It is, first, that any separation project
is an enormous amount of hard and uninteresting work, and second, that it is very
likely that all new schemes for separating isotopes will not work.”®® Nonetheless,
accepting the position allowed Urey to exert some influence on the direction of iso-
tope work in the United States and put him in constant contact with Pitzer. The
Committee on Isotope Separation had a high priority within the AEC’s Division of
Research. It was responsible for reviewing the literature on isotope separation, the
techniques used in it, the atomic energy program’s immediate and long-range needs
for the separation of isotopes, and the work in progress on isotope separation within
the AEC, and it was charged with recommending to the Division of Research what
steps should be taken for the investigation and development of specific isotope-
separation techniques.°!

In addition to keeping Urey and his fellow members of the Committee on Isotope
Separation connected to the Division of Research, the work also kept them connected
to classified materials and places of atomic research. As a contractor and a consultant,
Urey maintained the security clearance that had been granted to him during the
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Manhattan Project. The AEC installed facilities in the offices of committee members
for the storage of classified documents (if they didn’t already have such facilities) and
initiated clearance procedures for secretaries and technical assistants. The members
also received a classified bibliography of sources held in classified libraries at the
National Laboratories and the associated universities.

The first meeting of the Committee on Isotope Separation took place at Oak Ridge
in February of 1951, and during their stay at Oak Ridge the committee’s members were
given a full tour of the facilities. Later meetings took place in the New York Operations
Office of the AEC and at the University of Chicago. Under the auspices of the AEC’s
Division of Research, members of the committee also toured the DuPont laboratories
in Wilmington, Delaware, where they discussed problems related to heavy water. They
met with scientists and technicians at General Electric, Yale, and Brookhaven National
Laboratory, and they visited the Washington headquarters of the AEC to learn about
the raw-materials situation.®?

With his knowledge of the inner workings of the Atomic Energy Commission, Urey
was able to construct proposals for isotope geochemical work that were directly related
to the AEC’s concerns, enlisted Urey’s prestige as the discoverer of heavy hydrogen
and heavy water, and also satisfied his own research goals. In 1949 Harrison Brown
floated a “Proposed Program for the Accumulation of Quantitative Data Concerning:
the Chemical Composition of Meteorites and the Earth’s Crust; the Relative Abun-
dances of Elements in the Solar System; the Ages of the Elements and Planets,” and
hoped that the AEC would at least fund those parts of the program that were per-
formed at its Argonne facility. The AEC demurred. Urey’s first proposal was far more
politically savvy in both name and form. Urey’s proposal for “Research on the Natural
Abundance of Deuterium and Other Isotopes in Nature” outlined an intentionally
broad research program that included work to be done on meteorites, igneous rocks,
and fossils, with the stated aim of discovering how the abundance of hydrogen iso-
topes had changed over time.*® In addition to addressing the AEC’s concerns about
deuterium and heavy water and their abundances in nature, Urey’s proposal also
emphasized the scientific attention that his initial work on paleotemperature was
receiving, thus tapping into the AEC’s desire for visible scientific rewards from unclas-
sified and non-military projects.

Caltech, Lee DuBridge, and the Government as a Customer for Research

Funding from the Atomic Energy Commission helped to sustain and expand Urey’s
research program and those of other members of the Institute for Nuclear Science, but
the work didn’t remain in Chicago. Younger members of the INS brought the new
techniques and the promise of money to new institutions. The techniques, too, moved
independently once reliable mass spectrometers became commercially available and
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geology departments began competing for newly available funding from the AEC and
from the National Science Foundation. In many cases, the new money and the new
science contributed to the restructuring of entire university departments. In the case
of Caltech’s Division of Geology, AEC funding helped to raise a relatively small depart-
ment in a relatively small institution to national recognition, and by the end of the
1950s had positioned the division to be one of the leading participants in the National
Aeronautics and Space Administration’s space science program.

In the late 1940s, Caltech’s Division of Geology was far from an unknown entity.
With a $25,000 grant from the Carnegie Corporation, and under the direction of the
physicist Robert A. Millikan (president of Caltech in all but title), the university had
in 1925 created the Division of Geology as part of its efforts to expand its scientific
mission while building close and mutually supportive ties with local wealth and
industry.®* Two dominant forces in the division were its founding chairman, John
Buwalda, and his successor, Chester Stock. Buwalda, a traditional “hard rock” geolo-
gist, had come to Caltech from the University of California in 1926, recruited by
Millikan himself. While in Berkeley recruiting Buwalda, Millikan had met and been
impressed with Stock, a paleontologist who specialized in the mammalian fossils of
the Western United States and who made his name in the excavation of the La Brea
tar pits.® Buwalda and Stock were expected to establish the Division of Geology’s
research and teaching program with funding from Caltech and from private sources.
The two chairmen developed an impressive undergraduate program that emphasized
some fundamental training in the physical sciences, followed by specialized training
in mineralogy, petrology, paleontology, and geophysics. In contrast with the Univer-
sity of Chicago’s department, Buwalda’s program required a student to take part in
two summer field camps and a year-long course in field methods before graduation.

The Division of Geology lived up to Millikan’s expectations and was well regarded
by local government and industry. Most of its graduates went on to careers in the
petroleum industry, state and federal geological surveys, and mining.%® The division
also enjoyed international prestige for its Seismological Laboratory. Supported by the
Carnegie Institution, the Seismological Laboratory employed Harry Wood, Beno
Gutenberg, Charles Richter, and Hugo Benioff, world-renowned pioneers in geophysi-
cal research and earthquake studies.” Although the division produced only a few
PhDs, in 1951 its faculty was considered one of the strongest schools of geophysics
in the United States.®®

But the early postwar years brought many changes to Caltech, changes that
challenged Buwalda and Stock’s program and the funding model upon which it was
built. Chief among these changes was the appointment of Lee DuBridge to Caltech'’s
presidency in 1947. DuBridge, a physicist, came to Caltech after directing the MIT
Radiation Laboratory’s wartime research program. W. Patrick McCray described
DuBridge as “part of the interlocking system of boards and committees that shaped
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postwar science.”® A close ally of Vannevar Bush, DuBridge was a firm believer in
Bush’s model of American scientific growth as laid out in the highly influential treatise
Science, the Endless Frontier.”° DuBridge approached the postwar growth and expansion
of Caltech’s scientific mission as his own small scientific frontier in the West.”!
DuBridge agreed with Bush that American scientific ascendancy was possible with the
support of the federal government. Moreover, he believed that the federal government
had a responsibility to support the production of American science, noting that in the
past the United States had been primarily a “consumer” of science from abroad.”
DuBridge looked for opportunities to get the government to support expansion of
Caltech’s existing programs.

DuBridge insisted that changes would have to be made within the Division of
Geology if it was to continue building its international reputation. DuBridge’s attitude
toward the Division of Geology can be discerned from his retrospective assessment of
Chester Stock’s paleontology research program. He brought to this assessment the
stereotypical prejudices of a physicist; in Stock’s program he saw a “tremendous col-
lection of fossils,” but also “a one-man show, practically, with a couple of assistants.””*
That Stock was a well-regarded expert in his field and a member of the National Acad-
emy of Sciences meant little to DuBridge if Stock wasn’t running a laboratory filled
with graduate students and research assistants, using the most modern equipment,
and building a research program with government funds. DuBridge also felt that the
division’s geophysics program wasn'’t as strong as its proponents claimed. Although
the seismologists had built a fine laboratory, the more traditional field approach to
geology represented by Buwalda and his hires was preventing the division from “ini-
tiating some new and more modern activities.””* DuBridge later claimed, quite bluntly,
that he was responding to “feelings around the campus and outside that the [Caltech]
geologists were still back in the nineteenth century, analyzing rocks.””s Of course, there
was great merit to the work that Stock and his less geophysically inclined contempo-
raries were doing, but their lines of inquiry were to wither as sponsors pushed indi-
viduals and institutions away from the field.

Caltech’s new president perceived that the days of supporting a world-class, com-
petitive research program entirely with funds from the Institute and from private
foundations were coming to an end. In its earlier years, Caltech’s research program
had relied upon the generosity of private foundations and the wealthy businessmen
of Pasadena and Los Angeles, often facilitated by Millikan and Caltech’s close affilia-
tion with the National Research Council. However, those private funding sources had
fallen short of Caltech’s scientific ambitions during the Great Depression and World
War I1.7¢ The war had initiated a new period in Caltech’s history, as it became a wartime
institution and a recipient of government contracts worth more than $80 million
(much of which went to the Jet Propulsion Laboratory).”” After the war, DuBridge faced
the challenge of ending the disruption of wartime mobilization and reestablishing
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peacetime research while at the same time maintaining the high level of funding to
which the Institute for Nuclear Science had by then become accustomed.

With his experience as the wartime director of the MIT Radiation Lab and his
intimate knowledge of the Atomic Energy Commission, DuBridge initiated at Caltech
a new era of contract research. Though he didn’t approach contract research without
caution, DuBridge nonetheless used the contract system as a tool for expanding and
reshaping Caltech’s research mission. By 1951 he was willing to make this claim:
“Government contracts have been by far the most important single factor in the
post-war improvement and expansion of science in American universities.””® While
congressional debates held up the establishment of Vannevar Bush’s proposed central
government funding agency, the National Science Foundation, DuBridge estimated
that military and government sponsors such as the Office of Naval Research, and
the Atomic Energy Commission were already investing about $50 million per year
in university research. Though a modest sum in comparison with the billions of
dollars spent annually on military research, that still put the NSF's proposed 1950
budget of $3.5 million to shame. Caltech was already heavily invested in contract
research. Government contracts provided nearly a third of Caltech’s budget.”” With-
out the contract money, and in particular the government’s inclusion of overhead
expenses (customarily calculated at 40 percent of the amount budgeted for salaries),
Caltech wouldn’t be able to cover the many bureaucratic costs of administering
large-scale research, let alone conduct the research itself. DuBridge warned that if
the Institute for Nuclear Science had to suddenly withdraw from contract research
and rely solely upon more traditional funding sources, it would be immediately
bankrupt.

DuBridge did worry about the implications of contract research, however. Govern-
ment contracts might lead to overemphasis of some areas of research at the expense
of others, and DuBridge insisted that it was the responsibility of the Institute to main-
tain a well-rounded research program. If government funds were used in some areas,
Caltech should seek out other sources of funds for neglected areas (a lofty ideal that
doesn’t seem to have been realized at most universities). Another protection from
government control of the research agenda was the diversity of the funding agencies
themselves. DuBridge insisted that the various government agencies were “all inde-
pendent of each other and to some extent in competition with each other for the
good will of scientists.”80 Employing a capitalist sensibility, he suggested that Caltech
and its faculty be sure not to get too involved with any single agency, and should
instead encourage diversity and market competition: “A ‘contract to purchase research
services’ offers less possibility of government control than would a direct educational
‘subsidy.” In other words the government may be welcomed as a ‘customer’ but not
as a ‘stockholder.’””8!
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From Old Bones to New Machines and Utopian Visions

By 1950, forces within the Division of Geology were willing to consider changes to
their research program and to consider new ways of courting the government’s cus-
tom. At the end of 1950, Chester Stock unexpectedly died from a cerebral hemorrhage.
The remaining members of the division held a series of internal discussions about new
directions and determined that the division had “a great need for developing the field
of geochemistry.”®? Although they described this “great need” intellectually, as an
“opportunity of closer association with our sister science of chemistry” similar to the
association between their geophysics program and physics, it is clear that something
more was desired.®® What the division really needed was money and growth. The divi-
sion’s next director, Robert P. Sharp, may have sincerely believed that building a
geochemistry program at Caltech “[did] not mean an eclipse of the field of geology,
but rather a broadening of its horizons and a strengthening of its abilities to cope with
problems in the earth sciences.”® However, Sharp also clearly expected geochemistry
to bring more than simply a new approach to supplement the work Caltech’s geolo-
gists were already undertaking. Simply invoking the term “earth science” implied a
complete reorganization of Caltech’s activities.

It was Robert Sharp who spearheaded efforts to find a suitable geochemist. He
wanted to see the successes of the Chicago group replicated at Caltech.® After consult-
ing with Linus Pauling (the chairman of the Division of Chemistry, and a confidant
of Lee DuBridge), the geologists settled on the nuclear chemist Harrison Brown and
invited him to visit them in Pasadena.’® DuBridge supported the choice of Brown
enthusiastically and, once Brown’s visit to Caltech had concluded, traveled to Chicago
to assist in Brown’s recruitment. Convinced that Caltech was serious about establish-
ing a first-rate geochemistry program, Brown accepted. Chester Stock’s research materi-
als, including his collection of more than 50,000 fossil specimens, were moved out of
the Mudd Laboratory to make room for Brown’s new geochemical labs.

Harold Urey’s junior by nearly 25 years, Brown was nonetheless developing a repu-
tation every bit as distinguished as Urey’s in the new field of geochemistry. Before the
war, like Urey, Brown had worked primarily on isotope separation. During his graduate
days at Johns Hopkins, Brown had worked on the isotopic separation of uranium—an
element that later, of course, became crucial to the Manhattan Project. At the request
of Glenn Seaborg, Brown came to the University of Chicago during the war to work
on Seaborg’s plutonium project. After the war, Brown turned from isotope separation
to the investigation of elemental abundances, employing the new techniques of neu-
tron activation and mass spectrometry.%’

Brown shared Urey’s unease over atomic warfare and worked alongside his senior
colleagues in the Chicago-centered efforts to control atomic weapons. Though he
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didn’t yet have a public reputation equal to Urey’s, Brown became one of the INS'’s
most outspoken atomic scientists. In 1946 he published a monograph (Must Destruction
Be Our Destiny?) in which he argued that control of the world’s atomic weapons by
the United Nations was the only way to prevent the destruction of mankind.® Brown's
turn toward meteorites and elemental abundances at the INS probably reflected an
aversion to weapons-related work similar to Urey’s.

Brown was most interested in geochronology and the distribution of trace elements
in nature. The equipment he requested from the Geology Division included two mass
spectrometers suitable for uranium-lead and potassium-argon age determination, car-
bon-dating equipment, Geiger counters, and various other laboratory supplies. This
initial equipment budget amounted to $56,000. In addition, Brown estimated that he
would need at least five employees, including a silicate analyst, a physicist/mass spec-
troscopist, an analytical chemist, and a chemist familiar with isotopic age determina-
tion techniques. The annual personnel budget amounted to $20,500.% These numbers
at first seemed daunting to Ian Campbell, the division’s acting chairman, who wrote
to Brown “We cannot wave a wand and say ‘Let there be a geochemical program as
outlined by Harrison Brown,” and hope to have it overnight!”? Still, Campbell knew
that Brown’s outline for a geochemical program would carry a great deal of weight
with Lee DuBridge. Furthermore, Brown knew from his experience at Chicago that the
government could be persuaded to support this work. DuBridge and Sharp knew that
Brown “spent a lot of time in Washington,” that he “had his fingers on the pulse of
a lot of activities there,” and that he “had a very keen sense of where new opportuni-
ties were likely to be forthcoming and what to do about them.”®! They were banking
on Brown'’s ability as an atomic insider to tap into these new opportunities.

Brown'’s experience at Chicago had taught him that the government would support
a general research program if it were appropriately framed as being in the national
interest. As has already been noted, in 1949 he had unsuccessfully requested a far
smaller amount from the Atomic Energy Commission to study the ages and distribu-
tions of elements in meteorites and in the Earth’s crust and the abundances of ele-
ments in the solar system.??> Perhaps it was this rejection, or perhaps it was DuBridge’s
advice, that led Brown to accentuate his uranium expertise and frame his new research
proposal as a study of “critical” materials in nature—uranium in particular—and eco-
nomic processes for their isolation. With help from DuBridge, Brown drafted and
submitted a research proposal to the AEC that went beyond what he asked of Ian
Campbell. Instead of the $76,500 he had requested from Campbell, Brown'’s proposal
to the AEC outlined a two-year research program that would cost more than $350,000.
The new equipment budget allowed for a third mass spectrometer, and the number
of scientific personnel he wanted had increased to nine.”

By “critical” materials, Brown meant uranium and other valuable elements typically
associated with it. Brown’s proposal predicted long-term heavy demand for uranium
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in America’s energy and weapons programs, and contrasted this to the low average
surface concentration of the element (which Brown estimated to be no more than
four grams per ton of rock). It was essential, Brown argued, that the AEC invest in the
development of methods for economically and efficiently refining uranium from
materials that held the element in low concentrations, thus establishing its long-range
supply. The economical means that Brown proposed, and what he claimed his project
would develop, was a method of processing low-grade ores for multiple elements
simultaneously.

The logic was simple. Mining low-grade ores for uranium alone would be prohibi-
tively expensive, and would involve disposing of great amounts of waste materials.
However, if other valuable metals could be isolated from the ore during processing,
the proportional cost of the uranium would be decreased. And although Brown's
proposal began by addressing the AEC’s main concern, it went on to address all the
metals on the “critical” list. Brown argued that supplies of high-grade ores of many
important metals were dwindling. He suggested integrated refining operations that
would target all the valuable materials found in low concentrations on the surface of
the Earth.

Devising such involved mining operations would require a comprehensive research
program concerned with the general geochemistry of uranium and other “critical”
elements. Brown's proposal included using isotope analysis to determine the natural
abundances and concentrations of uranium and other elements in various types of
rock, and using radiometric age determinations of rocks to study geochemical pro-
cesses as a function of time. The program would be highly inclusive, as Brown's
research team would produce a quantitative picture of the geochemical cycle of
uranium, examining the developmental paths taken by uranium in the solidification
of molten rocks, the weathering of igneous rocks, shales, sandstones, and limestones,
and the formation of evaporates, hydrolyzates, and bioliths. Brown also planned to
incorporate biogeochemical studies into his program, determining quantitatively
the extent to which plant forms such as algae enrich uranium and other trace
elements.

Not only was Brown'’s proposed research program extensive; his vision of its appli-
cation was utopian. The general geochemistry program Brown described was to be
completed in the first year of funding, followed in the second year by application of
the knowledge gained to the development of the refining process. Brown had an idea
of the shape his ideal process would take. He provided the AEC with a hypothetical
example that involved isolating uranium from limestone and also isolating calcium,
magnesium, iron, aluminum oxides, manganese, strontium, barium, copper, lead,
and large amounts of carbon dioxide. The process he imagined would use sea
water and air (both harmless and “essentially in infinite supply”) as the main reagents,
and would be powered by clean nuclear energy. The refinery would be attached to an
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algae farm that would use all of the refinery’s carbon dioxide and nitrate wastes to
produce food and useful organic by-products.’ It would be a perfect system, wasting
nothing and producing no pollution. It also perfectly illustrated Bush’s model of the
value of pure research to applied projects.

From Utopia to the Age of the Earth and the Birth of a “Lead Man”

In hindsight, outside of the context of Cold War anxieties about uranium supplies
and optimistic visions of the possible applications of nuclear technologies, the purpose
of Brown’s research program seems unrealistic to say the least. Nonetheless, it made
sufficient sense to the Atomic Energy Commission at the time that the AEC commit-
ted not only to the initial two years of funding Brown requested, but also to numerous
extensions throughout the 1950s.> This gave the new geochemistry program the
distinction of being supported by one of Caltech’s largest unclassified research
contracts.”®

The boost in the Geology Division’s funding gained the geochemists considerable
prestige at Caltech. The experience of the division reflected that of the geosciences as
a whole during the Cold War as universities’ geology departments throughout the
United States set aside traditional field work to become laboratory geology programs.
So internalized did the values of laboratory research become within the geosciences
community in the next few decades that the community soon went from recognizing
that geophysics and geochemistry were fields that the military and the government
funded to arguing that these were the fields that their patrons should fund at the
expense of field work and mapping.?”’

The injection of new money, personnel, and equipment transformed Caltech’s
Geology Division. During the 1950s, when a faculty position opened up, Robert Sharp
tended to give priority to hires that would further help to establish geochemistry at
Caltech. More of the younger set from Chicago who found that there was no way to
move up the chain at the Institute for Nuclear Studies (crowded as it was with senior
statesmen of atomic science) came to Caltech. In the coming years, the faculty of the
Geology Division grew from about a dozen researchers to nearly thirty. Sharp esti-
mated that nearly half of the staff, including himself, shifted their own research
programs toward geochemistry, or employed the geochemical equipment and exper-
tise now available to them.

In addition to supporting individual research projects, the government and military
contracts allowed the Geology Division to purchase expensive equipment that other
geology departments couldn’t afford and to support a technical staff and an admin-
istrative staff. “Before there were government contracts,” Robert Sharp explained, “the
money for such support had to come out of the [division’s] budget. Now much of
the technical and administrative help comes out of grant budgets. We now have a
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large group of secretaries and aids who keep the wheels grinding in our Geology Divi-
sion. Without them, we’d come to a halt tomorrow.”?’

These changes didn’t come without resistance. Older faculty members complained
to Sharp that he was “gutting geology to build geochemistry.”!% Gerald J. Wasserburg,
who came from Urey’s Chicago laboratory to Caltech in 1955, remembers that the
attitude among alumni and older members of the Caltech faculty was that “geochem-
istry was certainly not real geology!”!°! But although the critics may have seen this
Cold War transformation as the end of the golden era that had begun under Millikan
and Buwalda, the new era brought more and more prestige and resources to the divi-
sion. By the end of the 1950s, the investment in geochemistry had positioned Caltech’s
Geology Division as a major player and contract winner in the NASA-funded space
science that accompanied the emerging “space race.”

