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A thrilling narrative of scientific triumph, decades of secrecy, and the unimaginable destruction
wrought by the creation of the atomic bomb.It began with plutonium, the first element ever
manufactured in quantity by humans. Fearing that the Germans would be the first to weaponize
the atom, the United States marshaled brilliant minds and seemingly inexhaustible bodies to find
a way to create a nuclear chain reaction of inconceivable explosive power. In a matter of months,
the Hanford nuclear facility was built to produce and weaponize the enigmatic and deadly new
material that would fuel atomic bombs. In the desert of eastern Washington State, far from prying
eyes, scientists Glenn Seaborg, Enrico Fermi, and many thousands of others—the physicists,
engineers, laborers, and support staff at the facility—manufactured plutonium for the bomb
dropped on Nagasaki, and for the bombs in the current American nuclear arsenal, enabling the
construction of weapons with the potential to end human civilization.With his characteristic
blend of scientific clarity and storytelling, Steve Olson asks why Hanford has been largely
overlooked in histories of the Manhattan Project and the Cold War. Olson, who grew up just
twenty miles from Hanford’s B Reactor, recounts how a small Washington town played host to
some of the most influential scientists and engineers in American history as they sought to
create the substance at the core of the most destructive weapons ever created. The Apocalypse
Factory offers a new generation this dramatic story of human achievement and, ultimately, of
lethal hubris.
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FACTORYPROLOGUEAS SOON AS FRANKLIN MATTHIAS FLEW OVER THE HORSE
HEAVEN Hills, he knew he’d found what he was looking for. Spread out below him was a barren,
wind-swept plain. The Columbia River, running cold and deep, separated the plain from higher
ground to the north and east. To the west the top of Rattlesnake Mountain was covered by snow,
but the rest of the land, tinted gray-green by sagebrush, was snow-free, even on this first day of
winter.Matthias, a 34-year-old colonel in the US Army Corps of Engineers, went through the
checklist he’d gotten from the engineers at DuPont. The Columbia could provide plenty of clear,
cold water for the reactors. A row of spindly metal towers carried high-voltage lines from Grand
Coulee Dam, which had come online just the year before. Not far from the towers, a spur line
from the Milwaukee Road emerged from the gap where the Columbia cut through the Saddle
Mountains. DuPont could haul equipment, construction materials, and chemicals down the rail
line to the site.The plain was at least twice as large as the 12-mile by 16-mile expanse that the
engineers had demanded, and no large towns were nearby. If one of the reactors blew up,
relatively few people would be killed. And on that December 22, 1942, with the sun low on the
horizon and silvered by clouds, the land looked sere and forlorn. A few scraggly towns—
Richland, Hanford, and White Bluffs, according to the map—interrupted the treeless expanse,
along with some bedraggled farms. But the number of people who would have to move couldn’t
be more than a thousand or two. “This is it,” Matthias thought. “There’s nothing like it in the



country.”Matthias was looking for a place to build a facility that he had been told could end World
War II. Four years earlier, two chemists working in a laboratory a few miles away from Hitler’s
Berlin headquarters, with the invaluable help of an Austrian physicist living in exile in Sweden,
had announced that atoms of uranium could split and release immense quantities of energy.
Alarmed that Nazi Germany would use the discovery to build atomic bombs, the United States
had launched a crash program, dubbed the Manhattan Project, to build them first. Even as
Matthias was flying over the towns of Richland, Hanford, and White Bluffs, workers were clearing
a vast tract of land in eastern Tennessee, near a sharp rise of land known as Black Oak Ridge,
where a massive factory to create bomb-making materials would rise over the next two years.
On the flanks of an extinct volcano in New Mexico, other workers were converting a boys’ school
in the tiny hamlet of Los Alamos into a top-secret laboratory, where many of America’s leading
scientists would soon congregate to assemble the raw materials of the atomic age into weapons
of unprecedented power.Los Alamos and, to a lesser extent, Oak Ridge have gotten most of the
attention in histories of the Manhattan Project. That’s understandable. The Oak Ridge facility
produced the material in the first atomic bomb used in warfare, the one dropped on Hiroshima,
Japan, on August 6, 1945. The scientists at Los Alamos accomplished in a few short years work
that would normally have taken much longer.But in this book I argue that the Hanford nuclear
reservation in south-central Washington State is the single most important site of the nuclear
age. Hanford produced the material in the first atomic bomb ever exploded, near Alamogordo,
New Mexico, on July 16, 1945. The first full-scale nuclear reactor was built at Hanford, and all
subsequent reactors have used ideas and technologies developed there. The last atomic bomb
used in warfare—the one dropped on Nagasaki, Japan, on August 9, 1945—contained nuclear
material manufactured at Hanford.The Hiroshima bomb was a technological one-off. No
subsequent bombs used that design, except for a few artillery weapons that were soon
discarded. At the core of every nuclear weapon in the world today is a small pit of radioactive
material made either at Hanford or at a comparable facility elsewhere in the world.Hanford and
its successor facilities have given us, for the first time in history, the ability to destroy ourselves
and everything we have ever created. Understanding what happened at the site that Colonel
Matthias chose on that solstice day in December 1942 may give us a way to avoid that fate.IF
MATTHIAS HAD LOOKED through the window of his reconnaissance plane toward the
northeast, he would have seen a distant gray smudge on the horizon. That’s the town of Othello,
Washington, where I grew up in the 1960s and early 1970s. I had an idyllic, all-American
childhood in Othello. In those days of laissez-faire parenting, my friends and I, on weekends and
in the summer, were free to do pretty much anything we wanted once we’d finished a few chores.
We could ride our bikes to the swimming holes outside town, to the strange rock formations
carved into the desert by prehistoric floods, sometimes all the way to the Tri-Cities, 60 miles to
the south, on the banks of the Columbia River. We congregated at Othello’s many parks to play
baseball, at the drugstore to read comics, and at the one-room library adjacent to city hall. In
rosy hindsight, I remember Othello as an isolated, self-contained paradise where we were free



to make our own mistakes and enjoy our own triumphs.If I hadn’t lived in Othello, I could have
written almost exactly the same book as you hold in your hands. Then again, if I hadn’t lived in
Othello, this book might never have been written. Hanford and Nagasaki have always been the
neglected stepchildren of World War II. Some people might have heard of Hanford as the “most
contaminated nuclear site in the Western Hemisphere,” or as the location of a multi-billion-dollar
Department of Energy cleanup, but they probably haven’t heard much else. In Japan, residents
of Nagasaki often wonder why Hiroshima gets so much more attention than the city on which the
second bomb was dropped. Throughout the world, people tend to speak of “the bomb,” rather
than “the bombs,” as if the two quite different bombs dropped on Japan can all be captured in a
single abstract image.The first time Colonel Franklin Matthias saw the barren stretch of land
extending from Richland to White Bluffs in south-central Washington State, he knew it would be
perfect for the plutonium production facilities that came to be known as Hanford. The distance
from Richland to White Bluffs is about 30 miles. Map courtesy of Matt Stevenson; drawing
courtesy of Sarah Olson.Hanford was born in secrecy, operated in secrecy, and remains
obscure today. Most histories of the Manhattan Project have focused on the exotic physicists
who worked largely in New Mexico, not on the chemists, metallurgists, and engineers elsewhere
who were just as vital to the project’s success. As Richard Rhodes said of his magisterial four-
volume history of the atomic age, “I treated plutonium production to some extent as a black box,
inadvertently contributing to the myth that the atomic bomb was the work of 30 theoretical
physicists at Los Alamos.” Yet the successful operation of the facilities built at Hanford changed
the course of history. World War II would not have ended the way it did without the bomb-making
material from Hanford’s reactors. The Cold War would not have been fought the way it was if
Hanford and the corresponding facility in the Soviet Union had not been churning out their
deadly product—enough to end human civilization many times over. The ongoing cleanup of the
site has provided the world with a precautionary tale of nuclear overreach.The history of the
atomic age looks radically different from the perspective of Hanford. The United States probably
would not have undertaken an atomic bomb project during World War II if Hanford could not
have been built. Without Hanford, the US military certainly would not have had multiple atomic
weapons with which to bomb Japan and threaten the Soviet Union after the war. The history of
Hanford explains why the world’s first nuclear reactor was built when and where it was. It
accounts for the decision to bomb Nagasaki just three days after Hiroshima, before the
Japanese government had time to react to the new era of warfare that had begun. It recalibrates
the moral calculus of the Manhattan Project. When asked after the war about the famous
statement made by Robert Oppenheimer, the head of the Los Alamos laboratory, that physicists
had “known sin,” the lead engineer at DuPont, the company that built Hanford, said, “My God, if
everybody that has made an important contribution to the Hanford project was a sinner, then it
would take several Rose bowls to hold them all.”Of the three sites in the Manhattan Project
National Historical Park established in 2015—Oak Ridge, Los Alamos, and Hanford—the latter
is where the physical, the personal, and the political meet most starkly. Hanford represents one



of humanity’s greatest intellectual achievements; it also embodies a moral blindness that could
destroy us all. People have begun to realize, after decades of warnings, that climate change
poses a severe threat to our species. Yet they blithely overlook the fact that human civilization
could end in a few hours if the leaders of the nuclear states were to unleash the force that
Hanford has placed in their hands.Seen from the top of Rattlesnake Mountain, the land selected
for the Hanford nuclear reservation lies within a broad bend of the Columbia River. Courtesy of
the US Department of Energy.Hanford is where people confronted for the first time all the
dilemmas of power, pollution, destruction, and sustainability associated with nuclear energy. The
laws of physics enable us to create substances that can release immense quantities of energy.
This energy can power electrical grids, cure cancer or cause it, and destroy cities. The
substances produced in nuclear reactors will remain dangerous for hundreds of thousands of
years, longer than we have existed as a species on this planet. Are we mature, reasonable, and
wise enough to be entrusted with such knowledge?What Matthias had been told about his 1942
mission to Washington State was right. The facilities built at Hanford did end World War II. They
also opened the door to a new world, one with which we still have not come to terms.PART
1THE ROAD TO HANFORD“I didn’t think, ‘My God, we’ve changed the history of the world.’”—
Glenn SeaborgChapter 1BEGINNINGSTHE ROAD TO HANFORD BEGAN IN A COLLEGE
CLASSROOM IN SOUTHERN California. There, in early 1932, on the recently opened campus
of the University of California, Los Angeles, a chemistry student named Glenn Seaborg heard
about a momentous scientific development—the discovery of the neutron. Over the next 13
years, the combination of that student and that discovery would lead to entirely new radioactive
substances, to entirely new elements, and to atomic bombs.Toward the end of his long and
productive career, The Guinness Book of World Records recognized Seaborg as having the
longest biography of anyone in Who’s Who in America. Yet he came from a small and isolated
town, was not much interested in science until his last two years in high school, and for a long
time questioned his ability to do great things. Compared with European scientists, who often
came from privileged families, Seaborg was typical of mid-20th-century US scientists, who
tended to be from rural and middle-class families—perhaps, according to one commentator,
because “pathways to success in big business or the established professions are relatively
unavailable, but social mobility via a scientific education is possible.” As his future colleague
Emilio Segrè, whose father had owned a factory near Rome, once exclaimed: “Seaborg’s
brother is a truck driver!”In 1922, when he was 10 years old, Seaborg’s parents sold their house
in Ishpeming, Michigan—a small town about a dozen miles west of Marquette—and bought one-
way tickets to California. They settled into a new subdivision in what is now the city of South
Gate near Los Angeles. They carried water in a bucket to their partly finished home, raised
vegetables in a backyard garden, and cooked eggs from their chickens. “We weren’t poor so
much as we just didn’t have money—the same as almost everyone in the neighborhood,”
Seaborg later recalled.He went to high school two miles away, in an already diverse Watts.