Contracts had become essential to the operation of the Geology Division. When
in 1957 it came time to replace Beno Gutenberg as director of the Seismology Labora-
tory, rather than passing the position to Hugo Benioff or Charles Richter the division
recruited Maurice Ewing'’s protégé Frank Press. Press was chosen because he “under-
stood the modern world of government contracts” and was expected to use this
understanding to modernize the lab, increase its staff, and bring it “to the forefront
in the modern world.”!*2 What this meant in practice was that Press was able to con-
nect the Seismology Laboratory’s expertise to the detection of atomic weapons tests.

An integrated refining process for “critical” materials such as Harrison Brown had
envisioned never emerged, though Brown spent much of the remainder of his career
involved in political projects concerned with resource development. The initial
research, however, proceeded with gusto, though not always with Brown'’s participa-
tion. It isn’t likely that the Atomic Energy Commission—advised as it was by Brown's
peers (Harold Urey reviewed at least one of Brown’s renewal requests, and Willard
Libby was appointed to the AEC in 1954)—failed to recognize early on that Brown’s
proposed research program was unlikely to produce a useful refining process. It is far
more likely that the AEC didn’t see Brown'’s potential failure to produce a refining
process as a major setback. The AEC got its money’s worth from Brown, in the devel-
opment of new technological methods for the study of isotopes in nature and in the
increased understanding of the geochemistry of uranium and other associated metals.
Thus, the AEC had no reason to worry when the publications Brown listed in his
progress reports were more the type that one might expect from basic research propos-
als, and didn’t actually demonstrate significant progress toward his contract’s stated
goals.

The AEC funds, along with money from the Guggenheim Foundation, allowed
Brown to bring with him from Chicago two members of Urey’s research team: Charles
McKinney, the engineer who had built Urey’s mass spectrometers, and Sam Epstein,
the postdoc who had helped Urey to develop the oxygen thermometer. The
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paleoecologist Heinz Lowenstam, who had worked with Urey and Epstein, also received
an appointment in the division. McKinney built the new mass spectrometers that
would soon make the division a world-renowned center for isotope geochemistry.
Meanwhile, Epstein and Lowenstam continued the oxygen thermometer work initi-
ated in Chicago. Robert Clayton and Lee Silver, two up and coming researchers, also
joined the roster. But perhaps the most famous work to be done by the research team
was the determination of the age of the Earth by Brown’s former graduate student and
postdoc Clair Patterson.

Patterson gained expertise in the use of mass spectrometers while working in the
Manhattan Project’s electromagnetic separation plant at Oak Ridge. After the war, he
decided to follow the atomic scientists to the University of Chicago and pursue a PhD.
There he met Brown, who put him to work on projects related to Brown’s interest in
meteorites and the age of the solar system. The first project involved using mass spec-
trometers to measure the small amounts of uranium and lead isotopes in zircon crys-
tals embedded in rocks in order to determine their geologic age. Brown put Patterson
and another graduate student, George Tilton, on the zircon work. The two students
split the work, and Patterson applied his talents in mass spectrometry to measuring
the isotopic compositions of lead in the samples. “I was the lead man,” Patterson later
recalled, “and Tilton was the uranium man.”1%3

Brown believed that the lead in iron meteorites was primordial lead—lead that had
been preserved unchanged within the meteorites from the time of the solar system'’s
formation. The forming planets had accumulated both lead and uranium, but the iron
meteorites contained no uranium. Whereas terrestrial rocks contained two types of
lead (primordial lead and the lead created by the radioactive decay of uranium and
thorium), the meteorites contained only the original lead of the solar system. Brown
convinced Patterson that once he had perfected his lead techniques with the zircon
samples, he would be able to apply his methods to an iron meteorite. The isotopic
composition of the meteorite would yield the original isotopic composition of primor-
dial lead at the time of the Earth’s formation. By comparing that composition against
the present isotopic composition of terrestrial rocks, Patterson would be able to deter-
mine the age of the Earth. The concept was so simple, Brown assured Patterson, that
the work would be “duck soup.”**

But the work turned out not to be simple at all. In principle, the methods should
have worked. However, Patterson was working with microgram samples of lead, and
was attempting to adapt spectrometer techniques that required milligrams. Moreover,
he was discovering that all his samples were contaminated with lead from industrial
processes. After many failures, Patterson had to put the meteorite work aside while in
Chicago, turning instead to geochronometric work on granites.

After receiving a PhD in 1951, Patterson decided to make another attempt at the
meteorite research. He wrote a proposal to the AEC requesting funds to support a
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postdoc at Chicago for the work. The AEC turned him down: “They said they weren't
interested in measuring the age of the Earth.”’® But Brown was able to fit Patterson'’s
meteorite work under the umbrella of his new AEC contract. At Caltech, Brown had
new labs built for Patterson. Patterson was able to work in a cleaner space, and in the
time since his initial meteorite work he had developed new contamination control
techniques. During his granite work, Patterson had measured the isotopic composition
of contaminant lead and had developed a technique for separating radiogenic lead
from contaminant lead in the mass-spectrometer readout. In 1953, Patterson received
his first meteorite sample. He extracted the lead from the meteorite in his new lab in
Pasadena, then traveled back to Chicago to run the lead through one of Mark Ingh-
ram’s mass spectrometers at Argonne National Laboratory. Shortly afterward, Patterson
announced the age of the Earth: 4.55 billion years.!*

Conclusion

Clair Patterson preferred to describe his own research program as completely basic,
not guided by the desires of sponsors, and not concerned with practical applications.
He told an interviewer that his motivation had been purely “Science, science, sci-
ence!”1” He described Brown’s AEC contract proposals as useful “fibs” that allowed
him to do the research that he deemed worthwhile:

[Brown] went through all these calculations, and he told the Atomic Energy Commission how
there was enough uranium in ordinary igneous rock that if you ground that rock up and then
leached it with hydrochloric acid you would get enough uranium to use in an atomic generator
that would be equivalent in energy to 10,000 tons of coal. It would pay for the energy not only
of grinding up the rock, which required energy, but you would have left over huge amounts of
extra energy. In other words, 10,000 tons of coal would equal the amount of energy of the
uranium in one ton of granite. ... They bought that! And it was that kind of sales pitch he used.
... Iwould say [in my proposals], “Well, I want to know how this chunk of North America evolved
and then got thrown around and came over here, and how this other chunk came up later. And
we want to know when this chunk came up and when that chunk came up, and how they were
related to each other. What was their ancestry?” And the Atomic Energy Commission would say
to me, “To hell with you, Patterson! We don’t care about that stuff at all.” ... And I never got
funded. But Harrison would get them funded for me.!%

However, as was noted above, it is naive to believe that the AEC was oblivious to
what it was actually buying. It is also unrealistic to divide, as Patterson did, Brown'’s
fund-raising efforts from the work done in his laboratory. Work in the social studies
of science has demonstrated that such divisions nearly always break down upon
investigation.!%

Patterson’s demonstrated ability to follow an isotope through time and space, and
to produce a global picture of how that isotope moved through nature, was directly
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related to his sponsors’ Cold War concerns. Furthermore, the prestige of Patterson’s
science and his quantitative data were bestowed not by the methods themselves, but
by the work done by the AEC and other patrons to promote geochemistry and
“earth science” within academia. It is clear that Caltech didn’t invest in isotope
geochemistry because of its proven usefulness; most of the dramatic discoveries that
vindicated the new science—including Patterson’s determination of the age of the
Earth—were yet to come at the time the Geology Division recruited Brown. What
was obvious at the time was not the new field’s proven success, but its proven ability to
attract large sums of contract money. Furthermore, this money was made available
to projects not on the basis of whether they addressed the most timely or important
scientific questions, but on the basis of whether they addressed the most pressing
national-security concerns. And although we might take Patterson at his word that
the AEC money didn’t substantially distort his scientific agenda, we must also rec-
ognize that the money did place him within a privileged group of scientists whose
work was promoted at the expense of other work less related to these concerns (or
to other national-security and geopolitical concerns). One need only consider the
fate of paleontology at Caltech to realize that not all branches of geology benefited
from the support of government or military patrons during the Cold War. When
Chester Stock’s La Brea specimens were sold in 1957 to the Los Angeles County
Museum, the money was used to improve the geochemical facilities that had dis-
placed them.?

Harold Urey, Harrison Brown, and other atomic scientists may have turned to geo-
chemistry because it offered an escape from weapons-related work and an opportunity
to ask fundamental questions about the natural world. Their activities truly did move
from fearing the end of the world to determining the age of the Earth. However, the
work these scientists did and the schools that were founded around them were made
possible because their research programs addressed Cold War military and political
concerns. And though Stephen Brush may claim that it was the prestige of the atomic
scientists that convinced younger scientists to take the new fields of geochemistry and
cosmochemistry seriously, the mass movement into these fields was clearly more a
product of institutional changes in response to funding sources.

The University of Chicago’s Geology Department was transformed not only by its
encounter with Urey, but also by its financial relationship with the Office of Naval
Research. In 1966, Caltech’s Geology Division—significantly affected by its encounter
with Cold War geochemistry, seismology, and eventually space exploration—began
planning the construction of a new 65,000-square-foot Geophysics and Planetary
Science Laboratory.'"" Similar changes took place at universities around the United
States as the Cold War transformed geology, now dominated by geophysical and geo-
chemical approaches, into a component discipline of the new earth and planetary
sciences.
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5 Changing the Mission: From the Cold War to Climate Change

Naomi Oreskes

In 1996, the historian Paul Forman argued that military patronage in physics had
fostered a science of technical mastery and gadgeteering in physics; in 1965, the
oceanographer William von Arx had come to the same conclusion about oceanogra-
phy.! Military patronage was problematic, von Arx argued, because it fostered a culture
of technological bravado at the expense of conceptual understanding. This could be
remedied, however, by changing the focus of oceanographic research. The particular
change von Arx wanted was from warfare to weather (and climate). “This refresh-
ing change of ‘mission’ in ocean research,” he wrote optimistically, “would draw a
different sort of people into marine science. There would be more thought-centered
effort and less thing-centered preoccupation as with deep submersibles ... and other
elements of technological derring-do which ‘big science’ tends to encourage.”?

Foreshadowing conclusions that would soon become commonplace, von Arx noted
that human effects on the natural environment were increasingly evident and worthy
of investigation. “Man,” he wrote, “is altering the radiation balance [of the atmo-
sphere] by his vigorous consumption of fossils fuels.”® This was worthy of serious
scientific attention.

Although von Arx’s complaint foreshadowed Forman’s, his views weren’t typical.
The majority of oceanographers active at that time had mostly good things to say
about their Cold War military patrons. Many have since described the Cold War as a
“golden age” of oceanography, and it is hard for a historian to disagree strongly with
that view. Many significant discoveries were made and advances in conceptual under-
standing emerged that would not have been possible without the financial and logisti-
cal support of the US Navy and the intellectual motivation provided by Cold War
geopolitical demands.* Moreover, the purpose of patronage, military or otherwise, is to
adjust the focus of attention and influence the direction of work, so there are bound
to be those who dislike or disagree with that adjustment. The question for the histo-
rian of scientific knowledge is this: In what specific manner has a patron adjusted
priorities and focused attention, and what epistemic consequences, if any, did those
adjustments and change in focus have?
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Both von Arx and Forman alleged that during the Cold War there was a loss of
conceptual understanding in favor of technological prowess. This chapter examines
that claim by exploring what happened to oceanographers at the end of the Cold War,
when they belatedly took up von Arx’s recommendation in the form of a project called
Acoustic Tomography of Ocean Climate (ATOC). Explicitly conceptualized as an
attempt to turn swords into plowshares, ATOC addressed the question of whether the
oceans were warming in response to increased atmospheric concentrations of carbon
dioxide from the burning of fossil fuels. It ran aground, however, when environmen-
talists and biologists suggested that the proposed investigations might harm marine
mammals, and when members of the lay public interpreted the project as a cover story
for further secret military-scientific projects. The scientific and public opposition to
the Acoustic Tomography of Ocean Climate project suggests that military patronage
had both epistemic consequences and also social and political ones. And some of these
consequences remained salient even after the Cold War was over.

Anthropogenic Climate Change as a Scientific Opportanity

William von Arx was neither idiosyncratic nor clairvoyant in calling attention to
anthropogenic climate change. It had been known since the nineteenth century that
CO; was a greenhouse gas—highly transparent to visible light, fairly opaque to infra-
red—and that its presence in the atmosphere made Earth a comfortably warm planet.
Among physicists, oceanographers, geologists, and geophysicists it had also become
broadly accepted that changing concentrations of atmospheric CO, could affect the
climate by altering Earth’s radiative balance. That led Charles David Keeling, a geo-
chemist at the Scripps Institution of Oceanography in San Diego, to begin systematic
measurement of atmospheric carbon dioxide in 1958.3

Keeling was a junior colleague of the oceanographer Roger Revelle and the geo-
chemist Hans Suess, who had emphasized the historically unprecedented character of
mid-twentieth-century human activities. Humans had become geological agents, they
argued, returning to the biosphere in just a few centuries organic carbon that had
accumulated in rocks over the course of hundreds of millions of years. In hindsight,
a 1957 paper by Revelle and Suess is often cited as an early warning of the dangers of
global warming, but in fact, consistent with the Cold War spirit of making scientific
virtue out of political necessity, Revelle and Suess were primarily making the point
that global warming presented a scientific opportunity:

[HJuman beings are now carrying out a large scale geophysical experiment of a kind that could
not have happened in the past nor be reproduced in the future. Within a few centuries we are
returning to the atmosphere and oceans the concentrated organic carbon stored in sedimentary
rocks over hundreds of millions of years. This experiment, if adequately documented, may yield
a far-reaching insight into the processes determining weather and climate.®
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As the human population and its use of resources continued to increase, the rising
atmospheric concentration of CO, probably would be large enough to produce detect-
able climatic effects; Revelle and Suess suggested that scientists try to document those
effects:

In contemplating the probably large increase in CO, production by fossil fuel combustion in
coming decades, we conclude that a total increase of 20-40 in atmospheric CO, can be antici-
pated. This should certainly be adequate to allow a determination of the effects, if any, of changes
in atmospheric carbon dioxide on weather and climate throughout the Earth.”

How large these effects would be would depend on the fraction of CO, accumulated
in the atmosphere relative to the fraction taken up by the biosphere and absorbed by
the oceans. Within a few years, Keeling's data showed that about half of the released
CO, was “missing” and presumed to have been absorbed into the oceans or taken up
by plants. The remainder stayed in the atmosphere, where its concentration was on
the rise.

In the mid 1960s, most Earth scientists—particularly geologists focusing on geologi-
cal rather than human time scales—believed that the planet was heading naturally
toward an ice age. If they considered human impacts (and most did not), perhaps they
expected accelerated cooling caused by sulfate aerosols and other particulate emis-
sions; with coal the dominant source of fossil-fuel energy, these effects looked to be
larger than any possible warming effect. The geophysicist Gordon MacDonald later
wrote: “In 1969, it seemed plausible that our activities could either lead to a disastrous
ice age or to an equally disastrous melting of the polar ice caps.”®

Things changed, however, as more scientists began to learn of Keeling’s measure-
ments, which showed that absolute values of atmospheric CO, were steadily climbing.’
By the 1970s, a number of scientists were building numerical simulation models to
predict when a detectable climate signal might occur. In 1978, Oceanus, the official
journal of the Woods Hole Oceanographic Institution in Massachusetts, dedicated a
special issue to “Oceans and Climate”; in the introduction, Robert M. White, chairman
of the National Research Council’s Climate Research Board, wrote:

We now understand that industrial wastes, such as carbon dioxide released during the burning
of fossil fuels, can have consequences for climate that pose a considerable threat to future society.
The Geophysics Research Board of the National Research Council in its recent report, “Energy
and Climate,” foresees the possibility of a quadrupling of the CO, content of the atmosphere in
the next two centuries with a possible increase of 6 degrees Celsius in global surface temperatures.
... [E]xperiences of the past decade have demonstrated the consequences of even modest fluctua-
tions in climatic conditions [and] lent a new urgency to the study of climate. ... The scientific
problems are formidable, the technological problems, unprecedented, and the potential eco-
nomic and social impacts, ominous.”!®
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In 1979, the World Meteorological Organization held the first World Climate Con-
ference, issuing an “appeal to nations” to “foresee and prevent potential man-made
changes in climate that might be adverse to the well-being of humanity”!" and focus-
ing particularly on “the burning of fossil fuels, deforestation, and changes in land use
[that] have increased the amount of carbon dioxide in the atmosphere.”!> When would
such changes occur? Few scientists were prepared to say; most who ventured a guess
imagined not before 2000. When the 1980s turned out to be the warmest decade on
record (thus far), and the midwestern states experienced major heat waves and
droughts, some scientists concluded that a detectable signal had occurred and that the
costs of climate change were beginning to be felt.!

Still, heat waves were nothing new; could one say that this was something other
than natural variability?'* “Mathematical models of the world’s climate indicate that
the answer is probably yes,” Roger Revelle concluded in 1982, “but an unambiguous
climate signal has not yet been detected.”™ To find that unambiguous climate signal,
oceanographers proposed an ambitious project called Acoustic Tomography of Ocean
Climate.

Taking the Ocean’s Temperature

Scientists today tell us that anthropogenic global warming is “unequivocal,” but it has
taken decades to reach this conclusion.'® One reason is that there is no thermometer
that permits direct measurement of Earth’s temperature; scientists calculate the tem-
perature from diverse historical records and geological proxies, and these calculations
involve numerous inferences and assumptions.!” But what if you could measure Earth’s
average temperature, more or less directly? This question was posed in the early 1980s
by a group of oceanographers at the Scripps Institution of Oceanography and the
Woods Hole Oceanographic Institution. Their answer was that you could, using the
speed of sound in the oceans.

The speed of sound in water is temperature dependent, so if the oceans are warm-
ing then the speed of sound in them should be increasing. Since the oceans cover
about 70 percent of the Earth’s surface, an average ocean temperature would be
pretty close to an average global temperature, and it would be more reliable than an
atmospheric average because the oceans are less temporally and spatially variable.
Moreover, sound can travel very long distances in the ocean so its speed over those
distances is a measure of the average temperature of the water along the way. Release
sound from a high-intensity source and record the travel time to a receiver, and in
effect you measure the average temperature of the water mass through which the
sound has traveled. A long-range transmission, say from Honolulu, Hawaii to Half
Moon Bay, in California, could provide an integrated assessment of the thermal
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conditions of the water between those two points. So acoustic velocity is a
thermometer.'

Ocean acoustic tomography was developed in the 1970s by Walter Munk and Carl
Wunsch." The technique is acoustic because it relies on sound waves; it is tomographic
because it creates an image using vertical slices through the water column, and the
measurements from the numerous pathways, or slices, are integrated to create a picture
of the ocean through which the sound has traveled.?’ The technique relies on low-
frequency sound waves (which travel efficaciously over long distances) by integrating
information from sound waves that have traveled over various possible “ray paths.”
It works over long distances because the ocean sound channel permits the propagation
of low-frequency sound with minimal attenuation.?!

If scientists could take measurements around the world, collect the ray paths, and
analyze the travel times, then they would come close to measuring the average ocean
temperature at that moment. If they did it repeatedly for a decade, then they would
have an independent assessment of whether the ocean--and thus the planet—was
warming.

The acoustic thermometer depended on a precise understanding of the relationship
between sound velocity and ocean conditions, but that relationship was very well
understood. As early as World War I, scientists in Germany, Russia, and the United
States worked on underwater sound transmission, and the topic became a major focus
of the US National Defense Research Committee during World War II, inspired by the
exigencies of submarine warfare.?> With the development, during the Cold War, of
SOSUS (SOund SUrveillance System—the secret US underwater acoustic system that
tracked Soviet submarines) and of submarine-launched ballistic missiles, these pro-
grams flourished; some scientists at the Scripps Institution of Oceanography jested
that it should be renamed the Scripps Institution of Underwater Listening and Loca-
tion.? At both Scripps and Woods Hole, Navy funding flowed in for studies of under-
water sound.?* By the 1980s, Office of Naval Research support for acoustic research at
Woods Hole amounted to $1.5 million per year, the largest single project at the Insti-
tution.?® ATOC built on this history of Navy largesse and focus. Because the SOSUS
network provided the equipment needed to detect the sound transmissions, the sci-
entists would be relying on a well-tested, well-maintained technology with global
reach.?®

William von Arx had thought that shifting from warfare to weather would enable
oceanographers to escape the Navy yoke, but things didn’t exactly work out that
way. On the contrary, the ATOC project was designed to exploit existing Navy
technology and facilities, and the scientists involved turned to their existing
Navy patrons for funding. The Office of Naval Research would support the use of
data processing and recording equipment at the University of Michigan’s Cooley
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Figure 5.1

A map showing ray paths from Heard Island across the world ocean to oceanographic research
institutions on five continents. Source: Walter Munk and A. M. G. Forbes, “Global Ocean
Warming: An Acoustic Measure?” Journal of Physical Oceanography 19 (1989): 1765-1777.