Seaborg’s mother wanted him to be a bookkeeper. He thought he might be interested in



literature. But he knew he wanted to go to college, and a school counselor told him before his
junior year that he needed to take at least one laboratory class to qualify. He signed up for
chemistry.His teacher was a man named Dwight Logan Reid, who “taught chemistry with the
charisma and enthusiasm of an old-fashioned preacher,” Seaborg wrote. Science immediately
appealed to Seaborg. It had an internal logic. “You could learn certain principles and then make
predictions. It all seemed to hang together.” By halfway through the year, he had decided to
become a chemist.He had the highest grades of his 45-member high school class and was
admitted to the University of California, Los Angeles, on a scholarship. But even though he could
commute from home, the incidental expenses were going to be hard to cover. The summer after
high school he got a job at the Firestone Rubber and Tire Company, cleaning the caked tar off
glassware and preparing chemical compounds. No matter what else happened, Seaborg
thought, he could always become an industrial chemist.His junior year, Seaborg began taking
physics classes in addition to the chemistry classes required for his major. It was a remarkable
year to be a college science student. In February of 1932, the discovery of the neutron by the
British physicist James Chadwick answered a question people had been asking for millennia:
What is the world made of?Since the turn of the 20th century, scientists had known that matter is
made of atoms—minuscule particles so small that 20 million of them lined up in a row would just
about span the letter o. But the constituents of atoms had remained mysterious. Physicists knew
that they contain positively charged particles called protons that are clustered together in a
central object called the nucleus. This nucleus is surrounded by a swirling mist of much lighter
particles known as electrons. The number of protons determines what kind of element an atom
is. Hydrogen, at the top of the list of elements, has a single proton. Uranium, at the bottom of the
list (as it then existed), has 92.But something else had to be going on in atomic nuclei. For one
thing, the positively charged protons should repel each other, like the matching ends of two bar
magnets. What was keeping the nucleus together? Also, physicists had determined that atoms
of the same element could have different weights, so nuclei had to contain something besides
protons, but what?The discovery of the neutron solved both problems at once. With their neutral
electric charge, neutrons act as a sort of nuclear glue. They stick to protons and to each other to
keep the protons in nuclei from blowing atoms apart. Furthermore, atoms with the same number
of protons can have different numbers of neutrons, which accounts for the different weights of
what are known as isotopes of the same element. It all made sense. Everything fit
together.Scientists were delighted by the discovery of the neutron. It explained how atoms are
constructed and why they have the properties they do. But the neutron’s discovery also sent
science—and incipient scientists like Seaborg—careening down entirely new paths.AS A UCLA
FRESHMAN, Seaborg had no idea what a PhD degree was. In his junior year, he decided he
wanted to get one. He applied to the graduate program in chemistry at the University of
California, Berkeley, and, despite his “lingering disbelief” that he belonged at such a top-notch
university, was accepted. “The whole Berkeley atmosphere was like magic to me,” he later wrote.
“Berkeley was Wonderland.”When Seaborg began graduate school in the fall of 1934, Berkeley



was one of the leading universities for science anywhere in the world. The chemistry
department, under the leadership of its dean, Gilbert Lewis, was widely considered the best in
the United States. Seaborg soon impressed the gruff, cigar-chomping Lewis with his good sense
and industriousness. He later spent many hours at Berkeley preparing solutions and making
measurements under Lewis’s watchful instruction—critical preparation for the tasks to come.The
physics department at Berkeley was even stronger. On the experimental side, it centered on
Ernest Lawrence, the inventor of a device called a cyclotron. Though Lawrence was 11 years
older than Seaborg, the two men had many things in common. Lawrence was born and raised in
a small town in South Dakota and attended the University of South Dakota, where a charismatic
teacher steered him away from premedical studies to physics. After receiving a PhD at Yale in
1925, he was lured to Berkeley by a generous salary and a promise of plenty of time for
research. He conceived of the cyclotron one evening in 1929 while leafing through an obscure
journal in the Berkeley library. Gazing at a half-understood drawing, he suddenly thought how he
could use circular magnets and a rapidly fluctuating electrical field to accelerate charged
particles to speeds never achieved before. He immediately knew the significance of what he’d
found (he received the Nobel Prize for the discovery 10 years later). The morning after his
evening in the library, encountering the wife of another faculty member on a campus walkway, he
told her, “I’m going to be famous.”On the theoretical side, the Berkeley physics department
revolved around a radically different man. J. Robert Oppenheimer was the son of wealthy,
nonobservant Jewish parents who lived on the Upper West Side of Manhattan. A polymath in
the elite private school he attended, he read the classics in Greek and Latin, studied French
poetry, and was tutored by the curator of the American Museum of Natural History—all in high
school. He studied chemistry, physics, philosophy, and mathematics at Harvard and then
physics in Europe, receiving his PhD after an oral examination administered by the German
physicist James Franck. As Franck said afterwards, “I got out of there just in time. He was
beginning to ask me questions.” During high school and afterwards, Oppenheimer had spent
several summers on a ranch in New Mexico, and his love for the West was a factor in his
arranging for joint positions at the California Institute of Technology and at Berkeley, starting in
1929, when he was just 25 years old. In both institutions, he was surrounded by a contingent of
graduate students who tended to mimic his mannerisms, including the strange humming he
made between paragraphs of impeccably crafted prose. They were sometimes called the “nim
nim boys.”Ernest Lawrence, Glenn Seaborg, and Robert Oppenheimer at the controls of
Lawrence’s University of California, Berkeley, cyclotron. The men were at the center of America’s
effort to build atomic bombs. Courtesy of the US Department of Energy.In the midst of all this
scientific talent, Seaborg was at times overwhelmed. “I couldn’t get over the feeling that I’d been
plucked from the minor leagues and put on a major league all-star team. The world is filled with
talented prospects who can’t hit the curveball—would I turn out to be one of them?” He solved
the problem with midwestern good sense: he resolved to work as hard as he possibly could.