Electronics Laboratory and at the Navy’s communications facility at Centerville Beach,
California. The proof of concept would occur at Heard Island in the southern Indian
Ocean, from which there were unimpeded ray paths that could reach research stations
in Brazil, India, South Africa, Australia, and the east and west coasts of the United
States.?”

Meanwhile, the oceanographer John Spiesberger and his colleagues at Woods Hole
had preliminary results from the northeast Pacific demonstrating the concept’s feasi-
bility. They summarized these results in 1991 in the Journal of Geophysical Research and
in a Woods Hole internal report, concluding in the latter that the results demonstrated
that it was “possible to accumulate long records of arrival times that might be used
to ... measur[e] oceanic thermal changes associated with global warming brought on
by increases in greenhouse gases.”?®

A Risk to Marine Mammals?
The Heard Island Feasibility Test was scheduled for January of 1991. “The issues in

[the Heard Island Feasibility Test],” Walter Munk explained a few years later, “were:
can signals generated by currently available acoustic sources be detected at ranges
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of order 10 Mm [mega-meters, i.e., thousands of kilometers], can coded signals be
‘matched filtered’ to measure travel time to better than 0.1 [second], and can this
be done without harm to local marine life?”?° This, however, was a bit of revisionist
history, because in the early ATOC proposals there was no discussion of potential harm
to marine life. Tomography had been conceptualized and developed by physical
oceanographers and engineers to whom the prospect of interfering with marine life
evidently hadn’t occurred or hadn’t seemed strong enough to pursue. Perhaps this was
because they were using familiar technology whose safe operation they took for
granted. Perhaps, because no biologists were involved in developing the project, the
issue never came up. Or perhaps because, as J. Robert Oppenheimer said about
the hydrogen bomb, it was technically so sweet that it just drew you in.

However, in the United States the Marine Mammal Protection Act of 1972 and the
Endangered Species Act of 1973 prohibit the “taking” of any federally listed endan-
gered or threatened species without authorization, and “taking” is defined very broadly
as any activity that tends to harass, harm, pursue, shoot, wound, kill, trap, capture,
collect, or to attempt to do any such thing.?° Quite a few species of marine mammals,
including some species of endangered or threatened whales, hear low-frequency
sound, so the National Marine Fisheries Service concluded that the ATOC sounds
might “take” whales, and that authorization was required. Yet the project was
ready to go, and to reschedule it wouldn’t be easy. So the participants set sail from
Fremantle, Western Australia, hoping that the required permits would arrive in time,
while colleagues, hoping to expedite the process, got in touch with contacts in
Washington.?!

Eight days before the scheduled start of transmissions, the permits were approved,
but with the stipulation that a monitoring team look for adverse affects on marine life
in the area. Four marine-mammal observers (one of them a bio-acoustician) were to be
aboard a dedicated survey vessel; three additional observers traveling with the sound
source would “monitor the effects of the transmission on marine mammals close to
the source,” with comparative observations made before and after each transmission.
If marine mammals were “sighted or heard ... within 5 km of the source,” or “in the
event of injury or mortality of one animal,” the transmissions were to be delayed or
suspended. The results of the biological observations were to be submitted to the
National Marine Fisheries Service within 90 days of completion of the experiment.*?
With little time to spare, the Scripps oceanographers recruited Ann Bowles, a junior
biologist from the nearby Hubbs Sea World in San Diego, to serve as bioacoustician
and to supervise the monitoring program.* (Bowles would later earn a PhD at Scripps
for a study of vocal recognition in emperor penguins, but at the time she had only a
BA in linguistics.**) She found that sperm whales’ sonar clicks were noticeably absent
during the transmission periods, but she and her team concluded that the whales’
silences weren’t “associated with long-term effects.”3> With that, the scientists made
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plans to launch the Acoustic Tomography of Ocean Climate project, an ambitious
worldwide program, running over a decade, to definitively detect global warming.

From Heard Island to ATOC

The Acoustic Tomography of Ocean Climate project would be as expensive as it was
ambitious, but this ambition was made realizable by the creation of a new federal
program (advocated by Senator Albert Gore Jr.), the Strategic Environmental Research
and Development Program (SERDP), which had been established by Congress in 1990
as a program within the Department of Defense’s Advanced Research Projects Agency.
The goal of SERDP was to “harness some of the resources of the defense establishment
... to confront the massive environmental problems facing our nation and the world
today”—that is, to turn Cold War swords into scientific plowshares.*¢ By this time, the
idea of ATOC had been around for a decade, but its implementation was made pos-
sible by the release of military hardware for civilian purposes at the end of the Cold
War. In February of 1993, the Scripps Institution was awarded a $35 million contract
to run the ATOC project.

Heard Island’s acoustic access to the ocean was impressive—its signals were detected
at sites around the globe—but this was outweighed by the logistical difficulties of
working in such a remote location. The realized project would be moved closer to
home, exploiting existing Navy facilities in Hawaii and California and relying primar-
ily on bottom-mounted horizontal hydrophone arrays maintained by the Navy as part
of SOSUS.*” During the proposed initial two-year project period, a 20-minute signal
would be released every four hours, up to six times per day, seven days a week. To
communicate more clearly the intent to detect to climate change, the acronym ATOC
was now said to stand for Acoustic Thermometry of Ocean Climate.

To manage a large project with such complex logistics, the Scripps Institution con-
tracted with Science Applications, Inc. (SAIC), a private science and engineering firm
with extensive military contracts, who helped to prepare the necessary permit applica-
tions. This time scientists knew in advance that they would need permits, particularly
because the California source would be located on Sur Ridge, within the boundaries
of the Monterey Bay National Marine Sanctuary, a federally protected marine area,
and linked by a 22-mile cable to the Point Sur Naval Facility at the southern end of
the Monterey Bay, in an area of California famous for its spectacular coastline and
abundant marine life and a human population highly attuned to environmental
issues. Before a full-scale program could go forward, biological concerns would have
to be addressed.

One major question was whether the oceanographers would have to obtain a formal
legal release from the laws prohibiting activities that might adversely affect threatened
or endangered marine species. According to a Fish and Wildlife Service official who
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reviewed the proposal, ATOC might harass marine mammals, since by law the term
‘harass’ would include any “intentional or negligent act or omission that creates the
likelihood of injury to wildlife by annoying it to such an extent as to significantly
disrupt normal behavioral patterns which includes breeding, feeding, or sheltering.”3®
Since the acoustic transmission would penetrate a large portion of the Pacific, the poten-
tial for “harassment” was considerable. Ann Bowles disagreed, arguing to the National
Marine Fisheries Service’s Office of Protected Resources that small cetaceans and monk
seals have poor hearing in the relevant frequency range, and that humpback whales,
which do hear well in that range, swam through the region only for a few months
each year. “Within the zone of influence, humpback whales may alter swim direction
and exhibit subtle changes in behavior until they habituate,” she speculated, but this
was too minor to constitute a “take.”*® “We do not anticipate any deleterious effects
to the hearing, migration, communication or reproduction of marine mammals,”
Bowles explained, “although some species may avoid the transmission site during
the first few months of exposure.”* Representatives of the National Marine Fisheries
Service rejected this interpretation, concluding that behavioral changes did represent
a “take” and that the ATOC team would have to apply for a “small take exemption.”
Public hearings would be required, then a 60-day comment period, then a 120-day
lag between comments and agency response, and finally additional time for the Office
of Management and Budget to approve the legal exemption.*' Bowles and her col-
leagues were shocked at the prospect of a long delay for what seemed to them to be
purely bureaucratic reasons, and they tried to find another approach. Exceptions to
the “taking” rule were permitted for a small number of specific reasons falling into
two main categories. The first category excepted commercial activities; ATOC clearly
was not such an activity.*? The second category excepted bona fide scientific activities
that supported the overall conservation goals of the Marine Mammal Protection Act,
including survival and recovery efforts such as captive breeding.*> That wasn’t the
purpose of ATOC, either, although the idea of pretending that it was had occurred to
ATOC scientists. As Ann Bowles explained to David Hyde, a physical oceanographer
who had been hired to serve as ATOC project manager: “You can’t get a scientific
research permit because ... NMES already knows you are doing the work for other
reasons.”**

Bowles whined that none of the required steps—public hearings, public comments,
agency responses—were “really necessary to protect the marine mammals; in fact they
foster resistance among agencies and commercial operations to approach NMFS at all.
Other sources of noise, such as shipping, most tomographic experiments, and private
vessels are completely unregulated. Therefore, as usual, the scientific community is
getting picked on.” Bowles noted that the Marine Mammal Protection Act was up for
re-authorization, and suggested that the Department of Defense “put some lobbyist
to work to try to get the regulation changed.”+
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Bowles’ comments revealed a number of presumptions. One was that the ocean
was already filled with noise, so what additional difference would ATOC make? To
single out ATOC when so many other sources of noise were allowed seemed arbitrary.
She and her colleagues had a point, insofar as noise in the ocean was poorly studied,
but that did not mean that it did no harm. Her comments also suggest that she
believed that scientific research—perhaps because its aims were altruistic rather than
mercenary—should be exempted from legal restrictions. As the historian Etienne Ben-
son has recently noted, this view was common among scientists of a certain generation
and bent; for example, Carl Hubbs—for whom Hubbs Sea World was named—had
opposed an early version of the Marine Mammal Protection Act because it lacked
exceptions for scientific and educational work.*

Bowles seemed to suggest that scientists should try to change laws that didn’t suit
them—a view that, however justified, would not, in the end, serve her or her col-
leagues well. After all, if scientists tried to change laws to suit them—even at the
expense of the research subjects they claimed to care about—weren’t they just another
interest group? (Many citizens would later come to just that conclusion.) Whatever
the case, once the National Marine Fisheries Service determined that ATOC would
require an exemption, Bowles focused her attention on getting it. If the scientists suc-
ceeded, then at least they would have “no problems with stupid and useless monitor-
ing requirements above and beyond what we have already agreed to, if we can just
get through the regulatory paperwork.”*’

Guidelines set by the National Marine Fisheries Service required the scientists to
calculate the numbers of animals likely to be “taken” on the basis of the numbers of
marine mammals and other species that inhabited the waters, that swam at depths
where the transmissions could be heard, and that heard in the relevant frequency
range. Making such estimates wasn't trivial, particularly because data on marine mam-
mal numbers and habits were scant, and because the ATOC signal was designed to
penetrate the whole ocean, so on some interpretations, ATOC might end up “taking”
just about all the whales. “It looks,” Bowles admitted, “like we’re going to get a permit
to take an astronomical number of whales.”* Bowles thought this wouldn’t be a
problem (“apparently no one raised an eyebrow about the 386,000 marine mammals
we were supposed to disturb at Heard Island”), but Bowles did realize that an early
draft application made it seem as if ATOC was a done deal—something that might
prove problematic. “I'd like to suggest a couple of minor changes that may save us
some trouble later,” she wrote. “[Y]ou should emphasize that you are developing this
Acoustic Observatory rather than treating it as a fait accompli. This covers your backside
and emphasizes the fact that this project is really research.”*

Was ATOC really research? More to the point, was the biological side of the program
research? This became a point of discussion among the ATOC scientists, particularly
Christopher W. Clark, a biologist-engineer at Cornell specializing in the acoustic
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response of marine mammals, and Daniel P. Costa, a professor of Ecology and Evolu-
tionary Biology at the University of California, Santa Cruz. Clark had worked with the
Navy on “Whales 93,” an initiative that had used the Navy’s Integrated Undersea
Surveillance System to locate and track whales on ocean basin scales; Costa was now
working with the Office of Naval Research on the announcement of a new program
in low-frequency sound, and was in the process of developing a proposal for studying
the effects of sound on elephant seals.>

Both Clark and Costa were disturbed by the ATOC research plan, which did indeed
look like a fait accompli. They also drew a distinction between monitoring and
research. Bowles had formulated the work as a monitoring program; Clark and Costa
argued that this was a bad approach, both scientifically and politically. Scientifically,
it didn't (in their view) constitute research, for it wouldn’t answer any basic scientific
questions. If effects were observed, there wouldn’t be any way to explain why; if effects
were not observed, the scientists would be stuck with the logical problem of equating
the absence of evidence with evidence of absence. Politically, the ATOC scientists did
appear to be covering their derrieres. Clark and Costa agreed with Bowles that the
project needed to be “really research,” and they didn’t think that as it stood it was.

What ATOC needed, Christopher Clark argued, was a well-structured scientific
research program capable of determining whether systematic behavioral changes were
occurring, and whether those changes were comparable with other oceanographic or
meteorological variables. The studies, Clark suggested, should analyze species-specific
vocal rates and repertoires, locate and tracking individual whales, characterize whales’
migration tracks and corridors, and evaluate species-specific spatial and temporal
distribution in enough detail to produce scientifically meaningful results. Solid data
on these matters would both enable scientists to determine whether or not ATOC had
changed marine mammals’ behavior and contribute to the basic understanding of
those mammals. This would also increase the likelihood that both biologists and
agency officials would see the program as beneficial. Costa agreed. “The goal [should
be to get] solid data, so that 2 years from now you can go to the table and say, “look
here are data that show. ...”5! After all, Clark concluded, whales were “not going to go
away.”*?

The ATOC scientists began to design a $2.9 million program for studying marine
mammals—which they now called their Marine Mammal Research Program (MMRP)—
to accompany the first phase of ATOC.* The revised permit application emphasized
that full-scale acoustic tomography would not proceed until the MMRP had resolved
the question of impacts. In September of 1993, the scientists submitted a draft applica-
tion to the National Marine Fisheries Service for a Scientific Research Permit with a
small “take” exemption.>* By the Scripps Institution’s own estimate, the ATOC's “take”
could be up to 670,000 animals per year, encompassing ten different species of whales
(including blue, fin, sei, gray, right, sperm, minke, and humpback), eight species of
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dolphins and porpoises, and various seals, sea lions, otters, and turtles, some of threat-
ened or endangered species.®

“Whale Lovers Went Wild”

Public hearings on ATOC were announced in the Federal Register of February 3, 1994
and scheduled for March 22. As word of the project spread, opposition grew among
marine biologists, conservationists, and, especially, whale aficionados. As one conser-
vationist put it, “whale lovers went wild.”*® Led by Hal Whitehead (a biologist at
Dalhousie University in Nova Scotia) and Linda (Lindy) Weilgart (a postdoctoral
fellow in Cornell University’s Bioacoustics Research Program), opponents of the pro-
ject took to the Internet, drawing on a listserv of persons interested in marine mam-
mals that had more than 1,500 subscribers (marmam@uvvm.uvic.ca).’” Postings
warned of potentially severe damage to marine mammals and suggested that the
rushed nature of the original permitting process was a deliberate attempt to avoid
public scrutiny.s®

Because it seemed likely that the hearing process would be highly contentious,
Scripps Director Edward Frieman sent a letter defending the project to a long list of
senators and representatives, urging them to express support for ATOC to the National
Marine Fisheries Service (NMES). Frieman supplied a sample letter and the NMFS’s fax
number. He sought to steer the conversation away from whales and back to global
warming, emphasizing that ATOC could provide concrete data that would enable
researchers to assess whether climate models, which suggested that warming was
already underway, were correct. “The current projections of global warming,” Frieman
wrote, “are largely based on computer modeling [and] there are no measurements of
ocean temperature which can be used to assess the modeling predictions. ATOC's
ability to measure annual change in ocean temperature ... will fill in a critical missing
piece in the global warming puzzle.”*°

John R. Potter, a scientist at Scripps, blamed the public outcry on an article in the
Los Angeles Times, published on March 22 to coincide with the first public hearings,
in which Lindy Weilgart had asserted that ATOC could make whales deaf. But the risk
of deafening whales had already been placed into public conversation in a feature
story in the San Diego Union-Tribune, where the possibility had been raised not by
hysterical environmentalists or sentimental whale lovers, but by a Navy veterinarian
named Sam Ridgway. Ridgway, the chief veterinarian in the Navy’s Marine Mammal
Research Program, had worked for more than 30 years at the Naval Control and Ocean
Surveillance Center at Point Loma.*® The Union-Tribune article explained that the Navy
had, for some time, been training dolphins, whales, and sea lions to one day “help
fight a war.” The Point Loma facility housed dozens of marine mammals, more than
fifty of which were considered “surplus—some of them retired from active duty
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stretching back to patrolling Vietnam’s Cam Ranh Bay.” Three beluga whales, captured
in 1977, had been used in experiments related to submarine warfare beneath the polar
ice caps. Dolphins had been used in sonar research. Whales had had wires attached
to their heads to record their brain waves. Ridgway’s long experience made him
uniquely suited to evaluate the impact of the ATOC transmissions, and he felt that it
was possible for whales’ hearing to become overloaded by the ATOC sounds. He con-
cluded: “Continued exposure to this degree of sound could result in some degree of
deafness.”®!

Walter Munk and David Hyde argued otherwise. Munk insisted there was “a great
deal of scientific literature that would suggest that the sound levels we're generating
do not do any damage.” Hyde was quoted as flatly asserting that the ATOC transmis-
sions “cannot cause long-term hearing damage.”*> The next day, the Los Angeles Times
ran a front-page story under the headline “Undersea Noise Test Could Risk Making
Whales Deaf.” The debate was cast as a clash of the Titans: between scientists promis-
ing to solve the problem of global warming and marine biologists wanting to save the
whales. The whales were represented by Lindy Weilgart, who insisted that ATOC’s
sounds might cause deafness in nearby whales, “leaving them unable to navigate or
find food.” She noted that the ATOC broadcasts at 195 decibels were “10 million times
as loud as the 120-decibel levels that were known to disturb some whales.” “We are
invading an ocean habitat that so far has been untouched by man,” she continued.
“It's an experiment of tremendous implications and we are doing it without a clue of
what it would do.”% She concluded with a line that was widely quoted: “A deaf whale
is a dead whale.”®* ATOC scientists would later cite these comments as evidence that
the public had become inflamed on the basis of a misunderstanding. Weilgart’s com-
ments about the logarithmic decibel scale would have been true had they referred to
sound transmission in air, but transmission through water is different—195 decibels
in water doesn’t have the same effect on an eardrum as 195 decibels in air.®> Anyone
who had had anything to do with Navy’s extensive undersea programs—or knew
anything about the history of whaling or fishing or telegraphy—knew that to say that
the deep ocean habitat was “untouched by man” was just plain wrong.®® On the other
hand, by ATOC scientists’ own account, the ATOC signal was equivalent to 110 dB in
air—a level of noise comparable to that produced by a rock band.” While the signal
might not be deafening, even to a human it would be very, very loud.

The Los Angeles Times article was syndicated in local papers across California, in
the Orlando Sentinel, in the Detroit News, in the Denver Post, and in other papers, often
under headlines even more inflammatory than the original one. Several referred to
the acoustic source as a “boombox,” while the Portland Press Herald presented a risk
as a fact: “Sound-Blast Proposal Imperils Sea Creatures: The High-Decibel Experiments,
Part of Global-Warming Research, Would Harass and Kill Whales and Dolphins.”
Meanwhile, scientists on both sides of the issue prepared for the hearings.
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NMFS Hearings, March 1994

Initial hearings were held at the headquarters of the National Marine Fisheries Service
in Silver Spring, Maryland. In his testimony, Walter Munk said that the ocean was not
only an important reservoir of global heat and carbon dioxide but also a “reservoir of
ignorance.” ATOC could diminish that ignorance, and help to ensure that policy deci-
sions were made on the basis of complete information. Robert M. White, president of
the National Academy of Engineering, vice chairman of the National Research Coun-
cil, and former head of the National Center for Atmospheric Research who had warned
of the dangers of global warming in 1978, wrote a seven-page letter in support of the
project, emphasizing that information on global ocean temperatures was needed to
determine “whether climate warming is unequivocally occurring.”®® Although protect-
ing marine mammals was important, he argued, the need for information about global
climate change was urgent, and land-based and satellite measurements weren’t likely
to be as conclusive as ATOC.%

Christopher Clark testified that biological effects probably would be small and he
assured the assembled group that any harm to marine mammals would be to him “a
particularly acute concern.”’® But few biologists stood with him. Besides Hal White-
head and Linda Weilgart, others testifying against ATOC included Robbins Barstow, a
past president of the Cetacean Society, who criticized the oceanographers for resisting
public scrutiny, asserting that both the public and other scientists—particularly marine
biologists—had the right to “question and debate the merits of this request and its
implications for marine mammals and ocean ecology.””!

Newspaper editors seemed to agree. The day after the hearings, the Los Angeles Times
article was picked up by more West Coast papers, including the Seattle Times and the
Oregonian, and by the Associated Press; “A deaf whale is a dead whale” was spreading
around the country. The Los Angeles Times published a follow-up article describing
how activists were mobilizing to stop the ATOC project. A marketing director in Los
Angeles was quoted: “This is a nightmare. I've been calling everyone I know. I've been
calling senators and the governor. It would be criminal to do this.””> This article, too,
was widely syndicated. In the San Jose Mercury News, the quotation from the Los Ange-
les marketing director was printed under the headline in large boldface type. ATOC
was no longer a scientific project being evaluated by scientists on scientific terms.” It
was now a public affair, even a cause celebre.