“That has proved to be the secret of whatever success I’ve had, if you call such a pedestrian



notion as hard work a secret. Looking back, I can say that my whole life I’ve been surrounded by
people who are brighter than I am, and I’ve done my best to take advantage of having them to
work with.”Seaborg threw himself into graduate school life. He took courses, attended seminars
led by Lewis, Lawrence, and Oppenheimer, taught an introductory chemistry lab to make money,
and sought out an advisor whom he thought would give him lots of freedom to pursue his own
path. His education at UCLA had given him a solid grounding in both chemistry and physics, and
the intersection of physics and chemistry is where the excitement was at Berkeley in the 1930s.
He got to know the physicists in the building at Berkeley that housed the cyclotrons—known as
the Radiation Laboratory or Rad Lab. It was so full of radio waves, Seaborg recalled, you could
light an electric bulb by touching it to any metal surface. He was an energetic and enthusiastic
young graduate student eager to make his mark on the world.IN 1934, THE SAME YEAR that
Seaborg started at Berkeley, more remarkable scientific news emerged from Europe. Since the
end of the 19th century, scientists had known that the heaviest elements found in nature, like
radium and uranium, are unstable. Their nuclei emit subatomic particles like electrons and alpha
particles (consisting of two protons and two neutrons) along with high-energy packets of light
known as gamma rays, which scientists had collectively termed radiation. In the process, heavy
elements gradually change from one element to another until they find a stable configuration of
protons and neutrons.This, too, makes sense. The more protons an atom has, the more fiercely
they repel each other. The heaviest elements have lots of neutrons to hold their protons together
—the most common isotope of uranium has 146 neutrons compared with 92 protons. But even a
superabundance of neutrons is not enough to render heavy elements completely stable, and
eventually they decay to lighter elements.In January 1934 the husband and wife team of Irène
and Frédéric Joliot-Curie (they hyphenated their last names when they were married) made an
astonishing discovery. All elements, it turns out, have isotopes that are radioactively unstable.
Bombarding any element with subatomic particles can create nuclei with unstable combinations
of neutrons and protons that do not exist in nature. Physicists had assumed that such
combinations would immediately fall apart. Instead, these oddball collections of protons and
neutrons stick together, but just for a while. Over time, just like heavy elements, these unstable
isotopes of light elements decay to new combinations of protons and neutrons until they find a
stable configuration.The discovery of what the Joliot-Curies termed artificial radioactivity was
just as momentous as the discovery of the neutron. Suddenly, the universe consisted of much
more than stable light elements and radioactive heavy elements. By bombarding stable
elements with subatomic particles, physicists could create radioactive isotopes, or
radioisotopes, with new, unusual, and highly useful properties. It was as if the surface of reality
had gone transparent and revealed a shadow world beneath.THE DISCOVERY OF ARTIFICIAL
RADIOACTIVITY made Lawrence’s cyclotron at Berkeley into a scientific goldmine. By
bombarding different elements with fast-moving particles accelerated by the cyclotron, the
Berkeley physicists could produce a virtually unlimited number of new and previously unknown
radioisotopes.With his background in both chemistry and physics, Seaborg was perfectly



positioned to join the radioisotope hunters at Berkeley. Still, as a wet-behind-the-ears graduate
student, he needed a break to get into the field. One day in April 1936, he was walking between
the physics and chemistry buildings when a physicist named John Livingood stopped him.
Livingood had been bombarding a target of tin in the cyclotron, seeking to create radioactive
elements slightly heavier and slightly lighter than tin. Would Seaborg be interested in chemically
separating the newly created elements from the irradiated target?This was just what Seaborg
needed. It would put him in direct contact with the work going on in the Rad Lab, an opportunity
usually denied young graduate students. And once he started working on one project, he knew
he would be caught up in others. He quickly set up a small lab in the physics building and
bootlegged the chemicals and equipment he would need from the chemistry department. When
Livingood brought him the irradiated tin, he dissolved the target in acid and added chemicals
that combined first with the tin and then with indium (the element just before tin) and antimony
(the element just after). “Deuteron-Induced Radioactivity in Tin,” which was published a few
months later in Physical Review, was Seaborg’s first published scientific paper.Over the next few
years, Seaborg, Livingood, and their colleagues at Berkeley discovered dozens of radioactive
isotopes, including several of the most important radioisotopes used in medicine and industry
today. Cobalt-60 is used to treat cancer and sterilize medical instruments. Technetium-99 is used
to image the liver, lungs, brain, and other organs. Iodine-131 is used to diagnose and treat
thyroid problems. Seaborg later claimed that this last isotope was the most significant of all the
ones he helped discover. Twenty-five years after its discovery, iodine-131 prolonged his mother’s
life by a decade when she contracted hypothyroidism, a disease similar to the one that had killed
her sister.Seaborg earned his PhD in 1937 for a thesis on the interactions of neutrons with lead.
He then went to work for Lewis as a research assistant while continuing his own research in the
mornings, during lunch breaks, and in the late afternoons and evenings. Seaborg was becoming
more and more interested in the odd behavior of uranium and other heavy elements when they
were bombarded by subatomic particles. They were giving off strange signals that were hard to
interpret. Something interesting was going on in their nuclei, but no one could figure out what.
Seaborg began spending more time with the physicists in the Rad Lab.It was a backbreaking
schedule, but Seaborg also took time to have fun. One night he and fellow chemist Willard Libby,
who would win a Nobel Prize in 1960 for his development of carbon dating, went out with two
other Berkeley colleagues and a young chemist named Henry Taube to celebrate Taube’s new
PhD. After going to Trader Vic’s on San Pablo Avenue, where they drank Zombies to celebrate
Taube’s achievement, they went to a Chinese nightclub on Tenth Street in Oakland. When they
entered the club, the new doctorate holder, who would eventually win a Nobel Prize for his work
on how electrons behave in metals, pitched headlong onto the floor, “the result of too many
Zombies,” Seaborg recalled. “I wonder if any of the people in that night club who witnessed our
arrival would have believed that three of us were to win Nobel Prizes.”Chapter 2THE CHAIN
REACTIONON TUESDAY, JANUARY 31, 1939, LUIS ALVAREZ, A 27-YEAR-OLD physicist
working at Berkeley’s Rad Lab, was reading the San Francisco Chronicle while getting his hair



cut at the student union building. On the second page he came across the following article:200
Million Volts of EnergyCreated by Atom ExplosionsWASHINGTON, Jan. 29 (AP)—American
scientists heard today of a new phenomenon in physics—explosions of atoms with a discharge
of 200,000,000 volts of energy.The article, though somewhat confused on the details, explained
that German chemists had been bombarding uranium atoms with neutrons and had discovered
that the atoms were splitting roughly in half to form much smaller atoms, a process they later
termed fission. When the atoms split, they gave off immense amounts of energy—far more than
the energy released in chemical reactions. Scientists quoted in the article, including the famous
Italian physicist Enrico Fermi, said that the finding was comparable in significance to the
discovery of radioactivity.Alvarez jumped from the barber chair, his hair half cut, and ran up the
hill to the Rad Lab. There he encountered fellow Rad Lab physicist Philip Abelson, who also had
been trying to understand the odd behavior of uranium when it was bombarded with neutrons in
the cyclotron. “I have something terribly important to tell you,” Alvarez said. “I think you should lie
down on the table.” Abelson lay down next to the cyclotron’s control panel. Alvarez told him the
reason he and other scientists around the world had been getting such strange results from the
bombardment of uranium: the uranium atoms were splitting into pieces.“When Alvarez told me
the news, I almost went numb,” Abelson recalled. Like everyone else, he had assumed that the
signals he was measuring from the bombarded uranium were coming from elements slightly
heavier or slightly lighter than uranium. But the signals had been coming from much smaller
atoms all along. Abelson realized that he “had come close but had missed a great
discovery.”Seaborg heard the news that evening at the weekly meeting of young physicists and
chemists to discuss recently published papers. Some of the attendees didn’t believe it. That’s
not what they had learned about atoms. Bombarding elements in the cyclotron produced
elements just before and just after that element on the periodic table—it didn’t split the atoms
into much smaller atoms. As Seaborg later put it, “If you hit a car-size boulder with a pick, you
may chip off a piece, but you won’t split the boulder into two halves.” But now the German
chemists were saying that hitting uranium atoms with neutrons was doing just that. It was
splitting the atoms into barium, with 56 protons, and krypton, with 36.Despite the others’
skepticism, Seaborg knew immediately that the Germans were right. For years, physicists and
chemists had been puzzled by the variety of signals they were getting from irradiated uranium.
The splitting of uranium atoms into smaller atoms, each of which produced its own radioactive
signals, explained the results perfectly.After the journal club, Seaborg was distraught. “I walked
the streets of Berkeley for hours with the news whirling around my head,” he later remembered.