A spokesman for the National Marine Fisheries Service described the public response
as “unprecedented.” Letters, faxes, phone calls, and email poured into the NMES'’s
offices, not only from ordinary citizens but also from members of Congress. On March
23, a group of congressional representatives of Pacific Rim constituencies—Patsy Mink
of Hawaii and George Miller, Ron Dellums, and Sam Farr of California—wrote to Sec-
retary of Commerce Ronald Brown requesting an extension of the public comment
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period on the permit applications. (The NMFS is part of the National Oceanic and
Atmospheric Administration, which is part of the Department of Commerce.)”* Sena-
tor Barbara Boxer asked for the public hearings to be held in California; her request
was seconded by George Miller, the Democratic chairman of the House Natural
Resources Committee, by Gerry Studds, chairman of the House Merchant Marine and
Fisheries Committee, and by California’s senior Senator, Dianne Feinstein.”> Both
Boxer and Feinstein also wrote to the NMFS, Feinstein asking whether the experiment
could be done elsewhere and with less impact on marine mammals.”®

The Scripps Institution’s communications office blamed the situation on the news
media, particularly the widely syndicated Los Angeles Times article, and adverse cover-
age was certainly continuing. Editorials against the project appeared across the coun-
try. The San Francisco Examiner took a particularly critical position: “Imagine what it
would be like if aliens from space decided—in the name of science—to target the
Earth’s inhabitants from their orbiting ships with megadecibel blasts of noise that
could frighten or deafen many of the people below. Substitute humans for aliens, and
you pretty much have the scenario for an experiment proposed by the Scripps Institu-
tion of Oceanography.””’

The Ventura Star called the project “frightful,” the Seattle Post-Intelligencer called it
“goofy.” Alluding to claims that many marine mammals were deaf in the 70-hertz
frequency range, the Los Angeles Times concluded that it was the Scripps scientists who
were deaf. The San Francisco Chronicle concluded that they were both deaf and dumb:
“Whales and dolphins, which are known to have a high degree of intelligence, must
be wondering just how lethally dumb their terrestrial mammalian cousins can get.””8
An op-ed writer in the Santa Barbara News-Press wrote: “These people are all supposed
to have college degrees, aren’t they? The only rational explanation for this scheme is
that the Scrippsites have already run this experiment on themselves, scrambling their
brains beyond recognition.””’

On March 31, the Advisory Council of the Monterey Bay National Marine Sanctuary
called for a delay until more information was gathered.®® On April 5, the New York
Times quoted Sylvia Earle, a distinguished marine biologist and a former chief scientist
of NOAA, as saying “If you further damage the patient, the Earth, while you try to
take its temperature, then maybe the method is flawed.”#!

In a letter sent to more than 68 members of Congress, Ed Frieman tried to counter
the “deeply disturb[ing]” media coverage by outlining the various steps that had been
taken to minimize impacts, and to detect any impacts that did occur.®? He also wrote
to the E.W. Scripps Associates—prominent individuals who supported the institution
morally and financially, including the medical researcher Jonas Salk, the former news-
caster Walter Cronkite, the philanthropists David Packard and Cecil Green, and the
actor Ted Danson—to reassure them that the ATOC scientists had not had their brains
scrambled. ATOC was “the most significant effort to date to determine if greenhouse
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gases are indeed causing a heat transfer to the oceans as part of global warming,”
Frieman explained. “Until global warming is better understood, governments will not
be able to take effective steps to counteract its negative impact.”#?

Damage Control

The Scripps Institution now launched an organized public-relations effort. A commu-
nications officer named Cindy Clark prepared a package of materials to be sent to her
counterparts at Woods Hole and other oceanographic institutions. Blaming the media
for creating “public hysteria,” she explained that “ATOC scientists were unable to
convince this audience [at the NMFS hearings] that the project would do no real harm
to the marine ecosystem” and she asked that the other institutions’ communications
officers “help to serve as the point of contact for your local media and government
offices.®* She included model letters to officials and suggestions for specific actions,
such as calling local science writers.

Clark also asked for feedback on an ATOC “fact sheet” in the form of a set of ques-
tions and answers, released over the signature of Walter Munk.®> One portion of the
fact sheet read as follows.

Q: How are ATOC's acoustic sources designed to minimize impact on marine mammals?

A: The sources will radiate about 200 watts of acoustic energy, much less than many sonars,
communications, and geophysical research sound sources which have been in use for many years.
The ATOC signal is about the same level as radiated by an individual large ship traveling at 20
knots speed. ... The ATOC source transmits a very low frequency sound, spread from 60 to 90
Hz, which sounds like a distant rumbling to the human ear. Its energy is in the frequency band
below the range most animals hear. ...

Q: Will the ATOC underwater sounds deafen whales, dolphins, seals or sea lions?

A: Definitely not. No physiological damage will occur to marine life as a result of ATOC sounds,
even if they dive deep. Ships pass by animals hundreds of times a day without their sounds
harming them.

This “fact” sheet was circulated among Woods Hole scientists, one of whom sent it to
Chris Clark (no relation to Cindy).%¢ In response to the question of how ATOC's acous-
tic sources were “designed” to minimize impacts, Clark wrote: “I think it is unwise
and slightly untrue to say that ... the source characteristics were designed to minimize
impact. ... The reasons were based on [the] oceanographic experiment’s needs. ...”
Next to the question whether ATOC signal would deafen mammals, Clark wrote “This
is scientifically not a true response,” annotating the fact sheet in italics:

No physiological damage will occur to marine life as a result of ATOC sounds, even if they dive
deep. Ships pass by animals hundreds of times a day without their sounds harming them (we
don’t know this). ... Scientific data (what data?). ...
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He suggested the following rewording:

Although there are no specific scientific experimental data relating low-frequency underwater
sound levels with auditory damage, we believe that there is little chance that animals will suffer
physiological damage as a result of ATOC sounds. The animals (i.e., blue, finback, humpback
whales, etc.) believed to have the most sensitive hearing in the frequency ranges of the ATOC
sounds are not known to dive deeply enough to come with a range (~500-600 feet) of the loud-
speaker that might cause temporary loss of hearing. The animals (i.e. toothed whales, sea lions,
turtles, seals) that are known to dive to great depths probably have poor hearing in the frequency
range of the ATOC sound. However, scientific knowledge on this subject of the effect of loud,
low-frequency sounds and marine mammals is extremely limited, and it is for this reason that
we are supporting marine mammal research.®’

Chris Clark’s response was forwarded to Woods Hole’s director, Robert Gagosian, who
concluded that Woods Hole should not sign the press release. “If [our] people don't
agree with the SIO answers, then we don’t want SIO as our spokesperson. ... I don't
want us to be associated with what we consider incorrect answers.”%®

Meanwhile, the ATOC scientists had assembled a Scientific Advisory Board and,
with that board’s guidance, had agreed to prepare Environmental Impact Statements
for the California and Hawalii sites, and to delay operation of the ATOC system until
after the Marine Mammal Research Program had submitted its results.®” The National
Marine Fisheries Service now announced that no permits would be issued until after
the Environmental Impact Statements had been submitted and assessed, and that
additional hearings would be held in Hawaii and in California. These hearings
that went much the same way as the previous ones—which is to say, not well for the
advocates of ATOC.”

The conflict reached a new level as a consortium of environmental groups—the
Natural Resources Defense Council, the Sierra Club Legal Defense Fund, the Environ-
mental Defense Fund, the Earth Island Institute, the American Oceans Campaign, the
League for Coastal Protection, and the Humane Society of the United States—filed suit
in federal court to stop the project. The plaintiffs accused the researchers of violating
the National Environmental Policy Act, the Marine Mammal Protection Act, and the
Endangered Species Act.”! Scientists who had cast themselves as environmental heroes
found themselves cast by their opponents as environmental villains.

The Draft Environmental Impact Statements

In late 1994 the Draft Environmental Impact Statements for the Point Sur and Kauai
sites were released. Extensive and detailed, they responded to many issues that had
been raised, but in the end they remained committed to the project and stood by the
claim that there would be “no significant impacts.”9
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What was new was the proposed biological research program, which had been
revised in several ways to try to produce bona fide scientific research, as well as to
address the double bind that the only way to determine whether ATOC would do
harm was to undertake the very activities that were alleged to cause that harm.” It
did this by dividing the research into three phases. In the first phase, lasting from
April to October of 1995, biologists would collect base-line data, with no ATOC trans-
missions. In the second phase, ATOC transmissions would begin, but the source would
remain under the biologists’ control and the transmission cycle would be greatly
reduced from what had been proposed in the original plan: only one 20-minute trans-
mission every four days, allowing any affected animals at least three days of respite.
After a month, preliminary results would be compared with the base-line data, with
a commitment to modify or abort the project if the results provided evidence of dis-
turbance or harm. In the absence of such evidence, the third phase would be a two-
year ATOC experiment, in 1996 and 1997, more or less as originally planned. Biologists
would continue to remain involved, and the experiment could be halted at any time
if unacceptable impacts were detected.”* ATOC had now been made dependent on the
Marine Mammal Research Program, rather than the other way around.

ATOC’s opponents appreciated the changes and the fact that the new report
included helpful bibliographies and summaries of existing knowledge about the effects
of low-frequency sound, including a “crash course in marine bioacoustics.”?> Still,
questions remained.

Field Supervisor Craig Faanes of the US Fish and Wildlife Service noted that the
proposed six-month base line might “not be of sufficient duration to determine
whether a species is negatively affected,” particularly if it didn’t include a mating
season. What “methods and criteria” would be used to determine whether a species
had been affected? How would the scientists determine effects on organisms that “are
difficult to observe, not present during the time of year the data are gathered, or those
for which little information is known on their behavior patterns prior to the proj-
ect?”9® Above all, how could the scientists be sure that no observed effects equaled no
effects? Although there were provisions for the study to be shut down if “an unac-
ceptably significant disruption of the behavioral patterns of a marine animal” was
observed, who would decide what constituted unacceptably significant disruption?®’

The Canadian biologist Paul K. Anderson noted that the problem of optimistic bias
remained: “Although the objectives are formulated in classic null-hypothesis format
... the introductory paragraphs suggest a philosophical bias. The stated objective is to
“validate” the assumptions that “reactions from marine mammals are unlikely at
ATOC received levels < 120 dB at distances of > 20 km.”?® Just as ATOC scientists had
trouble abandoning the claim that scientific evidence suggested that ATOC would do
no harm, they also had trouble abandoning the presumption that the Marine Mammal
Research Program would demonstrate that ATOC would do no harm. Indeed, when the
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members of the MMRP’s advisory board had first been appointed, their charge had
been described as follows : “[A] key program objective will be to demonstrate that the
planned global network can be operated without any adverse effects on marine mam-
mal populations.”? That was in 1993; in the Environmental Impact Statement, the
same optimistic bias was still evident.

The biggest question facing the National Marine Fisheries Service, however, was not
how ATOC should proceed, but whether it should proceed at all. Although it might
seem unrealistic to expect scientists to evaluate the option of not doing their science,
the law in fact required it. Regulations developed by the US Council on Environmental
Quality stipulate that considering alternatives and presenting them in comparable
ways is the key to “sharply defining the issues and providing a clear basis for choice
among options by the decisionmaker and the public.”'® The law required the “devel-
opment of a range of reasonable alternatives that ... satisfy the basic project purpose
(collecting data on global warming) but have fewer potential adverse effects on marine
biological resources.”!’®® The Environmental Impact Statement did not do this. It
evaluated alternatives in terms of geographic sites, duty cycles, and other technical
details and components of the proposed ATOC framework, but it didn’t seriously
evaluate options to collect data on climate change in other ways, nor the option of
doing nothing at all.

It is hardly surprising that the ATOC scientists didn’t argue the case against their
project with vigor (and it may well be unrealistic to expect people to argue the case
for alternatives with the same vigor as the case for the thing they wish to do). But it
is notable that at this point in the debate they began to soften their claims about what
ATOC would achieve. Walter Munk, for example, told Lindy Weilgart: “[M]y views of
what we should focus on have been modified over the last two years. A stand-alone
detection and mapping of the greenhouse-induced changes over and above the ambi-
ent changes will take a long time. ... I now think our emphasis should be to test, and
help improve, current climate models.'”> Munk made a similar qualification when he
wrote to the California Coastal Commission in June. Rather than suggesting that
ATOC would detect, prove, or even confirm global warming, he now argued that the
point was to test climate models:

ATOC is intended to observe the ocean on the large space scales that characterize climate—3,000
to 10,000 kilometers—so that modelers will be able to:

* test their models against the changes seen by ATOC over a few years
* and, if, and when, the models prove adequate at hindcasting, use those same models to make
climate predictions.

By testing and improving climate models now, ATOC can make progress toward greenhouse
predictions later.!%®
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The original claim had been that ATOC could detect global warming and would do
so within a few years; the new claim was that ATOC could be used to benchmark the
models used to predict climate change. This modified position was certainly more
intellectually defensible than the claim that ATOC would conclusively prove the real-
ity of global warming; perhaps Munk and his colleagues sensed that their opponents
were doubting not only the wisdom of the project but also the assertive claims being
made for it. Or perhaps the opposition had caused them to think more deeply about
what the project could realistically be expected to achieve. Whatever the reason, this
more modest epistemic position, although intellectually honest, backfired. Opponents
of ATOC now asked: If ATOC couldn’t prove global warming, or at least provide very
strong evidence of it, then why risk harm to whales? Why do it at all?

California Coastal Commission Hearings: Absence of Evidence or Evidence of Absence?

In January of 1995, the California Coastal Commission scheduled public hearings in
Santa Cruz and invited written comments. The hearings would be based on the envi-
ronmental impact study for the Point Sur site. Cards, letters, and faxes flooded in from
scientists, conservation organizations, and ordinary citizens; the vast majority were
negative.!®* Virtually all of the comments submitted by environmental groups
were thoughtful and detailed. Virtually all shared the concern about global warming.
Yet not one environmental group supported ATOC. ATOC was being presented as an
“environmental project,” but environmental groups all viewed it as dismissive of one
of the central concerns of modern environmentalism--protection of threatened and
endangered species--and nearly all of them noted that the ATOC scientists were mak-
ing a classical logical fallacy: using the absence of evidence as evidence of absence.
This point was central to a detailed critique by the Washington-based Center for
Marine Conservation.'® The draft Environmental Impact Statement (EIS) repeatedly
“defaults to a conclusion of no expected significant impact,” they noted, when the
very reason why the Marine Mammal Research Program was needed was the dearth
of scientific basis for predicting the impact. Noting the EIS’s frequent use of the adjec-
tives ‘nonexistent’, ‘negligible’, and ‘minimal’ to describe potential impacts, the Cen-
ter for Marine Conservation concluded that the “tendency to dismiss uncertainty
exacerbates rather than alleviates questions regarding impacts.” And although the
Environmental Impact Statement claimed that the ATOC program was designed to
minimize adverse effects, elsewhere it revealed that the choice of the source location
was based on economics and pragmatics, such as a “minimum cable run to shore”
and “close logistical support.” The authors’ advocacy of the project had undermined
their capacity to produce an objective report, resulting in a document whose “ambi-
guities, inaccuracies, and treatment of uncertainties has intensified rather than quelled
concern.”10¢
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A similar argument was presented by Rodney Fujita on behalf of the Environmental
Defense Fund (EDF). Fujita, a PhD marine ecologist, had worked with the Intergov-
ernmental Panel on Climate Change on the effect of elevated sea-surface temperatures
on coral reefs, so he was acutely aware of the risks that global warming posed to marine
life, as was the organization for whom he worked. But Fujita argued that ATOC sci-
entists had not been forthcoming about the central fact that “there exists virtually no
evidence bearing on the question of how marine organisms might respond to the
ATOC sound source.” “The key to good policy making on this issue,” Fujita asserted,
“is to freely acknowledge the great uncertainties surrounding the potential impacts of
ATOC and work to reduce them, rather than attempting to paint a rosy picture that
shows that the impacts are likely to be insignificant. ... [The] EIS consistently makes
the error of concluding that if no evidence for a significant impact exists, the impact
must be non-existent.”!%

Various commentators noted that whales weren’t the only marine life that could
be affected. The Pacific Fishery Management Council pointed out that extensive sci-
entific literature documented the effects of sound on fish. They, too, found the
EIS dismissive in suggesting that injury to fish was insignificant because any injured
fish would simply be more easily caught by their predators and all fish get eaten
sooner or later—as if that were not a disruption to the ecosystem.!®® The Center for
Marine Conservation noticed that, although the EIS claimed that “no information
exists on noise impacts to salmon,” there was in fact “abundant evidence that salmo-
nids hear and behaviorally respond to low-frequency sounds.” Indeed, “repetitive
low-frequency sounds” were being used to direct the paths of juvenile salmon in
the Sacramento-San Joaquin Delta; that this could hardly be efficacious if salmon
were deaf!

Because advocates justified the potential costs to marine life on the grounds of the
benefits of the data that ATOC would produce, a central question for opponents of
ATOC was how definitive the results would actually be. The Kauai Friends of the Earth
noted that even by the scientists’ own reckoning ATOC was no sure thing. Scientists
had provided detailed discussions of uncertainties about spatial resolution and the
analysis of ray paths and about the interface between ATOC measurements and global
circulation models, satellite data, and sea-surface temperatures. This was normal sci-
entific practice (any grant proposal is expected to include discussion of uncertainties
and sources of error), but the Kauai Friends of the Earth raised what might have been
considered the most urgent question about the project: whether measuring basin-scale
deep ocean temperature would resolve the question of human versus natural drivers
of climate change. They quoted Walter Munk’s statement, in the Journal of the Acousti-
cal Society of America, that “it is important to emphasize that acoustic thermometry
addresses the issue of measuring climate change (ambient or otherwise) in the oceans;
it does not tell us anything about the underlying causes.”!1%
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Munk’s statement was admirably forthright and honest: acoustic thermometry
could tell you if the ocean was warming, but not why. The evidence for drivers had
to come from other sources. The scientists were asking for a potential sacrifice of
marine life for the sake of answering key questions about climate change, but if ATOC
couldn’t actually answer those questions—particularly the politically crucial one of
whether the discernible warming was natural or anthropogenic—then what was the
justification for the sacrifice of marine life?!1 If the claim was simply that ATOC could
help to answer significant questions, then the justification was significantly weakened
from what had originally been claimed.

The central presumption of ATOC's supporters—only occasionally stated outright
but implicit in the entire project—was not simply that ATOC would provide the
“unambiguous signal” for which Roger Revelle had longed, but that this would make
a difference to public debate. The presumption was that political action was impeded by
the lack of clear science, and that better science would lead to better policy. Robert
White had asserted that ATOC would reveal “whether climate warming is unequivo-
cally occurring;”!"! Edward Frieman had argued that until warming was better under-
stood “governments would not be able to take effective steps to counteract its negative
impact.”11?

But was this presumption correct? Was a lack of scientific understanding preventing
governments from taking action? Would crisp science lead governments to crisp
action? ATOC's critics wondered.!® The more sophisticated among them emphasized
that even if the evidence were persuasive to scientists, this didn’t mean that it would
be persuasive politically. Rodney Fujita made this point most acutely, arguing that,
although the ATOC scientists accused their opponents of irrationality, they had fallen
into an irrationality of their own, or at least a position that was counterfactual: the
presumption that knowing the scientific facts would lead to political action. Scientists,
he argued, needed to “come to grips with the limitations of science.” Fujita urged the
National Marine Fisheries Service to “recognize that uncertainty about the impacts of
ATOC will always remain, because the habits of marine mammals, the complexity
of the marine environment, and the difficulty of doing controlled experiments that
isolate cause and effects relationships in the ocean will often prevent the drawing of
strong inferences.”'* But even if those scientific uncertainties could be resolved, it
didn't follow that this would move governments to action. From a political perspec-
tive, one had to conclude that the “potential for sweeping changes in global warming
policies resulting from the ATOC data is low.”'" Fujita explained:

None of us should be overly optimistic that data generated by ATOC, no matter how accurate
or precise, will result in a dramatic improvement in climate change policies. ATOC could reduce
key uncertainties about ocean heat uptake, [and] while a reduction in this uncertainty, better
climate models, and a more definitive indication that global warming is occurring—all potential
benefits of ATOC—would definitely be helpful, they are probably not the most important factors
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limiting progress toward taking action to prevent global climate change. Vast economic and
political interests continue to resist significant changes in the current patterns of fossil fuel use
and deforestation that are driving climate change, and they are not expected to disappear in the
foreseeable future.!'®

That was in 1995. In hindsight, it certainly seems that Fujita was right.

The comments from ordinary citizens overlapped with those of the environmental
groups but had several additional elements: offense at the tone of the scientists’ asser-
tions (which were viewed as arrogant and dismissive), skepticism as to whether ATOC
was even needed, and, more interestingly, doubt that ATOC was what scientists said
it was.!"’

Accusations of arrogance and hubris peppered the public comments, sometimes as
the main complaint, sometimes as an extra source of irritation added to other con-
cerns. Numerous citizens noted the irony of oceanographers’ asking the public to
respect and welcome their expertise while they disrespected the expertise of their
biological colleagues. Others objected to the hubris of scientists’ thinking they were
above the law, as evidenced by their failure to apply for permits for Heard Island, their
attempt to claim exemption from the Marine Mammal Protection Act, and their hav-
ing at one point denied the legal authority of the California Coastal Commission.!®
Derek Cole, a retired radar and sonar engineer, wondered how scientists could be so
sure that animals would not be harmed. “I have yet to encounter a scientist that can
communicate with a whale,” he wrote, “yet we purport to know what they hear and
how they interpret it.”!!? Cole wasn’t the only one to think it inappropriate to place
a high-intensity acoustic source inside a marine sanctuary. In the Environmental
Impact Statement, it was argued that the sanctuary was a particularly good place to
study the potential adverse effects, because there were a large number of marine mam-
mals there. Most respondents considered that logic perverse; some thought it smacked
of killing a patient to cure a disease.'*

The cultural status of whales as exemplars of animal intelligence, loyalty, and even
musical ability added insult to the injury that many citizens felt. Defending ATOC on
the basis that it would add only a small increment to the background hum of existing
noise pollution from tankers, ships, seismic exploration, and other human activity
was broadly rejected as akin to justifying more air or water pollution on the grounds
that the air and water were already polluted. If people hadn’t previously known the
extent of ocean noise pollution, they did now, and it proved that “there is an immedi-
ate need for noise reductions to make the oceans quieter.”!*!

Various citizens argued that, whether or not ATOC harmed animals, it simply
wasn’t needed. Many cited the 1992 UN Framework Convention on Climate Change,
which committed its signatories (including the United States) to preventing “danger-
ous anthropogenic interference” in the climate system.'?> Although many citizens
were not tracking these developments, most environmentalists were; those who were
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paying attention to ATOC were more likely than the average American to know that
scientific evidence of anthropogenic climate change was already pretty strong.
Some argued that NASA satellite data could be used to evaluate global warming; others
argued that by the time ATOC provided a “definitive” result, warming would be well
underway and difficult, if not impossible, to reverse. Many respondents argued that
ATOC's $35 million budget would be better spent on developing solar, wind, or tidal
power. One characteristic letter read: “We already have plenty of studies and data
showing that there is global warming. That is a given. We do not need another experi-
ment that proposes to tell us what we already know.”1??

Whatever benefits oceanographers claimed for ATOC, for some members of the
public they were moot because those citizens didn’t believe that ATOC’s purpose was
to detect global warming. For the scientists, the swords-into-plowshares aspect of the
project was something to boast about, but to many people it was grounds for suspi-
cion. It was a characteristic feature of Cold War science to blur the boundary between
“basic” and “applied” research, and some citizens wondered if that was being done
with ATOC.™* Bill Dietrich, a reporter for the Seattle Times, noted that “rather than
taking this as an example of post Cold-war conversion, critics already unhappy with
Navy experiments with captive dolphins regarded it with suspicion.”!* Stanley Flatté,
a professor of physics at UC Santa Cruz, put it more bluntly: “Folks thought it was
some kind of secret Navy project.”!

Various respondents wondered why, if ATOC was environmental research, it was
being funded by the Department of Defense rather than the Department of Interior
or the Environmental Protection Agency. “What other projects have been funded by
the Advanced Research Projects Agency?” one citizen asked. “Do they have a track
record in environmental science they would care to share with us?”!?” Others won-
dered why portions of ATOC were classified, expressing suspicion that the public
wasn’t being told the whole truth, or even any part of the truth. Many citizens
believed that ATOC was a secret military project, even a weapons system. Sarah
Miquiabas of Kapaa, Hawaii began a handwritten letter objecting to the installation
of an ATOC source near Kauai with this sentence: “I am writing to you about the
underwater bomber.”!?8 (Presumably she had confused “boomer” with “bomber.”)
Others expressed the same idea in more sophisticated fashion. David N. Seielstad of
Princeville, Hawaii wrote at length about the many reasons why the ATOC program
seemed suspicious:

From the beginning the ATOC proposal has had the aroma of a military research project. It is
funded by DOD monies. It is administered by the US Navy. The originators of the project seem
to be going to great lengths to disguise and conceal the true nature and the purpose of the project.
In the proposal (p. 62), provision is made to “manage classified aspects of the project. ...” The
Johns Hopkins University Applied Physics Laboratory (a major Navy research and development
contractor) is to use its clearance and store [any classified] data.'®

[vww.ebook3000.con)



http://www.ebook3000.org

Changing the Mission 165

Seielstad was right about the associations (the Applied Physics Laboratory was a major
Navy contractor), and various aspects of ATOC were classified and had not been well
explained (among them its links to the Pacific Missile Range Facility, first denied and
then affirmed).? Noting that when scientists are “less than candid” the public natu-
rally gets suspicious, Seielstad concluded: “What is ATOC really? It is being promoted
as a study of global warming. ... Who could be opposed to that? If something is
cloaked in the aura of environmental research I guess we are all expected to stand up
and applaud it as good science. [But] ATOC is ... only masquerading as environmental
research.'!

Similar sentiments were expressed throughout the public comments. One com-
menter asked the organizers to “stop insulting the intelligence of the human race”
with their “global warming greenwash.”!*> Another insisted that “if global warming
was the true priority, then the use of tax dollars would be more wisely spent in the
areas of clean energy and ... efficiency” and asserted that “the ‘classified’ nature of
the ATOC implies that this has nothing to do with global warming, rather it is a mili-
tary operation intended to improve submarine detection.”!** Another suggested “you
should be honest with the American public about the true nature of these experiments.
If the purpose is to learn more about global warming, why the classified designation?”
and asked “Please respond.”'3* Another wrote “if the Navy wants to sell us defense
research cloaked as environmental concern, they should have gone to the CIA or NSA
and kept their mouth shut.”’*> And another expressed amazement “that the public is
viewed as being so stupid that we would believe that the Navy is suddenly concerned
about global warming.”13¢

Perhaps the best evidence of the widespread belief that ATOC was a military project
is that the few expressions of support for it were mostly based on the corollary that
ATOC was necessary to defend the United States. In a comment on the Kauai Envi-
ronmental Impact Statement, Dave Clewett wrote: “I am not opposed to this research
project, and I encourage you to press on with it. I believe in our military, and the
importance of being defensively prepared. I do not agree with the efforts of Green-
peace and others of the liberal left to cripple our ability to defend our country. I am
a conservative American, so if they are against your project, I am for it.” Ronald Peet
and Sandra Castro similarly wrote: “We are adamantly FOR the ATOC project. Do not
let the Santa Cruz Marxists stop this important work.”13’

Resolution and Results

Amid all the claims and counterclaims—the voices of oceanographers and climate
scientists mostly on one side, the voices of biologists, conservation associations, and
citizens mostly on the other—one eloquent individual attempted to find a via media:
Sylvia Earle, scientist, engineer, deep-sea diver, and grande dame of American marine
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science, whose diverse accomplishments ranged from setting the woman’s world
record for deep diving to serving as NOAA'’s Chief Scientist from 1990 to 1992. Smart,
beautiful, and articulate, Earle was known for her unwavering dedication to protecting
the oceans as the “blue heart” of our planet.

Earle didn’t accept the argument that ATOC would do no harm, suggesting instead
that it seemed “obvious that the proposed research will, in fact, have some impact
on the behavior of marine organisms.” Like many others, she had “deep concerns
about adding additional stresses to ocean ecosystems already modified by recent
human activities ranging from overfishing to various kinds of pollution including high
levels of noise pollution.” However, she was also convinced that the “greatest threat
to the health of the oceans and to the planet as a whole is lack of knowledge and the
profound mistakes in judgment that result from ignorance.” Therefore, she asserted,
it was “important to try to resolve the problems associated with ATOC, if possible,
and find ways to fill the enormous gaps in understanding the nature of the ocean and
the effects of human activity on marine life.”!38

Earle’s comments seem to have moved the California Coastal Commission, because
in making their final decision they quoted from them at length, finally concluding
that “given the potential scientific and environmental benefits from the research
proposed, and since the only way to determine the project’s impacts is to proceed in
the short term and study its impacts, the authorization of a two-year initial ATOC
project is warranted.” The approval was conditional on the “combination of the
monitoring and protective measures incorporated into the project, the up-front com-
mencement of the MMRP, and the relatively short (two-year) duration of the project
prior to seeking any further permanent authorization.”!* The Scripps scientists were
required to inform the commission of any significant modifications to the project and
of any developing evidence “documenting adverse effects on marine resources,” and
to request explicit permission for any extension beyond the approved two-year period.
Effects on fish would be included in the monitoring and the analysis, and the Scripps
scientists would develop a clear set of “termination criteria” for curtailing the trans-
missions.'° Finally, the scientists would move the sound source out of the Monterey
Bay Sanctuary to the Pioneer Seamount, 48 nautical miles west of the Pillar Point Air
Force Tracking Station (which was near Half Moon Bay) and twice as far from land as
the original site.!!

These terms also provided the basis of an out-of court settlement with the parties
that had sued the ATOC consortium.'** The settlement added the additional stipula-
tions that the Marine Mammal Research Program would continue for the entire 18-24
months of the initial research period rather than just 6 months, that the sound source
would be controlled by MMRP biologists and not by physical oceanographers, that
there would be no claim that the MMRP would be able to prove or disprove long-term
impacts on marine mammals, and that any proposal for a long-term ATOC program
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after the initial research period be subject to full environmental review (including the
preparation of a new Environmental Impact Statement).'** With these stipulations in
place, the National Marine Fisheries Service issued permits for the initial phase of the
project to begin. This phase, now referred to as ATOC-MMRP, would study impacts
on marine life, and would not attempt to measure ocean warming.

The ATOC-MMRP project began officially in October of 1995, and work was under-
way early in 1996. A mid-1996 interim review revealed no significant problems, and
the project continued for two years, after which the results were reviewed by a com-
mittee of the National Research Council. The committee took as its charge to review
both the specific results of the MMRP and any independent advances in understand-
ing the impacts of low-frequency sound since 1995. The conclusions of the 100-page
report, Marine Mammals and Low Frequency Sound, were summarized in the first para-
graph of its Executive Summary:

Some of the MMRP observations, such as movements of humpback whales in near-coastal areas
off Kauai and the abundance of some whale species near the Pioneer Seamount source off Cali-
fornia, showed no statistically significant effects of ATOC transmission. For these observations,
the Committee could not distinguish among true lack of effect, and insufficient observations,
small sample sizes, and incorrect statistical treatment of data. ... Some statistically significant
differences between control and exposure were found for other species, including (1) an increase
in average distance of humpback whales from the California source and (2) increased dive dura-
tion for humpback whales off Hawaii. The MMRP found no obvious catastrophic short-term
effects as a result of transmissions from either source, such as mass strandings or mass desertions
of source areas.!**

The Executive Summary took the understated tone characteristic of NRC reports,
but the report itself was noticeably critical, highlighting the problem that ATOC’s
critics had long pointed out (and Chris Clark had tried to address): that the proj-
ect’s design wasn’t adequate to answer the biological questions. MMRP was essen-
tially a “retrofit” onto a program designed for other reasons, and the result was
predictable—indeed, had been predicted. The project was too short-term to eluci-
date long-term effects, and its design wasn’t based on maximizing the relevance to
marine mammals or on minimizing the impacts, but rather on the project’s primary
goal of detecting global warming. “As a consequence,” the NRC concluded, “the
results of the MMRP do not conclusively demonstrate that the ATOC signal either
has an effect or has no effect on marine mammals in the short or the long-term.”!#°
After five years, months of hearings, hundreds of comments, and millions of dollars
spent, the question of whether ATOC would harm marine life remained unan-
swered—and oceanographers hadn’t demonstrated whether the ocean was warming,
either.!

It was beyond the committee’s charge to recommend whether ATOC should con-
tinue, but they concluded that the Scripps Institution had been, at best, premature in
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its assertions that ATOC would do no harm. Even now, there weren’t adequate grounds
for making such judgments, and developing those grounds would require “a more
sustained and integrated approach than has been the case in previous research.”'’ In
an implicit rebuke of the manner in which the MMRP had been created, if not of the
entire idea of scientific research under the aegis of mission-driven agencies, the com-
mittee argued that the necessary biological research “should be sponsored by the
agencies that fund basic and applied biological research,” not by the Navy. If mission-
oriented agencies within the Department of Defense were to fund research, they
should “ensure that the research they sponsor will not only contribute to their imme-
diate missions but also answer basic scientific questions,” and “all of these projects
should receive strict peer review and be evaluated on the quality of the science
proposed.” 148

This point was reiterated in the report’s Findings and Recommendations section,
in a conclusion that could well be applied to the whole of the Navy’s oceanographic
research program, not just to marine-mammal research. It was a conclusion with
which William von Arx and Paul Forman would have heartily concurred:

Most marine mammal studies are funded from mission-oriented sources. At this time the greatest
source of funding for marine mammal research is ONR. However, by its nature, ONR-funded
research tends to be focused on questions of practical importance to the Navy, and is not neces-
sarily responsive to the broad interests of scientists seeking to learn more about the basic biology
of marine mammals. Scientist-driven fundamental research could significantly improve our
understanding of hearing and the effects of low-frequency sound on marine mammals, as well
as our overall understanding of the acoustic behavior of these animals.'*

On the basis of the NRC findings, the National Marine Fisheries Service declined
to extend the permits for ATOC. The project ended in August of 2000 when a winch
operator named Ron Hardy died after being struck in the head by a piece of equipment
while trying to remove the 12,000-pound transmitter from the sea floor.'*® Two years
later, a federal judge halted a project (funded by the National Science Foundation)
that was using intense blasts of compressed air to study the structure of the sea floor
in the Gulf of California after two beaked whales were found dead on the nearby
Mexican coast with evidence of hearing damage. The ruling by US District Magistrate
James Larson was based in part on evidence that the Navy considered sounds above
180 dB to be “potentially harmful to marine mammals.”!s!

Discussion
ATOC scientists repeated the “no evidence” claim for years, but in October of 1994

Ann Bowles and colleagues had published results that plainly refuted it. In an article
in a special volume of the Journal of the Acoustical Society of America, Bowles et al. had
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reported that sperm-whale “clicks, clangs and a few codas” were detected during 24
percent of the base-line period but that no such sounds were detected during the
transmissions, and that several individual marine mammals had been observed chang-
ing course to avoid the direction from which the transmissions were coming. “The
results,” they wrote, “suggest that ... whales could have altered their distribution in
the immediate vicinity of the HIFT transmissions.” Bowles et al. emphasized that these
results were very limited: indeed, they tried their best to explain them away, noting
that the whales “returned or were replaced by new individuals quickly when transmis-
sions stopped.” But if the full-scale ATOC program were implemented, transmissions
would be continual for a decade. How would this affect them? Bowles et al. speculated
that “in the long run animals might have habituated well to the transmissions,” but
the operative word here was ‘might’. The available evidence suggested that marine
mammals had been affected: whales went silent and changed their courses. In the
words of Bowles et al.: “Changes in behavior of pilot whales and sperm whales pro-
vided unequivocal evidence of behavioral effects of the transmissions.”'> Yet as ATOC went
forward, Bowles and her colleagues buried these findings, insisting that marine mam-
mals would be unaffected by ATOC.

Why did the oceanographers make assertions that at best were unsupported and at
worst were refuted by their own data? Most of them referred back to their long history
of Navy-sponsored work, suggesting that none of those earlier projects had done harm.
But they didn’t really know that. None of those earlier projects had been subject to
the same degree of scrutiny, either by colleagues in other disciplines or the public.
Most had not been subject to public scrutiny at all. This, perhaps, is the best explana-
tion for why the oceanographers behaved the way they did.

Throughout the Cold War, scientists had been accountable to their Navy patrons,
and had been judged by experts in their own field. Studies of underwater acoustics
were peer-reviewed by other experts in acoustics, but not by cetacean biologists, not
by the National Marine Fisheries Service, and certainly not by the public. If a project
was classified, there was still less external scrutiny. Even members of Congress often
lacked information about classified scientific work; President Franklin Roosevelt was
famously secretive about the Manhattan Project, and after Roosevelt’s death his suc-
cessor, Harry Truman, had to be told about it.

As a patron of science, the Navy wanted projects to produce reliable knowledge
and accepted that this entailed giving scientists some intellectual latitude.'>* The Navy
also accepted that it was in its interest to permit publication of scientific results from
the projects it funded to the extent that publication was compatible with military
interests. But the Navy didn't encourage scientists to reach out to colleagues in other
fields, much less to speak to the public, write popular accounts, or explain the mean-
ing and significance of their work in broader venues and terms. To a historian of
twentieth-century science, this stands out as a significant shift. Before World War II,
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American Earth scientists routinely wrote popular books and articles, even on seem-
ingly arcane topics. William Bowie, chief of the Geodesy Division of the US Coast and
Geodetic Survey, wrote pieces for the New York Times and for Popular Science, and even
had a radio program on geodesy—hardly the most accessible of scientific topics.'>*
Others scientists gave public lectures, particularly if their work involved expeditions
to exotic or dangerous places. Sometimes they did this for money—fees for lectures
and newspaper articles could be important sources of financial support, particularly
for research that had an expeditionary component. Before World War II, funds for
scientific research were scant; payments for popular accounts and public lectures were
one means of supporting scientific work, and such accounts and lectures might draw
the further interest of private patrons.!’®® Some scientists, including William Bowie,
were civil servants who thought that the citizens who paid their salaries deserved to
know what their monies were being spent on.

After World War II, this changed. As funding for scientific research increased, out-
ward communication from the scientific community decreased. While it is challenging
to read historical silences, one cannot help but notice this one: In the postwar years,
Earth scientists simply didn’t engage the general public as they previously had. Before
the war, scientists found support for research hard to come by and thought that reach-
ing out to the public might pay off. During the Cold War, reaching out was tricky,
and a steady stream of money from the Navy made it unnecessary. Scientists who had
worked with the Navy for decades were used to proceeding without public scrutiny,
and the idea of the public as their ultimate patron was rarely if ever raised.'s® Indeed,
one rarely if ever sees expressed the idea that the true patrons of American science
during the Cold War were the American people.

When the Cold War ended, things changed again, and ATOC brought that shift
into sharp relief. Walter Munk acknowledged that he had been quite unprepared for
the public outcry, and that he “had never experienced such press interest or scrutiny”
in anything else he had ever done. For four decades oceanographers had worked with
the US Navy on all varieties of acoustic matters, and these issues had never come
up—at least not in this form. Scientists working with the US military hadn’t concerned
themselves with environmental impacts. It was not so much that they didn’t care
about marine life as that they had never had to care. Protecting the environment
wasn’t part of the mission.

What oceanographers failed to grasp when they attempted to change their mission
was that they would have to change their strategies and tactics as well. Scientists sup-
ported by taxpayers might reasonably have expected to explain the significance, the
impacts, and the risks of their work, but these men had no habit and no experience
of doing so. When asked to explain themselves, their responses essentially amounted
to “Trust us, we're experts” and “Trust us, our intentions are good.”

[vww.ebook3000.con)



http://www.ebook3000.org

Changing the Mission 171

But the public didn’t trust them and didn’t accept that their intentions were good.
If the ATOC scientists weren’t deaf and dumb to others’ concerns, they evidently
didn’t hear well in alternative frequency ranges, and the reason lies at least in part in
four decades of disuse. Scientists working with the Navy had rarely confronted the
implicit values behind their research program. The question of the values of their
research—beyond the immediate value—was rarely discussed, and almost never overtly,
even within the tight circles of Navy oceanography, much less in public. Because of
military secrecy, some of it couldn’t be discussed. Oceanographers ridiculed Lindy
Weilgart for her naive view that the deep ocean was untouched by man, but many
Americans probably shared her naiveté. How were they to know that the Navy had,
for decades, been secretly laying cables, hydrophones, and instrumentation of all sorts
beneath the waves? Who knew what ocean acoustic surveillance was? For decades,
most Americans knew nothing of the work that oceanographers had done, ostensibly
on their behalf. When they began to learn about it, they didn’t necessarily feel grate-
ful, especially when they discovered that it potentially threatened things that they
loved. And if Weilgart was naive about the physical operating conditions of the deep
ocean, so, it seems, were oceanographers naive about the social, political, and cultural
operating conditions of American life at the end of the Cold War. They seemed
unaware that their personal and professional histories cast them in a certain light, as
men with certain affinities and affiliations.

As far as the available historical evidence shows, ATOC was not a weapons program
disguised as basic research. But it was a military project in the sense of relying on hard-
ware, facilities, and funding supplied by the Department of Defense. That affected how
others viewed it, and it also affected how they viewed the men who were its advocates.
If environmentalists, biologists, and lovers of whales didn’t trust them, it is not hard to
see why. Oceanographers who for decades had been studying the ocean as a theater
of warfare simply weren’t credible when they presented themselves as guardians of
the ocean as an abode of life. Naomi Rose, a biologist with the Humane Society, put
it this way: “The oceanographers asked: ‘Why would you even think we would hurt the
environment?’ and we responded, ‘Why would we think you wouldn't?"”1%7

Forty years of military patronage were not just epistemically consequential; they
were socially and culturally consequential as well. Among other things, they produced
a scientific community accustomed to various forms of internal accountability but
unaccustomed to public scrutiny. At the end of the Cold War, when they faced broader
scrutiny, they found themselves lacking both crucial skills and sensibilities and the
ability to develop those skills and sensibilities quickly. The net result was both a politi-
cal and an epistemic failure. Politically, oceanographers failed to garner the support
they needed for the ATOC project. Epistemically, the lack of that support left them
unable to answer the scientific questions they wished to answer. Forty years of freely
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flowing military funding, restricted interactions with other communities and their
concerns, and little or no external accountability had produced researchers who were
not necessarily gadgeteers, but whose horizons were constricted on several social,
cultural, and intellectual dimensions. ATOC might have offered a gratifying conclu-
sion to the era of Cold War oceanography: techniques, knowledge, and technology
developed in pursuit of military power would be turned toward peaceful purposes. It
held the promise of a conclusive answer to a scientifically challenging and socially
important question. But it crashed on the shoals of Cold War legacies of secrecy and
hubris.