“My mood alternated between exhilaration at the exciting discovery and consternation that I’d
been studying this field for years and had completely overlooked the possibility of this
phenomenon—and missed a chance for an astounding discovery.”Other scientists were equally
dismayed. When the physicists at the Rad Lab had bombarded uranium in the cyclotron, they
had noticed jolts of energy on their radiation detectors. But at the time they had decided that
their detectors were malfunctioning and had turned them off rather than searching for the source



of the signal. The Joliot-Curies had missed fission, too, refusing to consider the possibility that
uranium was splitting into smaller atoms. Even Enrico Fermi’s team at the University of Rome,
which in 1934 had pioneered the bombardment of uranium with neutrons, had overlooked the
fissions occurring in their experimental apparatus. After the German announcement, physicists
everywhere realized that the signals had come from fissioning uranium atoms.After a few days of
self-recrimination, Seaborg came to terms with the discovery. “What an exciting specialty I’d
chosen,” he decided. “What great fortune to be in a field with so much work to be done.”JUST A
FEW WEEKS EARLIER, in the lobby of the King’s Crown Hotel in New York City, two émigré
European scientists living in the United States met each other for the first time. If Seaborg’s
decision to go into science was one of the keys to the launch of Hanford, that meeting was the
other.One of the two men was Enrico Fermi—at that point, with the possible exception of Albert
Einstein, the best-known physicist in the world. Fermi was perhaps the last great physicist who
was equally skilled as a theoretician and an experimentalist. Earlier in the decade, as a young
professor at the University of Rome, he had developed a theory that explains radioactive decay,
proposing that it results from a force in nature different from gravity or electromagnetism. He and
his colleagues at the university were also the first to use neutrons to convert elements into
radioactive isotopes, discovering in the process that slowly moving neutrons are especially
effective in reconfiguring the neutrons and protons in nuclei. Fermi was a star in Italy, surrounded
by skilled colleagues, lauded by the media, honored by Mussolini.But Fermi’s wife Laura, the
smart, beautiful, and elegant daughter of an admiral in the Italian Navy, was Jewish, which made
their two children Jewish. By 1938, Mussolini’s growing anti-Semitism had made it impossible for
the Fermis to remain in Italy. That year, Fermi won the Nobel Prize in Physics for his work on slow
neutrons. He and his family used the trip to Stockholm, plus an eagerly offered visiting
professorship at Columbia University, as a way to depart from Italy without raising suspicions
that they were leaving for good. After the award ceremony they traveled to England and then to
New York City, where they took rooms in the King’s Crown while looking for an apartment to rent.
They were right to flee. During the war, Laura’s father was sent to a concentration camp and
never heard from again.The other man in the lobby of the King’s Crown was Leo Szilard, the
oldest child of an assimilated Jewish upper-middle-class family in Budapest. During graduate
school in Berlin, Szilard had written a dissertation on the connection between information theory
and thermodynamics that attracted widespread attention, including from Albert Einstein. But he
was never interested in becoming an academic scientist. Szilard’s interests were wide ranging,
from physics and biology to history, literature, and politics, and he rarely stuck with a single
subject for long. Instead, he drifted from topic to topic, from city to city, and eventually from
country to country. He stitched together projects and sources of income, often as a part-time or
short-term researcher at universities where he knew someone with influence. He lived in hotels,
in faculty residences, and, when worse came to worst, with friends. He never seemed to care
much about his circumstances. For Szilard, only ideas mattered.In 1933, Szilard was living at the
Imperial Hotel in the Bloomsbury neighborhood of London and running an organization that he



had cofounded to help refugee scholars escape from Nazi Germany. He was always adept at
forecasting future developments and predicted, well before most people, that the rise of Hitler
would lead Germany to war. On September 12, he read an article in The Times in which the
physicist Ernest Rutherford was quoted as saying that anyone predicting the generation of
energy from atomic nuclei was “talking moonshine.” The comment irritated Szilard. “How can
anyone know what someone else might invent?” A few days later he was going for a walk in the
neighborhood when he stopped for a red light at a crosswalk near the hotel. When the light
turned green and he stepped off the curb, he thought of something. If an element could be found
that released two neutrons when it was hit by one neutron, that element could create a chain
reaction and release nuclear energy, thereby proving Rutherford wrong. Fission would not be
discovered for another five years, and Szilard did not think right away of uranium as a chain
reaction candidate. Still, in stepping off that curb, he conceived of one of the most important
scientific ideas of the 20th century.In science, new ideas often occur to more than one person at
about the same time. They are “in the air” because previous developments point in their
direction. That was not the case for the chain reaction. For the next five years, of all the scientists
in the world, only Szilard thought deeply about the possibility. When he mentioned the idea to
others, they mostly dismissed it as unlikely or impractical. At the same time, Szilard did not
mention it to many people, because he immediately recognized the idea’s danger. If a chain
reaction were possible, and if German scientists learned how to create one, they might be able
to build a bomb so powerful that Germany could conquer the world.Early in 1938, tiring of
Europe and its politics, Szilard moved to New York City, where he took a room at the King’s
Crown. He spent much of that year traveling from place to place, meeting with people he knew in
various academic and industrial laboratories and trying to get them interested in the chain
reaction. But most were uninterested or unable to help. By the end of 1938, he was back at the
King’s Crown and ready to give up.Szilard met Fermi just as the news of fission was making its
way to America. Suddenly, the chain reaction that Szilard had pursued for years seemed within
reach. If uranium gave off neutrons when it fissioned, those neutrons could cause more fissions,
which in turn would give off more neutrons. But did fissions produce neutrons? Within a few
weeks of their meeting, both Fermi and Szilard were working on the problem. Fermi had struck
up a partnership with a young graduate student at Columbia named Herbert Anderson, just 24
years old, a scholarship student from the Bronx who had been studying electrical engineering
before getting interested in physics. Szilard, meanwhile, had convinced a Canadian-born
physicist at Columbia named Walter Zinn, 32 that year, the son of a factory worker, to
collaborate with him on fission research. Before long, both groups had found the extra neutrons,
as had several other groups in the United States and Europe. For Szilard, the discovery was
vindication that the idea he’d had while crossing the street in London was correct. Yet he also
knew that the discovery brought the world one step closer to an atomic bomb. The evening he
and Zinn discovered the extra neutrons produced by fission, he later wrote, “there was very little
doubt in my mind that the world was headed for grief.”The discovery that uranium releases extra



neutrons raised another question: why don’t chain reactions occur in uranium ore? This