To return to the question of the consequences of military patronage, and what the
military did and did not support: Of course the Navy focused on matters of practical
importance to the Navy. How could it be otherwise, unless the Navy neglected its
political, social, and legal mandate? At times that mandate aligned with issues of
scientific import, creating robust and vital domains of knowledge; at other times it
did not, leaving significant domains of ignorance. The impact of underwater sound
on marine life was one of those domains of ignorance. The Navy had spent many
millions studying the propagation of underwater sound, and had studied animals to
better understand that propagation, but the basic biological science that might have
enabled scientists to predict ATOC’s impact had never been done.*® And so the science
that would have been needed to determine whether ATOC could proceed without
harm to marine life simply did not exist. ATOC was both a product and a victim of
the Cold War.
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6 Fighting Each Other: The N-1, Soviet Big Science, and the Cold
War at Home

Asif Siddiqi

In August of 1989, a few months before the fall of the Berlin Wall, the official news-
paper of the Soviet government, Izvestiia, published a long essay by Sergei Leskov titled
“How We Didn’t We Land on the Moon.”! Leskov, Izvestiia’s science journalist, had
been trying to publish the piece for some time, but Glavlit, the Soviet Union’s censor-
ship agency, had repeatedly rejected his appeals. Later he recalled that “even in 1989,
when there were no limits to glasnost’, it was such a great effort to publish the essay.”?
When it finally appeared in print, with the personal permission of a top-ranked min-
ister, the essay caused a minor sensation. In the piece, Leskov mentioned a rocket
that few Soviet citizens had ever heard of (the N-I) and a program that had never
been officially acknowledged (a 4.5-billion-ruble project to land a Soviet cosmonaut
on the moon in the 1960s).? For more than twenty years, the effort had been white-
washed out of history; save for the occasional rumor and the speculations of a few
Western observers, there had been no indication that one of the Soviet Union’s largest,
complex, and most expensive engineering projects of the Cold War had collapsed
in a series of rocket explosions in the late 1960s and the early 1970s. The Soviet
project had been hidden so well that some saw Neil Armstrong’s triumphant step on
the moon in 1969 as a pyrrhic victory. For example, in 1974 the American newscaster
Walter Cronkite commented “It turned out that the Russians were never in the race
at all.”*

After Leskov’s piece appeared in Izvestiia, more and more articles added to this
recovered history. People whose names had been classified granted interviews, and
journalists, given free rein, were able to put flesh on a skeletal tale that seemed to
symbolize the institutional dysfunction of late-period Soviet science.® Managerial
gridlock, technological limitations, and economic shortages had plagued the N-I proj-
ect from the very beginning. But as journalists, historians, and participants reflected
on the reasons for the catastrophic failure of the project, they kept returning to a
central episode in the narrative: a clash of personalities that all claimed doomed the
project at its very inception. Sergei Korolev, the famous “chief designer” of the Soviet
Union’s spaceships and Valentin Glushko, the chief designer of its rocket engines, had
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almost come to blows over the selection of propellants for the N-I and eventually
ceased communicating with each other. Korolev was left to guide the N-I project to
success without Glushko. Despite the best efforts of thousands of engineers, and just
as Glushko had warned, the N-I program—a quintessential yet largely unknown exem-
plar of Soviet big science and technology—eventually collapsed in a pile of rubble.

Big Science in the Soviet Context

Since the early 1990s, historians have devoted considerable attention to the fate of
“big science” during the Cold War.® Having emerged out of interwar research and
development into a full-blown phenomenon during World War 11, such large-scale
government-sponsored projects typically involved money, manpower, monumental
machines, and often the military. In revisiting the Cold War, historians found that
big science, and scientific practice in general, was hard to divorce from the forces,
stresses, and demands of the national-security state. Scholars argued that scientific
practice, at the institutional, cultural, and epistemological levels, thrived on instru-
mental, overlapping, and symbiotic relationships with high politics. Big science,
because it was funded by the state, took on features that reflected the state’s priorities.
The possibility that Cold War imperatives altered the direction of particular disciplines
was highlighted most famously in Paul Forman’s meditation on how military patron-
age shifted scientific priorities in the United States from theoretical to applied
physics.”

In the Soviet case, the notion of big science has meant different things to different
people, but two central defining assumptions guided scholars working in the pre-
archival period: the scale of the effort and the pervasive role of the state, or, as the
historian Loren Graham has noted, “its bigness and high degree of government cen-
tralization.”® In other words, the scale of Soviet science during the Cold War and its
seemingly close and almost indistinguishable alignment with state sponsorship and
priorities underscored the notion that big science and Soviet science were synonymous
concepts. In defining what was meant by “big,” Graham added that, “Soviet science
was ‘big’ in several different ways: large in numbers of researchers, highly centralized
in organization, and dominated by powerful leaders.”’

Beyond scale and sponsorship, historians discerned other features of Soviet big sci-
ence. Already by the early 1930s, the three major constituent elements of Soviet
science were firmly set in place. These—the university system, the Soviet Academy
of Sciences, and the industrial ministry system—represented three points of a pyrami-
dal structure that employed hundreds of thousands of scientists, engineers, techni-
cians, and workers at its peak in the 1970s. This tripartite system inherited traits
from pre-Revolutionary Russian science. Alexei Kojevnikov identifies, in particular, the
formation of research institutes separate from higher education and the emphasis on
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applied over basic research as embryonic and ultimately enduring features of the Soviet
scientific system that first emerged during the 1910s.° These peculiarities became
more evident after the Revolution when leading Bol’sheviks fully embraced a more
utilitarian approach to science and technology. To the extent that applied science
efforts translated to “technologies for the masses” (to use inspirational parlance from
the 1930s), Soviet science became closely intertwined with what some have called
“gigantomania”—a penchant for the monumental in many infrastructural and indus-
trial projects.!’ According to this interpretation, Stalinist ideologues (and their succes-
sors) saw science and technology as most effective when a utilitarian ethos was
combined with ostentatious and awesome exhibitions; in other words, science and
technology had to both serve and represent the nation. This combination of size, sci-
ence, and spectacle was most obviously embodied in such projects as the Moscow
Metro, the Dneprostroi Dam (and hydroelectric station), the trans-Siberian railroad,
and the Tu-144 supersonic transport.

In reflecting upon Forman'’s claim about the Cold War altering the balance between
fundamental and applied science, in the Soviet context, the problem might be more
accurately characterized as an appropriate distribution between theory and praxis.
Marxists would have articulated this relationship as a demand that the production of
scientific knowledge be closely connected to the economic, industrial, and practical
needs of society. In Stalinist times, this requirement was frequently articulated and
manifested in the priorities of the Soviet scientific establishment.’ One of the funda-
mental campaigns of Stalinist science was to reinforce the link between scientific
practice and the real needs of Soviet society, a quest made much more urgent during
World War II. In one sense, the postwar development of the atomic bomb—perhaps
the most expensive Soviet scientific project ever, facilitated as it was by a web of
institutions spanning the Academy of Sciences system, the defense industrial minis-
tries, and the security services—can be seen as emanating from this mapping of theory
with praxis.’

The nuclear project also established a precedent for postwar Soviet big science in
fortifying the deep connection between science and military requirements. The align-
ment between science and defense in the Soviet context was difficult to ignore; during
the postwar era, the lion’s share of state investment in science and engineering was
devoted not to the Academy of Sciences or the universities but to the industrial min-
istry system dominated by the nine ministries that made up the core of the Soviet
military-industrial complex.'* By 1990, 87 percent of the Soviet R&D budget was allo-
cated for the industrial network, most of it for military needs, leaving the remainder
for the Academy of Sciences and the universities.’* Through institutional connections
or by research priorities, Soviet science during the Cold War era was deeply enmeshed
with the military-industrial complex. Science and defense (with some exceptions) co-
existed as one, as the “normative” state of Soviet science. Here, interrogating whether
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military imperatives altered the priorities (and nature) of Soviet science during the
Cold War promises few insights—the answer would unequivocally be affirmative. But
priorities don’t tell the whole story; what other factors distinguished Soviet science
during the Cold War from its predecessors? For example, did civilian imperatives,
particularly the demand to display or “civilianize” certain science projects that were
military in nature (and thus secret) reinforce certain ideological and functional char-
acteristics of Soviet science during the Cold War?

These questions framed around the tension between the military and the civilian
(and between secrecy and publicity) lead us to other seeming dichotomies relevant to
the broader context of Soviet science in the post-Stalin era. The conflicting demands
of theory and praxis, for example, were loosely manifested in a battle between two
competing constituencies, the first comprising scientists invested in the basic sciences
(particularly physics) who had accrued the perquisites of state patronage and desired
a science that was “detached” from the practicalities of the day and the second com-
prising engineers (especially missile designers) who emerged in the late 1950s as a
powerful bloc of specialists in what Russians understood as the “technical sciences”
(tekhnicheskie nauki)—generally fields that Westerners would consider applied sciences
or engineering.! Here we see the mutable boundaries between science and engineer-
ing, distinctions frequently lost to official Soviet spokespersons who advertised, for
example, the successes of Sputnik and Gagarin as successes of “Soviet science” rather
than “Soviet engineering” or “Soviet industry.” In this context, it was not a little ironic
that the principal body associated with Soviet science, the Academy of Sciences, was
hardly involved in either Sputnik or the launch of the first human in space, Turii
Gagarin.' Yet the Soviet engineers who directed the space program not only embraced
this conflation between science and engineering but actively encouraged it, even
though they had largely been educated in entirely different institutions than pure
scientists. In the early 1960s, the rocket engineers assumed for themselves the mantle
of the public notion of “Soviet science,” a role held for more than a decade by Soviet
physicists.

The N-I rocket program, one of the largest science and technology projects imple-
mented during the post-Stalin era, carried within it all these conflicting (and con-
flated) tensions: between fundamental and applied science, science and engineering,
civilian and military imperatives, display value and maintaining secrecy. In each case,
the program was never entirely one or the other, but usually a mix of both. Such
ambiguities destabilize the conceptual framework of historians such as Loren Graham
and Paul Josephson, who, in many ways, exchanged idealized features of the Soviet
state with those of Soviet science. By focusing exclusively on those aspects identified
with the centralized state, they missed important phenomena—among them the
popular and populist campaigns for science and, in the case of big science, the messy
complexities and ambivalences that subvert Western stereotypes of orthodoxy,
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centralization, and lack of innovation. In this chapter, I explore all these complexities
and ambiguities through one critical episode in the early history of the N-I project:
the selection of propellants and rocket engines for the rocket. In this debate, the two
principal actors in the Soviet space program, members of a new and powerful constitu-
ency of missile engineers who had become influential stakeholders in the system of
Soviet science, found themselves on opposing sides. The result was a project that
perfectly embodied the contradictions and heterogeneity of Soviet science during the
Cold War.

The Rise of the Space “Scientists”

By the mid 1950s, Soviet physicists—particularly, nuclear physicists—had acquired, in
the words, of David Holloway, “unprecedented authority among the political lead-
ers.”!® Soviet physicists’ link to state power was underscored during Nikita Khrush-
chev’s visit to Britain in 1956 when he introduced to Winston Churchill “Academician
Kurchatov, who makes our hydrogen bomb.”! The physicists also enjoyed a public
role, fostering public interest in the possible uses of atomic energy for civilian purposes
and reinforcing the notion that nuclear power was a panacea for a whole host of social
ills.?° Of course, the community of nuclear physicists did not act as one, nor did they
share identical goals for the future of Soviet physics, but their influence was evidenced
by the disproportionate power welded by the Division of Physico-Mathematical Sci-
ences, the Academy section to which physicists belonged.

Both nuclear physicists and missile engineers took part in designing strategic weap-
ons, but the missile engineers had little or no clout until the mid 1950s; their handi-
work up until then—short-range missiles derived from the German V2—had been less
than impressive. The first sign that rockets might have strategic uses appeared in 1953
when Sergei Korolev and his team in the northern Moscow suburb of Kaliningrad
began test-firing a missile capable of flying 1,200 kilometers, just far enough to reach
Great Britain. By early 1956, Korolev’s engineers had modified this rocket, now known
as the R-5M, and made it ready to carry a nuclear warhead. First launched on February
20, 1956, the missile flew 1,190 kilometers in a little over 10 minutes and deposited
its 20-kiloton bomb over its target area in the Semipalatinsk range, where it exploded
in a spellbinding inferno.?! It was the first such missile test in the history of nuclear
weapons. This naked display of power, spearheaded by Marshall Georgii Zhukov and
leading nuclear physicists, was a watershed moment for the rocket designers, for it
brought them, for the first time, squarely into the sights of top Party and government
leaders. For nearly a decade, the missile engineers had been considered junior members
in the pantheon of Soviet weapons makers. But by cooperating with famous nuclear
project managers such as Igor’ Kurchatov and Avramii Zaveniagin on this experiment,
missile designers managed to equalize the power relationship with the nuclear empire.
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Remembering the initial collaboration with the high-profile nuclear physicists, one of
Korolev’s senior test engineers noted:

At the start of this work Sergey Pavlovich [Korolev] gathered the project leaders to make a speech
concerning the program. This was a meeting before the start of work with the atomic people. ...
The first thing he said was that we ought to be very careful in our activities ... because they had
been spoilt, first, due to publicity and second, because they considered themselves superior to
everybody else ... after developing the atomic bomb. ... S. P. Korolev said that at least in the
beginning we should pander to them. But pander very precisely and carefully such that in
the end we would prove to them that we were in the driver’s seat and they were merely
passengers.??

The success of the R-5M test swiveled the center of gravity of influence away from
the nuclear elite for the first time since they began their work in 1945. After 1956,
missile designers, especially Sergei Korolev, began to have increased access to the top
levels of the Kremlin. This was reflected both in symbolic and practical terms. A week
after the nuclear test, Nikita Khrushchev, Nikolai Bulganin, Viacheslav Molotov, and
several other Politburo members graced Korolev’s design bureau with their presence,
a rare honor accorded to few design organizations.?® In his memoirs, Khrushchev
conceded that the visitors were bewildered by the rocket, “walked around [it] like
peasants at a bazaar ready to buy some calico, poking it and tugging to test its
strength,” but noted that “the leadership was soon filled with confidence in
[Korolev].”?* On April 20, the Supreme Soviet bestowed on three nuclear scientists,
Andrei Sakharov, Iulii Khariton, and lakov Zeldovich, the USSR’s highest civilian
honor, “Hero of Socialist Labor.” For the first time missile designers were among the
honored: they included the six main chief designers involved with the R-5M project,
Sergei Korolev, Valentin Glushko, Nikolai Piliugin, Mikhail Riazanskii, Viktor Kuznetsov,
and Vladimir Barmin, and Korolev’s right-hand man, Vasilii Mishin. Many other junior
designers in the missile industry were simultaneously given less prestigious but notable
national awards. These events significantly elevated the authority of missile designers,
especially Sergei Korolev, within the Soviet defense industry. “From then on,” Nikita
Khrushchev’s son Sergei has written, “[Korolev] could phone Father directly, bypassing
numerous bureaucratic obstacles.”? This newfound authority, established on the basis
of missile development, would prove critical in firmly integrating two different aspira-
tions among the missile designers—the job of designing powerful missiles for the
Soviet armed forces, and the dream of breaching the cosmos. To realize this connec-
tion, the line to the Kremlin was one of paramount importance.

Besides access to the top of the Party and government structure, the missile design-
ers also began to make inroads into the apex of the Academy of Sciences. Traditionally,
Academy members—particularly theoretical physicists—had been hostile to scholars
from the technical fields, including electrical, mechanical, chemical, and aeronautical
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engineering.? Established academicians had a point: few of the leading “chief design-
ers” from the defense industry had higher degrees, such as Candidate of (Technical)
Sciences, and fewer had Doctorates of Sciences. Almost all had specialized degrees from
technical schools such as the Bauman Moscow Higher Technical School. Additionally,
most of the chief designers in charge of the key organizations involved in missile
development had been born in the five-year period between 1907 and 1912, putting
them in the demographic educated during and after the “Great Break” (roughly
1928-29), when educational reforms fundamentally transformed the curriculum to a
more practical bent.?” Many of the first generation of nuclear physicists, by contrast,
were at least five or six years older and educated before the Bol'shevization of Soviet
education, and thus more theoretically inclined than their junior colleagues.?® Barring
rare exceptions, the missile designers represented an entirely different academic sen-
sibility and generation than the nuclear physicists, who were educated abroad or at
Moscow’s most elite universities.

The launch of the first ICBMs and Sputniks in 1957 provided a further boost to the
fortunes of these missile designers in the Academy system. In October, despite the
objection of a number of academicians, Korolev was awarded a “doctor of technical
sciences” without having written a dissertation (or indeed published a single scientific
paper). In December, two months after the first Sputnik, Nikita Khrushchev signed an
order giving free dachas to the six members of the missile program’s Council of Chief
Designers.? The realignment culminated in 1958 with the unprecedented election
of thirteen leading rocket designers into the Academy, either as full members or as
(junior) corresponding members; all were voted into the now-growing Department of
Technical Sciences.*® Membership in the Academy had many material benefits but also
represented public recognition from their peers in the world of basic sciences of the
value of their intellectual and practical work. There were further additions through
the 1960s as the Department of Technical Sciences surged with rocket designers and
other professional designers from the defense industry, who were seen as interlopers
by many specialists in the “pure” sciences.’! In July of 1963, Korolev was elected to
the Presidium of the Academy, the organization’s highest deliberative body.*

No one person more expertly negotiated across the various divides of Soviet
science—fundamental, applied, civilian, military—than Academy President Mstislav
Keldysh, an applied mathematician by training.*® Keldysh’s stature steadily rose
through the 1950s, largely because of his close working relationships with influential
members of the scientific elite such as Kurchatov and Sakharov. With rising clout,
Keldysh'’s portfolio diversified; by the mid 1950s, he was directly involved in thermo-
nuclear weapons development, ICBM design, the intercontinental cruise missile proj-
ect, and the development of supercomputers.** After becoming president of the
Academy in 1961, Keldysh served as one of the most prominent public faces of Soviet
science, even as a vast amount of his energy was, in fact, devoted to advising on the
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development of various Soviet armaments. By serving as the chairman of numerous
“interdepartmental” review commissions tasked by Nikita Khrushchev or Leonid Bre-
zhnev to evaluate important weapons systems, he influenced the outcome of many
intractable conflicts between designers. Keldysh’s personal opinion (or relationships)
were thus important barometers of the direction of such massive Soviet scientific and
technical projects as anti-ballistic missile systems, research on charged particle beams,
high-speed computing, and, most important, the space program.

Scientific research constituted a very small portion of the early Soviet space pro-
gram, especially in the 1960s. In fact, the effort was overwhelmingly dominated by
military infrastructure, needs, and services. In the formative years, almost every single
aspect of the program, from the smallest electronic component to the largest net-
worked system, was produced by the Soviet defense industry. On the client side, the
spacecraft and rockets were all produced for the Soviet military. And all of the infra-
structure was operated by the armed forces. Dedicated scientific projects were extremely
rare in the first decade of the Soviet space program, and even those had a strong mili-
tary bent to them.*

The most prominent contracting organization in the Soviet space program—similar
in many ways to a giant aerospace firm in the Western context—was the Experimental
Design Bureau-1 (Opytno-konstruktorskoe biuro-1, abbreviated OKB-1), based in the
northeastern Moscow suburb of Kaliningrad (or Podlipki) and headed by Sergei Korolev.
In the late 1950s, OKB-1 had driven the agenda for the early Soviet space program
benefiting from its leading role in developing Sputnik and the rocket that launched
it. In subsequent years, OKB-1 created further Sputnik and Luna spacecraft, and by
the early 1960s it enjoyed a dominant position within the emerging space program,
thanks largely to Korolev’s headstrong personality and unbridled ambitions. Although
only OKB-1’s space accomplishments were known to the outside world, the over-
whelming bulk of its work was dedicated to developing military systems, particularly
ballistic missiles and intelligence-gathering satellites. This preference for military sys-
tems, dictated largely by the military, clashed with Korolev’s personal interest, which
was increasingly drawn to the kind of space exploration that inspired science fiction
buffs. Weaned on the ideas of the early-twentieth-century theoretician Konstantin
Tsiolkovskii, Korolev’s vision for the Soviet space program—much like Wernher von
Braun’s for the American program—saw it as expanding progressively from Earth orbit
to the moon and eventually to the inner planets.*®

Korolev’s monopoly, both in developing missiles and exploring space, faced stiff
competition in the early 1960s as other ambitious designers began to encroach on his
domain. By the time of Gagarin’s flight, in 1961, two other prominent designers,
Vladimir Chelomei and Mikhail Iangel’, challenged Korolev’s monopoly and influence
in the space arena.’” For all three, work on civilian spacecraft was at best a luxury,
allowed if their primary work on missiles was not impeded in any way. In this
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situation, the missile-designers-turned-spacecraft designers faced a conundrum. The
most effective way for them to accrue publicity was to engage in space activities that
resonated deeply with a newly proud and hopeful Soviet populace. Yet their bread and
butter—their funding—came from the armed services, which resisted their penchant
for wasting time on space-related activities.®® This dilemma was central to the battle
that tore the N-I program apart.

The Market for Innovation

The increased authority of missile designers in the wake of the space successes of the
late 1950s gave them unprecedented influence on the direction of future space
research, particularly because the upper management had less expertise in evaluating
the technical efficacy of space-related proposals than in assessing missile-related ones.
In the post-Sputnik era, the Communist Party and the government had overlapping
structures to direct and manage the space program. The most important organ at
the government level was the so-called Military-Industrial Commission (Voennaia-
promyshlennaia komissiia, VPK), representing the various ministries and industrial
branches responsible for building hardware. The commission, established in December
1957 in the wake of Sputnik, was tasked with “leadership and monitoring of work on
the creation and quick introduction into production of rocket and reactive armaments
and other forms of military technology, and also to coordinate this work between
branches of industry independent of their branch affiliation.”** The VPK was estab-
lished to coordinate work on all Soviet military technology—not only rockets but also
tanks, airplanes, guns, ships, and submarines—but its leaders were largely grizzled
veterans from the missile industry who were on good terms with missile designers
such as Korolev and Iangel’ and more receptive to their proposals than, say, to a pro-
posal from a submarine designer.*” On the other hand, these industrial managers were
more than a bit bewildered by all this talk of space exploration; they had only the
barest level of expertise with which to compare a wildly ambitious Mars-exploration
program using ion-engine-equipped winged spacecraft (as Chelomei proposed) or a
modest and sober idea for a film-return reconnaissance satellite (as Korolev proposed).
This combination of familiarity with missile designers and lack of knowledge about
space systems produced a systemic problem: there was a welcoming environment for
the missile designers to send up all sorts of outlandish ideas for approval, but a lack
of expertise to evaluate their value.

Conventional wisdom has it that the Soviet defense industry operated in much the
same way as the rest of the economy, i.e., that this was a centrally driven command
economy with no market choices. Already during the Cold War, it was evident to some
Western analysts that this was not so. “Competition,” David Holloway noted in 1984,
“has been a common, though by no means universal, practice in the development of
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new weapons, especially of aircraft and missiles. Two or more design bureaus might
be given the same requirements and asked to produce designs: the Ministry of Defense
then selects the best design for development. This gives the customer a degree of
choice unusual in the Soviet economy.”*! Recent evidence confirms this view that a
uniquely Soviet quasi-market competition existed at certain stages of weapons design
as a result of practices that dated back to the 1930s.#? Naturally, both the buyer and
the sellers of weapons systems were owned by the state; yet, at key points in the
research and development process, market behavior very similar to US weapons
research and development was tolerated; this quasi-market emerged at the level where
the clients (usually, a broad coalition of representatives from the military-industrial
complex) had to arbitrate between multiple proposals for a new weapons system. In
principle, this meant that the military would select a particular designer’s idea from
a pool of proposals sent up to the VPK, based on a fit with requirements for the
weapon. In practice the process rarely operated as expected.* Instead, other more
subjective factors intervened. Favoritism predicated on professional and personal net-
works was crucial in the process; Chief Designer Mikhail Iangel’, for example, hailed
from Dnepropetrovsk, the Ukrainian industrial city where Brezhnev had served as a
regional Communist Party secretary. Designers, like American companies responding
to a request for proposals, also wildly exaggerated the capabilities of their own systems
and promised highly optimistic timetables. Most crucially, they would each invoke
American superiority in a particular field and guarantee that they and they alone could
counter the potential threat. To the designers, new projects guaranteed continuing
funding, and if they expressed some outward camaraderie or publicly appealed to a
common national purpose, at the design proposal level, they were deeply competitive
and often hostile toward one other. Each major chief designer of a weapons system
ruled over a fiefdom whose well-being (and often existence) depended on large and
continuing contracts.

The result was a chaotic research and development process that belied the public
image of a command economy pursuing a sustained and well-conceived path. In real-
ity, the VPK was completely unprepared to handle the large influx of proposals about
future plans and, often, based on lobbying from a particular designer, approved mul-
tiple proposals for the same requirement, fearful that they would be treading on the
toes of powerful patrons in Party and/or government who supported these ambitious
chief designers. This combination of increased authority due to the successes of the
early space program, personal connections with senior VPK officials, the (mis)use of
technical knowledge as leverage, and inefficient institutional mechanisms meant that
bureaucratic chaos was the norm rather than the exception in implementing large-
scale Soviet space projects. And as more and more ambitious chief designers entered
the fray by the early 1960s, formulation of any long-range and sustained vision of the

[vww.ebook3000.con)



http://www.ebook3000.org

Fighting Each Other 199

Soviet space program became all but impossible as the process became mired in petty
disagreements nearly impossible to arbitrate.

A Tale of Rocket Propellants

The idea for a “super rocket” for the Soviet space program emerged as a part of plans
to augment the standard and moderately powerful R-7 that had lofted the early Sput-
niks into orbit. As early as 1956, Sergei Korolev had referred to an idea for a massive
rocket with a launch mass of 1,100 tons.** Such preliminary studies culminated in an
intense period of investigation in early 1960 to develop some requirements and basic
design choices. At this point, neither Party nor military officials evinced much interest
in this idea, the former seeing this as a potentially costly diversion from immediate
needs and the latter believing that a heavy-lift rocket would not be militarily useful.
A meeting between Khrushchev and the leading space designers in January of 1960
appears to have altered the landscape, with Khrushchev calling for more intense efforts
to develop space projects to respond to what he saw as ambitious American plans.*
At the same time, Soviet military planners found statements from important American
officials such as Senator Lyndon B. Johnson, the Democratic Senate Majority Leader,
and Herbert F. York, the director of defense research and engineering at the Depart-
ment of Defense, as being belligerent and advocating increased militarization of space.
As a result, in the first few months of 1960, Soviet space designers scrambled to come
up with an appropriate response, a grand seven-year plan for space exploration that
would emphasize military operations. The central point in this ambition would be the
development of a super-rocket.

After an intense series of negotiations, the Party and the government approved a
long-range program of research on space travel in June of 1960. The heart of this
program was assigned to Korolev’s OKB-1, which was to create “a new powerful rocket
system with a launch mass of 1,000-2,000 tons” capable of putting 60 to 80 tons into
Earth orbit and sending 20 to 40 tons on translunar and interplanetary trajectories.
The main goal of such rockets would be to launch a “heavy interplanetary ship.”
According to the plan, by 1962 there would be a initial rocket known as the N-I, and
by 1967, and a more powerful one, the N-II. In drafting the decree to ensure that it
would be approved at the highest level, Korolev and his associates noted that such
super-rockets could be used for launching “space battle stations” into orbit and used
for all manner of military operations in space, including “monitoring space and
destroying enemy ... satellites” and reconnaissance missions and even for hitting
ground targets from space.*® Tellingly, none of these ideas for military applications
came from the military; high officials in the Strategic Rocket Forces had no idea why
they needed such a powerful rocket, and had, in fact, stayed out of the discussions on
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its specifications. As was not uncommon for weapons projects on both sides of the
Cold War divide, this was a case where the contractor spent an inordinate amount of
time trying to convince a client why they needed something that barely interested
them.

As money for the new super-rocket project started to flow in, there were a number
of decisions to be made about its design. The most contentious of these centered on
the engines, whose designers drew on the science of chemical propellants, dating back
to the early twentieth century. In 1903, when the Russian theorist Konstantin Tsi-
olkovskii first mathematically substantiated the possibility of space exploration in a
published essay, he noted that the most energetic rocket propellants would be a com-
bination of liquid hydrogen (fuel) and liquid oxygen (oxidizer).*

A rocket engine’s measure of efficiency, which depends on the characteristics of the
chemicals in question, is typically indicated by a number (“specific impulse”) which
measures the change in momentum per unit amount of propellant used; the higher
the specific impulse, the more efficient a rocket engine. For rockets launching objects
into space, engineers naturally gravitated to engines that promised higher specific
impulse ratings since such engines would require less propellant to attain a given
momentum. Theorists considered liquid oxygen the best oxidizer, one that when
combined with kerosene (or especially, liquid hydrogen) could produce very high
specific impulse values. That made liquid oxygen the first choice for space launch
vehicles in the early years of the space age. But high-energy propellants brought their
own challenges: oxygen, for example, takes on a liquid state only at very low tempera-
tures, from —-223°C to -183°C. Thus, in order to keep oxygen in its liquid form in the
tanks of rockets, engineers needed to deal with many technical challenges, such as
developing special systems to store super-cooled (or cryogenic) liquid oxygen both on
the ground and in the rocket. By increasing tank pressure, it was possible to bring up
the boiling temperature of liquid oxygen, but very high chamber pressures raised their
own challenges. Rockets with cryogenic propellants were also notoriously difficult to
ready for firing, especially in the early years of the space age: in the case of early ver-
sions of the R-7 ICBM, it took as much as 20 hours to prepare it for launch, which
made it practically useless for a surprise attack.

Non-cryogenic propellant combinations had their own advantages and liabilities.
For example, when nitrogen tetroxide was used as an oxidizer and standard kerosene
as a fuel, the combination was storable, implying that a rocket fueled with such pro-
pellants could be kept at the ready for a long time. For a military rocket, this was a
crucial asset. Unlike liquid oxygen, nitrogen tetroxide remained in a liquid state at
close to room temperature (from -11°C to 21.5°C), which made it easier to handle.
Such combinations, however, had low specific impulse values and thus were not quite
as efficient as cryogenic engines. Many storable propellants were also highly toxic. In
1960, a new Soviet ICBM, the R-16, had exploded on its launch pad and killed nearly
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90 people, many of them through exposure to the highly toxic propellants.* Yet the
singular advantage of being able to get keep a missile ready for launch on command
kept military commanders coming back to such storable propellants as the most ideal
for use in the Soviet offensive strategic force.

When Korolev’s engineers first proposed engines for the N-I, they gravitated to
cryogenic combinations, especially liquid oxygen and kerosene, which they had suc-
cessfully used in the R-7, recently put on service duty as the Soviet Union’s first
intercontinental ballistic missile.* For future upper stages, they assumed that other
high-energy propellants, including the liquid oxygen-liquid hydrogen combination
and perhaps even nuclear rocket engines, would be used. As before, the powerful first-
stage engines for the rockets would be developed under the tutelage of Valentin
Glushko, the Soviet Union’s preeminent rocket designer, who headed a large organiza-
tion, OKB-456, based in Khimki, a suburb northwest of Moscow.

Korolev and Glushko, the two giants of the Soviet space industry, already had a
long and storied relationship, one that had been marred for many years by the debate
over propellants. They had met as young men in the early 1930s and worked together
at a government-sponsored organization for rocket research, the Reactive Scientific-
Research Institute (RNII), in the interwar years. Debates over the appropriate choice
of propellants almost tore the institute apart; Glushko had staked out a clear position
in favor of storable propellants, particularly nitric acid, because they did not require
complicated ignition systems, were cheap to produce, and were easy to obtain in
Leningrad, where he had served his apprenticeship. Others favored liquid oxygen.
Many engineers left the institute in disgust when their favored propellant was privi-
leged over another. These battles added poison to the traumas at the height of the
Great Terror in the late 1930s when Korolev and Glushko were forced to denounce
each other on trumped-up charges of sabotaging equipment.*® Both spent time in the
depths of the Gulag and worked together in a prison camp for engineers, where
Korolev was Glushko’s deputy. After the war, they helped Soviet teams scour through
the detritus of German industry and then assumed leadership of separate design orga-
nizations, with Korolev, more influential, designing missiles, and Glushko producing
engines for them.*!

Perhaps because of their shared traumas, the two men remained on friendly and
respectful terms through the years. This connection began to fray by the mid 1950s
as several progressively bigger technical disagreements pulled them apart. The dis-
putes, initially technical, became increasingly personal. First, there was Glushko’s
refusal to design verniers (small steering engines) for the main engines of the R-7 in
the mid 1950s. Then there was Glushko’s failure to deliver on time a particularly
crucial upper-stage engine for an advanced rocket—a delay that stretched into several
years, until Korolev abandoned the contract.>> These small fissures widened further
with a major conflict over engines for Korolev’s first post-R-7 missile, the R-9 ICBM.
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By this time, Korolev and Glushko had staked out clear positions on the choice of
propellants, the former now favoring cryogenic propellants (including high-energy
fuels, such as liquid hydrogen) and the latter continuing to support storables.

Beginning in the early 1950s, the Soviet military had demanded that Korolev design
newer missiles using storable propellants, a demand that he had resisted. Late in the
decade, he proposed a new rocket, the R-9, that would use liquid oxygen, and under
severe pressure from Korolev, a number of chief designers reluctantly came out in favor
of it.>* After almost a year of discussion, the military grudgingly supported the project,
but only if Korolev could guarantee high-speed launch operations.>* Glushko, the only
major rocket engine designer in the Soviet Union who could be counted on to design
such powerful engines (approximately 144 tons of thrust at sea level), was tasked to
build engines for the R-9; he did this reluctantly, since he had begun to turn his entire
organization away from the tried and tested liquid oxygen-kerosene combination that
had powered the earlier R-7 ICBM. He had technical reasons for doing so; in the early
1950s, his last attempt to build a high-thrust single-chamber liquid oxygen engine
had ended in disaster as model after model exploded in ground-test stands due to high
frequency oscillations in the combustion chamber.>

Korolev himself had little confidence that Glushko could overcome these problems.
Resentful that Glushko had a near monopoly on rocket engine design in the Soviet
Union, Korolev invited a number of “outsiders” to submit proposals for the liquid
oxygen engines for the R-9. One of these was an organization based in the large
industrial city of Kuibyshev, nearly 1,000 kilometers southeast of Moscow, on the
banks of the Volga river close to Kazakhstan. Known by its cryptic name, OKB-276,
the design bureau was headed by Chief Designer Nikolai Kuznetsov, who had no
experience designing rocket engines; for nearly a decade he had led the design of
turboprop engines, including the NK-12 engines that powered the famous Tupolev
Tu-95 (“Bear”) strategic bomber.>® Kuznetsov’s attention was drawn to missiles in the
late 1950s, when Khrushchev, mesmerized by the power of rockets, had begun to limit
work for firms in the Soviet aviation industry. Numerous aviation firms struggled to
make ends meet by diversifying into other fields, such as the rocket and space industry.
The Soviet premier reportedly suggested to Korolev that he invite some of these design
bureaus to be subcontractors for the space program. A growing number of these avia-
tion firms, hungering for contracts, quickly turned their attention to Korolev and
other missile designers and began to solicit contracts. Kuznetsov’s design bureau was
one of them.%’

Kuznetsov’s foray into missiles cracked open the rift between Korolev and Glushko.®
The Soviet leadership had originally approved the development of the new R-9 ICBM
in May of 1959. Contracts were handed out, and Glushko began to develop a new
and powerful liquid oxygen—-kerosene engine. Lacking confidence in Glushko’s ability
to develop such an engine, Korolev, somewhat abruptly, at the end of the year, wrote
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a letter to Leonid Brezhnev, the Party curator in charge of the missile and space pro-
gram, to eject Glushko from the R-9 missile program in favor of newcomer Kuznetsov.
Korolev argued that Kuznetsov, despite his lack of experience in designing rocket
engines, could produce a much better and more efficient engine in a shorter time; it
didn’t help that Glushko had repeatedly failed to deliver major contracts on time.* It
was unprecedented and rare for a designer to demand that a government decision be
revised, but Korolev’s relationship with Glushko had soured by then and he was keen
to break his professional relationship with his former colleague. Glushko was livid
when he found out; he fired off a letter to the Military-Industrial Commission reject-
ing Korolev’s plea. In the end, Korolev lost his gamble, and the ministry in charge of
the program reiterated that Glushko’s engines would remain as part of the R-9 missile.
Korolev was forbidden to test any other engine in support of the ICBM.* The R-9 flew,
albeit much later than had been planned, and with Glushko’s engines, as originally
intended. Yet the battle over this military missile undoubtedly darkened the relation-
ship between the two men.

Glushko’s Refusal

The battle over the R-9 was only a prelude. From late 1960 to the summer of 1962,
there was a protracted conflict between Korolev and Glushko over propellants that
effectively split the entire program into two. Glushko recognized that Korolev’s N-I
and N-II rockets would constitute the future of the Soviet space program, and he
wanted to have major contracts for these rockets. But there was a problem: his opin-
ions about rocket engine design had dramatically shifted between 1958 and 1961, and
his change of heart put him directly at odds with Korolev. In the 1930s, Glushko’s
favored propellants had been storables, in particular nitric acid (as oxidizer) and kero-
sene (as fuel). After the discovery of the German V2 ballistic missile at the end of
World War II, Glushko had abandoned storables and reoriented his work to the use
of liquid oxygen and alcohol for about five years. Building on this experience, his
organization had produced engines using liquid oxygen and kerosene for the first R-7
ICBM. This combination made it difficult to prepare the missile for launch (which
made the military unhappy), but it did add a modicum of extra lifting power to the
rocket (which made the space enthusiasts happy). But between 1958 and 1961, Glush-
ko’s thinking slowly migrated back to his earlier position on the use of oxidizers and
fuels; he now rejected both liquid oxygen and kerosene.

First, he found a new fuel to replace kerosene. In 1949, the Leningrad-based
State Institute for Applied Chemistry developed a new toxic compound, a kind of
hydrazine fuel known as unsymmetrical dimethyl hydrazine (UDHM). According
to Glushko’s calculations, when UDMH was paired with liquid oxygen instead of
the usual kerosene, one could potentially increase specific impulse values by
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approximately 4 percent. By the late 1950s, when, on assignment from Glushko, this
institute developed an industrial base to mass produce UDMH, Glushko immediately
latched on to it, determined to stop using kerosene and replace it with UDMH. He
began building a series of liquid oxygen-UDMH engines, and in January of 1958
proposed to Korolev that the next ICBM should use this propellant combination.®!
From then on, Glushko’s organization developed almost no rocket engine without
UDMH as the fuel.

Second, he began to go a step further and replace the oxidizer, liquid oxygen. This
came as no surprise to anyone who knew Glushko’s history; he had a long-standing
animus toward liquid oxygen that he had suspended only because the Germans had
been using the substance in their V2. Although Glushko was a diehard space enthusiast
(and thus would be expected to prefer oxygen), he was also a realist. In the early 1930s,
when he was searching for an ideal combination of propellants, he gravitated to
materials that were available from industry. But one important criteria for him was
the problem of keeping rockets at a ready state. In 1936, bearing in mind that military
rockets had to be ready to be launched immediately on command, he had written
that “in terms of battle applications liquid oxygen [has] acute operational shortcom-
ings.” He added that “careful consideration of the properties of these materials shows
that [liquid] oxygen is not the best oxidant and [liquid] hydrogen is simply not suit-
able for practical use.”¢?

In replacing liquid oxygen, Glushko proposed tried and tested oxidizers such as
nitric acid. His engineers began development of a series of engines using the nitric
acid-UDMH combination in 1958 for new missiles developed for Chief Designer
Mikhail Iangel’, Korolev’s primary competitor at the time.®* Eventually, he found the
ideal oxidizer, nitrogen tetroxide, which promised even better specific impulse ratings
when combined with UDMH. By the end of 1960, his position had solidified: the best
combination of propellants for future rockets and launch vehicles would be nitrogen
tetroxide (as oxidizer) and UDHM (as fuel). In a letter to ministry bureaucrats and
military officials in December 1960, he noted that the availability of factories produc-
ing nitrogen tetroxide in the USSR created favorable conditions for its use in rockets
and that his design bureau had completely turned its attention to creating engines
using this oxidizer. He added—using a common strategy to strengthen an argument—
that the Americans were increasingly turning to the use of nitrogen tetroxide in their
missiles.®

The evolution in his thinking that led Glushko to abandon liquid oxygen angered
one constituency (Korolev) but pleased another. At the very same time that Glushko
embraced storable propellants, the Soviet Strategic Rocket Forces was gearing up for a
massive expansion, soliciting contracts from many different organizations to build
new generations of intercontinental ballistic missiles. Almost no one in the military
wanted liquid oxygen missiles; it was clear to most that if the Soviet Union were to
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have an effective ICBM force, it would need to have missiles that could be launched
at a moment’s notice. In the early 1960s, when the military handed out several con-
tracts, Glushko’s organization snapped up all the major slots for designing powerful
first-stage engines for these rockets. All of them used the nitrogen tetroxide-UDMH
combination, highly toxic to handle but much easier for operational use. With some
logic, Glushko believed that he would maximize his resources if he could produce
“dual-use” engines that could be used for both the “civilian” N-I and another military
rocket.

At the very beginning of the process, when Korolev’s engineers were busy concep-
tualizing the giant N-I rocket, they entertained Glushko’s insistence that they consider
storable propellants as a possible option for it.®> By March of 1961, Glushko clearly
and without equivocation informed Korolev that his organization, having done some
serious research into possible combinations for propellants, strongly preferred nitro-
gen tetroxide and UDMH for the new super-rocket.®® He offered two engines, known
as the RD-253 and RD-254, for the N-I; simultaneously he offered these engines for
use on a new proposed military rocket proposed by a competitor to Korolev, Vladimir
Chelomei.