question, too, was answered in the first few months of 1939. Uranium ore consists almost
entirely of two isotopes—one with 92 protons and 146 neutrons, known as uranium-238, and
one with 92 protons and 143 neutrons, or uranium-235. Theory suggested, and experiments
confirmed, that only uranium-235 was fissioning when it was hit with neutrons. But uranium-235
makes up only about seven-tenths of one percent of uranium ore. That’s too low to support a
chain reaction.Physicists also discovered that uranium-235 was splitting not just into barium and
krypton but into many different pairs of atoms—xenon and strontium, and iodine and yttrium,
and cesium and rubidium—into more than 20 different elements altogether. These fission
products, as they’re called, tend to be highly radioactive. That’s because they have too many
neutrons for the number of protons they contain. Uranium atoms, to keep their 92 protons
together, have proportionately more neutrons in their nuclei than do lighter elements. As a result,
when uranium atoms split, their fission products have a sort of neutron sickness—they have too
many neutrons to be stable. To get back into balance, these fission products begin to convert
neutrons in their nuclei into protons while releasing electrons and gamma rays. In this way, the
fission products start crawling their way down the list of elements, away from hydrogen and
toward uranium, until their neutron sickness is resolved.When physicists realized that only
uranium-235 fissions in the presence of neutrons, they immediately saw one way to create a
chain reaction. If enough uranium-235 could be extracted from natural uranium ore, the neutrons
from fissioning atoms would cause other atoms to fission in an ever-growing cascade. If this
reaction could be controlled, uranium-235 could provide virtually unlimited quantities of energy,
whether for electricity generation, propulsion, or other purposes. If the reaction were
uncontrolled, and if it occurred quickly enough, the result would be a bomb of unprecedented
power.But isolating uranium-235 from uranium ore was going to be extremely difficult. Because
the two uranium isotopes are different versions of the same element, they behave exactly the
same chemically. The only way to separate them is on the basis of their weights. But they differ in
weight by only about one percent, which provides very little traction for a separation process. At
the time, several technologies existed that might do the job, but they would have to become
much more efficient and then be applied on a huge scale. As the Danish physicist Niels Bohr
famously remarked, “It would take the entire efforts of a country to make a bomb.”But Szilard was
not going to give up on the chain reaction. Maybe a way could be found to arrange natural
uranium ore so that a chain reaction could be produced some other way. And as more was
learned about fission, he began to glimpse an intriguing possibility.The neutrons emitted by a
fissioning uranium-235 nucleus travel very quickly—at about one-fifteenth the speed of light.
When a neutron traveling at this speed hits a uranium-238 nucleus, one of two things usually
happens. The neutron can bounce off the nucleus and head in another direction. Or it can be
absorbed by the nucleus, creating uranium-239. In fact, this capture of neutrons by uranium-238
is the real reason why natural uranium ore does not explode. The absorption of neutrons by the
heavier isotope of uranium squelches any possible chain reaction.But if the fast-moving



neutrons from fission are slowed down, something else happens. Slow neutrons are less likely to
be captured by uranium-238 atoms. Instead, they bounce harmlessly off uranium-238 until they
find a nucleus of uranium-235 to fission. That’s the trick to achieving a chain reaction with natural
uranium, Szilard realized. If some sort of moderator could be found that would slow down the
fast neutrons from uranium-235, fewer neutrons would be captured by uranium-238, leaving
more than enough to produce a chain reaction.But how could neutrons be slowed down?
Remarkably, Fermi had answered this question just a few years before. High-speed neutrons
slow down quickly when they bounce off the nuclei of light atoms. So to find a good moderator,
Szilard and Fermi, working together now as each recognized the potential of chain reactions,
began making their way down the list of elements. Hydrogen atoms, with their single proton,
work best at slowing down neutrons. But they occasionally absorb neutrons, slowing the chain
reaction. The next heavier element, helium, does not absorb neutrons, but suspending uranium
ore in a container of helium gas did not seem immediately practical. Lithium, with three protons,
is a strong neutron absorber, so that would not work. Beryllium, with four protons, does not
absorb many neutrons, but it is highly toxic when inhaled. Boron, with five neutrons, absorbs
neutrons like crazy. But what about carbon, with six protons and six neutrons? It captures
neutrons at one-hundredth the rate of hydrogen. And a source of concentrated carbon was
readily available: graphite, the “lead” in lead pencils.By the summer of 1939, Szilard had
convinced himself that graphite would work. “It seems to me now that there is a good chance
that carbon might be an excellent element to use” as a moderator, he wrote in a letter to Fermi. “I
personally would be in favor of trying a large-scale experiment with a carbon-uranium-oxide
mixture if we can get hold of the material.” But getting hold of the material wasn’t going to be
easy. A few days later, Szilard visited the National Carbon Company on East Forty-Second
Street to ask about the cost of acquiring graphite blocks. It could be done, but the graphite had
to be extremely pure, and that would be expensive. Fermi and Szilard also needed a large
amount of graphite. A slow neutron bouncing around in a large block of graphite containing
embedded masses of uranium—which is the design that Szilard and Fermi gradually worked out
over the next couple of years—can do one of two things. It can find an atom of uranium-235 to
split. Or it can reach the edge of the graphite and escape, in which case it can no longer fission
uranium. For a chain reaction to occur, a mass of graphite and uranium would have to be large
enough for a neutron to find a uranium-235 atom before it was lost to the surrounding space.In
the spring of 1940, Columbia University received $6,000 from the federal government to cover
the purchase of a large quantity of uranium ore and extremely pure graphite. Fermi, Szilard,
Anderson, Zinn, and a steadily growing research team immediately began to experiment with
the materials Szilard bought with the new funds. Using bench saws and planers, they machined
the graphite into four-inch by four-inch by twelve-inch blocks. They then stacked the blocks in
layers until they had a column of dusty black graphite. The physicists at Columbia “started
looking like coal miners,” Fermi recalled, “and the wives to whom these physicists came back
tired at night were wondering what was happening.” The experimenters put neutron sources



under the graphite blocks to measure how quickly the neutrons slowed down and whether they
were being absorbed by remaining impurities in the graphite. They then put uranium in the midst
of the graphite blocks. Sure enough, when neutrons from the bottom of the column encountered
the uranium, fissioning uranium-235 atoms generated new neutrons. Fermi and Szilard were not
yet calling this device by the name its much larger descendants would acquire—a reactor. They
called it what it was—a pile.Chapter 3ELEMENT 94EVEN AS FERMI WAS BUILDING HIS
PILES AT COLUMBIA UNIVERSITY, Seaborg was beginning the experiments that would link the
work of the two men forever. Since 1939, a physicist at Berkeley named Ed McMillan had been
studying the atoms produced when uranium fissions, and one of them had caught his attention.