In 1961, Korolev’s engineers did some intensive analysis of possible configurations
of the N-I. In considering propellants, engineers performed comparative analyses of
several combinations, some cryogenic (i.e., using liquid oxygen) and some storable.
Increasingly, they came to the decision that cryogenic combinations would be ideally
suitable for this rocket. Korolev had already handed out competitive contracts to
several organizations in March of 1961 to produce engines: some contracts went
to Glushko to produce his favored engines, while a parallel assignment disbursed
enough money for Nikolai Kuznetsov, the aircraft engine designer in Kuibyshev, to
begin work on several liquid oxygen-kerosene rocket engines.®” As the year ended,
engineers on both sides of the debate fully understood that, if at one point, Kuznetsov’s
engines represented an insurance policy for Korolev, by the end of 1961, they were
Korolev’s primary choice. But Glushko refused to back down. In late 1961, he fired
off several letters to Korolev, to Academy of Sciences President Mstislav Keldysh, and
to high officials in the Communist Party, pressuring them to make a decision in his
favor.®

The Keldysh Commission

The crisis culminated in July 1962 when an “extraordinary commission” tasked by
Nikita Khrushchev convened to examine the course of work on the N-I rocket. Headed
by Keldysh, the commission included dozens of academics, military officers, scientists,
and engineers.® Its goal was to review, over a period of two weeks, the documentation
on the rocket that had been prepared under Korolev’s tutelage, and ensure that the
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government approved the most optimal and efficient path of development. It was
unusual for a technological system to be subjected to such scrutiny at the highest
level, but the N-I was no ordinary technology; it was to be the most expensive single
project in the history of the Soviet space program. The obvious important issue at
hand was the selection of propellants for the N-I, a battle between Glushko’s storable
propellants and Korolev’s cryogenic ones.”

The arguments from each side advocating for their particular propellants were
generally grouped under four criteria: efficiency, cost, safety, and engine design and
operation. Glushko argued his case in a series of letters to Korolev and others in
late 1961 and early 1962. Korolev presented his case during the actual meetings of
the Keldysh Commission in July. The most important issue here was efficiency,
i.e., the ability of a certain propellant combination to lift a larger payload into orbit.
Here, Glushko’s argument was weak. He noted somewhat vaguely that “the payload
mass inserted into orbit, is evidently less” when using liquid oxygen—-kerosene because
of the need to reduce the evaporation of oxygen, which would require special insula-
tion material for the rocket tanks, thus making it heavier and thus less effective.”
Korolev's engineers had a very strong case against this argument, since all their cal-
culations showed that liquid oxygen-kerosene was much more efficient than storable
pairs, despite any additional weight on the rocket. Perhaps sensing that his position
would not fly with the Keldysh Commission, Glushko made a last-ditch argument: if
Korolev's engineers calculated that their liquid oxygen-kerosene pair was more effi-
cient, i.e., could lift more into orbit, it was simply because of “the particular design
of the N-I launch vehicle [and] thus we can assume that the design layout of the N-I
is not optimal for a heavy-class launch vehicle.””? In other words, he tried to deflect
attention to the design of the rocket rather than the propellant combination.

The second important factor was cost. Each side did extensive calculations on the
use of their respective propellants. They produced wildly different numbers, then
interpreted them with their own biases. Glushko noted that in 1962-63 nitrogen
tetroxide and UDHM cost 55 rubles and 1,800 rubles per ton respectively, whereas
liquid oxygen and kerosene cost 41 rubles and 39 rubles per ton respectively. He con-
ceded that the latter pair was “8 times cheaper” than the former, but only “if you
don’t consider the cost of super-cooled oxygen.” This was because of the perceived
extra cost of complicated systems and processes designed to ensure storage of liquid
oxygen in liquid form (at very low temperatures), both on the ground and on the
rocket.” “With such an objective assessment of the actual cost of tons of supercooled
oxygen,” he added, “it inevitably turns out to be several times more expensive. ... "7*
For his cost estimates, Korolev added overhead costs for both liquid oxygen and nitro-
gen tetroxide but still had a stronger argument: nitrogen tetroxide (181.4 rubles/ton)
and UDHM (2,142.6 rubles/ton) came out a poor second to liquid oxygen (110.2
rubles/ton) and kerosene (79.6 rubles/ton). Korolev noted that both liquid oxygen
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and kerosene had large production bases in Soviet industry (as did nitrogen tetroxide)
and were used widely in the Soviet economy. But concerns about having to develop
storage and cooling systems for liquid oxygen, which tended to evaporate easily, could
be put to rest, since such systems had already been developed for a military missile—
the R-9A ICBM. On the contrary, he argued, using nitrogen tetroxide would require
special equipment for the rocket, since the substance retained its liquid form only
between -11°C (12.2°F) and 21.5°C (70.7°F), a range that was far exceeded at the
launch site in Kazakhstan; in winter, special heating equipment would be required,
and in summer, the tank pressure would need to be increased to ensure a higher boil-
ing point, requiring thicker and thus heavier propellant tanks. In a comparison of
one-time capital investments in the development of the engines, liquid oxygen-ker-
osene would be less than half as expensive (8.1 million rubles vs. 18.9 million rubles).
The costs for subsequent launches would also favor liquid oxygen-kerosene (0.25 mil-
lion rubles vs. 2 million rubles).”s

The third issue was safety. Korolev noted that both UDMH and nitrogen tetroxide
were highly toxic compounds, thus requiring extra ground equipment to neutralize
waste, ensure drainage, “de-gas” facilities, and sanitize tanks after prolonged exposure
to propellants. Ground crews would also need special masks and suits for their own
safety. The fact that these components ignite upon contact with each other (that is,
are hypergolic) increased the demands on tightness of joints significantly. Liquid
oxygen and kerosene, on the other hand, were both non-toxic.”® Glushko conceded
that his propellants were toxic but noted that there had been no cases of poisoning
when launch-site rules of operation had been strictly followed. In fact, experience with
different rocket engines on earlier missiles showed that there were no cases of leaks
in storable-propellant engines as opposed to many cases of dangerous leaks of liquid
oxygen. The latter were especially hazardous, Glushko argued, because even a single
leak of liquid oxygen was very dangerous in view of its low boiling point and extreme
volatility, whereas with storable propellants both components would have to leak to
cause an explosion.

The fourth major issue under discussion was engine design and operation. Both
sides had compelling arguments. Glushko noted that because nitrogen tetroxide and
UDMH were self-igniting (hypergolic), engines using such propellants would not
require special ignition devices to start up; all that was needed was to put the propel-
lants in contact with each other. Such engines were by definition more reliable and
relatively easier to control—especially when simultaneously firing 24 engines, as
would be the case for the first stage of the N-I1. Hypergolic propellants also fired with
less delay time, igniting on command, a facility critical to the operation of upper
stages. Finally, Glushko argued, it was well known that high-thrust liquid oxygen
engines suffered from irregular combustion and were more subject to high-frequency
oscillations. In liquid oxygen engines, there was also the need to protect combustion
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chambers and nozzle walls from overheating. Glushko’s design bureau had already
faced these problems in the early 1950s in the course of developing single-chamber
cryogenic engines. None of these problems afflicted storable-propellant rocket
engines.”” Korolev’s engineers had a convincing counterargument: yes, they conceded,
“normal” liquid oxygen engines were susceptible to unstable combustion and some-
times even exploded into fragments because of the particular mix of liquid and gaseous
compounds that formed at the entry point of the combustion chamber. But all of
Glushko’s arguments were invalidated because Korolev was advocating the use of a
new type of cryogenic engine: what Soviet engineers called a “closed-circuit” engine,
known in the West as a type of “staged-combustion” engine. Such engines maximized
the use of propellants by minimizing gas losses that occurred when driving turbines.
They were extremely efficient (with high specific impulse ratings), safe from the com-
mon destructive properties of high-thrust liquid oxygen engines, and highly innova-
tive for the period. American engineers had avoided such designs, believing them to
be beyond the reach of current technology. Korolev, having already developed small
staged-combustion engines, believed that a bigger one might be possible; in 1959, his
new comrade-in-arms, Kuznetsov, had begun development of several new staged-
combustion liquid oxygen rocket engines.”®

As was typical for the time, final arguments were couched in terms of what the
United States was doing. Glushko noted that “the early versions of the Atlas and Titan
intercontinental rockets developed by the US used [liquid] oxygen and kerosene as
propellants,” but that “now [they are] urgently moving to use [nitrogen tetroxide]
with hydrazine.” “In this case,” he continued, [they] have in mind the possibility to
ensure long-term (several years) service of a fueled rocket in a battle-ready state with
[launch] preparation time down to 1 minute. For some years now, the second stages
of all Thor and Atlas missiles have been using only nitric acid and nitrogen tetroxide
as oxidizers with UDMH.””® Korolev argued almost the opposite:

There is evidence that 95% of the work on [rocket engines] in the US is focused on the use of
[liquid oxygen]. In 1960-61, the Rocketdyne-North American firm finished development of the
H-1 and H-2 oxygen-kerosene engines with thrusts of 85 tons and 112 tons. ... The H-1 engine
has fully passed ground testing ... and is now part of stage I of the Saturn rocket, which has
successfully passed its first flight test. ... All together in the US there are 19 [rocket engines] (90%)
with a thrust [range] of more than 7 tons that use [liquid] oxygen and only two engines (10%)
that work on nitrogen tetroxide.®®

The arguments went back and forth for days without much compromise, sometimes
fracturing the modicum of unity among the other chief designers. The choice, as
presented by the two leading parties, was between two engines, those of Glushko and
Kuznetsov, with Korolev arguing for the latter. Commission members debated various
technical, industrial, and organizational issues. Eventually, the Keldysh Commission
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voted unanimously to recommend, as Korolev had argued, that the N-I use Kuznetsov’s
liquid oxygen engines, adding in its official report that the N-I technical documenta-
tion fulfilled “high scientific technical standards” that had been originally demanded
in the initial proposals.”8! The commission justified its decision in favor of liquid
oxygen and kerosene on the bases of efficiency, cost, and safety. On all three points,
they were convinced that, as Korolev had argued, Kuznetsov’s engines would have
better lifting characteristics, would be safer to use, could take advantage of existing
systems, and be cheaper, having accepted Korolev’s cost numbers over those of
Glushko.®?

Glushko was livid. Despite the commission’s conclusion, he insisted on a total revi-
sion of the N-I design so it would use his storable-propellant engines, under develop-
ment for at least a year by then. Several prominent designers and highly placed
military officials tried in vain to convince him to participate, but he categorically
refused to make liquid oxygen rocket engines for the project.®® Eventually Nikita
Khrushchev was drawn into the battle, but even he was unable to mediate. “Differ-
ences of opinion,” he wrote in his memoirs,

started to pull [Korolev and Glushko] apart and the two of them couldn’t stand to work together.
I even invited them to my dacha with their wives. I wanted them to make peace with each other,
so that they could devote more of their knowledge to the good of the country, rather than dis-
sipate their energy on fights over details. It seemed to me that they were both talented, each in
his own field. But nothing came of our meeting. Later Korolev broke all ties with Glushko.®

As a result, the job of developing the N-I engines went to Nikolai Kuznetsov, a designer
of jet engines for Soviet civil aviation. The largest and most ambitious rocket ever built
in the Soviet Union would have engines designed by an organization that had never
flown a single one.

After the Decision

After Glushko was officially divorced from the program, he made repeated attempts
to undermine the N-I project—a tactic he had adopted even before the 1962 settle-
ment. In 1960-61, for example, during the conception stage of the N-I, Glushko had
tried several times to push through alternative ideas for a similar monster rocket, using
as a justification the goal of “maintaining the priority of the Soviet Union in this area
[of rocket design].”® Korolev, who sought to maintain a monopoly on the building
of the next generation of Soviet launch vehicles, bluntly rejected all these interven-
tions without seriously evaluating their value. Glushko was also sufficiently shrewd
to have an insurance plan in case the N-I didn’t work out: long before the final deci-
sion on the N-I propellants had been made, and unknown to Korolev, Glushko had
approached Korolev’s rival Mikhail langel’ and proposed the use of the same engines
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he was planning to use on Korolev’s rocket for a competing variant produced by Ian-
gel’.8¢ When that attempt failed, he tried again the following year with a new Iangel’
rocket, the R-56, proposing it as a much better alternative to the N-I, one that would
use his unused nitrogen tetroxide-UDMH engines from the N-I. He tried to appeal to
higher goals, imploring that “further delay in the development of rockets with ...
lifting capacity greater than the [American] Saturn I ... will exacerbate the
lag of the Soviet Union in the development of rocket technology.”® Glushko’s
stubbornness eventually brought him into conflict with Mstislav Keldysh. In late 1964,
two years after the decision against Glushko, when he brought up the propellant
issue once again at a meeting on the N-I, Keldysh replied sharply: “The question over
propellant components must stop. ... It’s now necessary to firmly reject everything
that interferes with [our work]. ... The arguments over this issue are just a waste of
time.”#

Glushko didn’t give up. In 1964-65, he insisted on a repeat study to evaluate the
characteristics of an N-1 rocket with his engines replacing Kuznetsov’s liquid oxygen
ones. In early 1965, a review commission rejected Glushko’s suggestion to rework the
N-1—not surprising, since millions of rubles had already been spent on the design
approved by the Soviet government.®’ A last-ditch effort to derail the N-I program
coalesced in the mid 1960s when Glushko joined with another Korolev competitor,
Vladimir Chelomei, and sent appeals to the Party and the government proposing a
new rocket that, if given the appropriate funds, could beat the Americans to the moon.
This new imagined super-rocket would use powerful storable-propellant rocket engines
developed by Glushko.? Even as more than 500 organizations nationwide were fully
engaged in producing the N-1 rocket, a government decree allocated funds to Chelo-
mei and Glushko to move ahead with their proposal. Eventually, saner heads pre-
vailed, and the idea was scuttled in 1968.”' Through it all, Glushko sent off several
missives to the Soviet government severely criticizing Kuznetsov’s work on liquid
oxygen engines for the N-I. After a ground test of Kuznetsov’s NK-15 engine went
awry, Glushko wrote: “You can see for yourselves that the engine is bad. It’s not fit
for work, and certainly not for installation on such a crucial piece of hardware like
the N-1.”92

How was Glushko able to refuse a state mandate to participate in the N-1 project?
How was he able to decline Khrushchev’s overtures at mediation? And later, how was
he able to mount repeated challenges to Korolev’s program when it had already
acquired significant organizational inertia? Three factors loom large here, all rooted
in the way in which Cold War pressures at the international level affected “local”
decision making.

First, Glushko’s hubris was undoubtedly reinforced by the elevated authority of
space-program chief designers in the aftermath of the success of Sputnik. One way
this individual agency was instrumentalized was cowing Party and government
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bureaucrats with explicit claims that Khrushchev or Brezhnev had personally sanc-
tioned some or other project and therefore the ministry had to act on it. Glushko was
not shy about using firm language; in one letter to Korolev insisting on the use of
storable propellants for the N-I, he underscored that his organization had been given
the obligation to develop powerful rocket engines by the “repeated, direct, and per-
sonal instruction of N. S. Khrushchev.”® With such invocations, missile chief designers
were able to push through many projects that duplicated the efforts of others. There
are innumerable cases of competitive projects tailored for singular goals when, because
the Party and the government structure were ineffective in curbing the power of chief
designers, simultaneous and similar projects were adopted and funded. The most strik-
ing case of such redundancy and waste was the so-called little civil war of the late
1960s, when competing missile designers—Vladimir Chelomei and Mikhail Iangel'—
waged a battle through their patrons in the power structure to gain contracts for the
third generation of Soviet ICBMs. In the end, Brezhnev, unable to decide between
different options, funded similar high-performance missiles from both parties, squan-
dering billions of rubles.**

Second, the authority of chief designers was undoubtedly affected by the perception
of work being done in the United States. In the post-Stalin era, when missile chief
designers appealed for funding for their pet projects, they invariably cited superior or
better-funded work ongoing in the West. For example, in the battle over propellants
for the N-I rocket, both Korolev and Glushko repeatedly used information about
American missiles. In January of 1961, at a meeting with representatives of the Min-
istry of Defense on the future of the N-1, Glushko noted that “on the basis of published
information it's worth nothing that in the second variant of the Titan rocket, the
Americans are using nitrogen tetroxide as oxidizer, and a mixture of 50% dimethyl
hydrazine and 50% hydrazine as fuel”—that is, storable propellants.® Later, in July of
1962, during the Keldysh Commission’s two-week-long deliberations on the design
of the N-I, Korolev produced a series of lengthy technical considerations to substanti-
ate his position on the appropriateness of cryogenic propellants, but then in his
conclusions specifically invoked concurrent American work.”® As in the case of the
N-I, each side could always find relevant information about American work to support
its case, a task made easier by the inability of high government officials to discern
actual sanctioned work going on in the United States from the speculations of Ameri-
can journalists.

Finally, there was the role of the Soviet military. When chief designers proposed
ostensibly civilian space projects, such as a moon landing, they often articulated
their ideas so as to suggest that these projects had both civilian and military uses.
Barring rare exceptions—principally lunar and deep space missions—all Soviet space
projects of the 1960s were military in nature or derived from military projects. To
attract the military’s attention, Korolev desperately tried to justify the N-I on the
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grounds that the military might need it. But the rocket’s initial lifting capacity of 75
tons and its use of cryogenic components ensured that the military would find little
or no use for it. In a meeting held in September 1960 to discuss the N-1, Major
General Aleksandr MryKkin, a senior official in charge of procurement for the Strategic
Rocket Forces, came right to the point: “Permit me to raise the following questions:
for what purpose [do we need] heavy spaceships [weighing 75 tons] and what mili-
tary application are they for?”*” Even though several government decrees instructed
the military to prepare proposals for what they could do with the N-I, the appropri-
ate department within the Strategic Rocket Forces never produced a requirement,
leaving Korolev to make up wildly ambitious ideas that bordered on fantasy, such
as an idea to deploy an “orbital belt” of hundreds of military satellites that could
continuously monitor the enemy and defend any space-based or ground-based asset
belonging to the Soviet Union.”® Even Korolev himself was self-aware enough to see
the absurdity of some of his ideas for military space activities. In early 1961, in a
letter to a defense industrialist, he conceded that “some of the proposals, on first
glance, may seem dubious or even somewhat fantastic. But ... one should not draw
any hasty conclusions.”®’

Chief designers such as Iangel’ or Chelomei or Glushko who tailored their work to
be more in tune with prevailing military imperatives than Korolev did, were more
likely to benefit from generous funding from the military services. In this context,
developing a rocket to land a cosmonaut on the moon was seen by many in the mili-
tary as a worthless sideshow to the real goal of achieving strategic parity. This was
strikingly underscored by two consecutive Soviet ministers of defense, Marshal Rodion
Malinovskii and Marshal Andrei Grechko. “We cannot afford to and will not build
super powerful space launch vehicles and make flights to the moon,” Malinovskii told
Air Force officials in January of 1965.' His successor, Grechko, was equally firm,
responding to a request for help by telling an official “I won’t give you personnel. I
won't give you money. Do what you like but I won’t raise this with the government.
... And in general, I am against flights to the moon.”1%!

Because the military were hostile toward the “civilian” space program, Glushko was
able to fortify his position by noting correctly that any storable-propellant engines he
built could be used (or at least the technology would be useful) for military programs,
particularly ICBM programs. Since the military were the primary clients for all space
projects, even ostensibly civilian ones, by catering to military needs Glushko could
have the military ensure a steady stream of funding for his organization. This security
added to Glushko’s rising stature; by the late 1960s, he enjoyed enormous authority
as the man who produced the heart of the Soviet strategic missile force: its rocket
engines. This connection to Soviet military power gave him significant leeway to
continuously try to intervene in the ongoing N-I project. Who would challenge him?
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Conclusions

The July 1962 decision by the Keldysh Commission effectively fractured the space
program into the Korolev and Glushko camps, destroying any semblance of unity
that may have existed during the Sputnik days. Although the break between Korolev
and Glushko was ostensibly over technical issues, the repercussions were far-reaching:
the two giants of the Soviet space program would not live to cooperate on another
project. Korolev turned his back on the most powerful and successful rocket engine
designer in the country and went to work with an organization that had almost no
experience in the field, the Kuznetsov design bureau. Glushko, meanwhile, lost his
role in what was to be the most expansive and greatest project in the history of the
Soviet space program. In the end, these decisions, in favor of Kuznetsov’s innovative,
efficient, and “civilian” engines instead of Glushko’s conservative, relatively inefficient
“military” engines, doomed the remainder of the N-I project.

Kuznetsov, an outsider in the Soviet space program, found it very difficult to gain
access to facilities for ground testing of his rocket engines, essential to certify his
engines as flight-worthy. The majority of facilities at the premier Soviet site for testing
rocket engines was devoted to Glushko’s storable-propellant engines (built for ICBMs),
and the resources to build ground infrastructure for Kuznetsov’s engines were meager
and late. His engines, though highly efficient, took far too long to develop, and their
development was marred by the decision not to construct a full-scale ground-test stand
for the rocket’s e