Because of the energy generated when uranium splits, most fission products fly away from the
site of the fission at high speeds. This one didn’t. It was radioactive, just like a fission product.
But it stayed close to the place where it was created. McMillan began to suspect that it wasn’t a
fission product at all.For help he called on Phil Abelson, the Rad Lab employee who had been
so distraught at barely missing the discovery of fission. Abelson had a background in chemistry,
and he soon was able to show that the atom McMillan was studying had chemical properties
different from those of any other known element. Only one conclusion could be drawn. It must be
a new element. The most plausible explanation was that the uranium-238 was capturing a
neutron from fissioning uranium-235 atoms. That would make it uranium-239, an isotope of
uranium with 92 protons and 147 neutrons. But this isotope of uranium was evidently unstable. It
appeared to be converting one of its neutrons into a proton, just as fission products do. The
result would be an element with 146 neutrons and 93 protons, a transuranic element, an element
never before seen on Earth.As the discoverers of the new element, McMillan and Abelson had
the privilege of naming it. Uranium had been named after the planet Uranus. McMillan and
Abelson therefore named their new element neptunium, after the next planet out from the
sun.Seaborg had been following McMillan’s work closely—he would even pester McMillan with
questions when the two met in the shower room of the faculty club. Then, in the fall of 1940,
McMillan suddenly moved to MIT. Scientists in the United States were gearing up for an event
that many people thought was inevitable—America’s entry into World War II. Instead of studying
radioactive elements, McMillan spent the next few years developing radar.When Seaborg
learned that McMillan was giving up his work at Berkeley, he wrote a letter asking if he and his
colleagues could continue McMillan’s research. McMillan wrote back to say that he would be
happy to turn the work over to Seaborg’s group.Seaborg and his colleagues at Berkeley had
reason to believe that the neptunium found by McMillan and Abelson was also undergoing
radioactive decay. If so, it would convert another one of its neutrons into a proton. The result
would be an element with 94 protons—another transuranic element unknown in nature. Because
of the way its nucleus was configured, this element would probably be much more stable than
either uranium-239 or neptunium. And if this was true, element 94 could be a very interesting
element indeed.WELL PAST MIDNIGHT on February 24, 1941, a storm was roiling the waters of
San Francisco Bay as Seaborg and Art Wahl, a 23-year-old graduate student, prepared for the



decisive experiment in Room 307 of Berkeley’s Gilman Hall. Many years later, when Room 307
of Gilman Hall was being designated a National Historic Landmark, Seaborg said that “a less
significant or historical looking room hardly existed on the campus of the University of California.”
It had a small sink set in a heavily stained stone countertop. Discolored iron pipes nearly filled
the space between the countertop and a glass-fronted cabinet filled with apparatus and
chemicals. The room was on the top floor of Gilman Hall, and a set of glass doors led to a small
balcony notched into the red clay roof tiles of the building. The chemical hood in the room did
not have a fan, and when Seaborg and Wahl wanted to do a particularly noxious experiment they
moved their equipment to the balcony. But on this particular night rain was spattering the west-
facing doors, and Seaborg and Wahl braved the fumes of their experiment inside.*About two
months earlier, Wahl, who had come to Berkeley about a year earlier after majoring in chemistry
at Iowa State University, had spread a uranium paste onto a copper plate. He and Seaborg then
placed the plate in the target area of the 60-inch cyclotron at Berkeley. After the plate had
undergone four hours of bombardment, Wahl, back in Gilman Hall, scraped the powder off the
plate with an ice pick. He dissolved the scrapings in hot nitric acid and was alarmed to see the
solution turn green. The uranium was doing something it should not be doing. But then he
remembered—the copper plate. Some of the copper must have come off with the irradiated
uranium.He took a bottle of cerium fluoride from the shelf and mixed some into the solution. The
white powder caused the uranium, the neptunium, and any elements derived from neptunium to
form solid particles in the liquid. Wahl separated this precipitate from the solution with a filter and
attached it to a piece of cardboard.For the next several weeks, Seaborg and Wahl plied their
sample of bombarded uranium with chemicals, trying to figure out how to isolate the new
element they suspected they had made. When they wanted to know what elements were
present in a solution or a precipitate, they took it two doors down the corridor to Room 303 in
Gilman Hall, where their colleague Joseph Kennedy had built an ingenious set of radiation
detectors. Every radioactive isotope gives off a distinct set of signals—for example, electrons
and gamma rays with a particular range of energies. By measuring these signals in his
detectors, Kennedy could tell what radioisotope each sample contained.But Seaborg and Wahl
had a problem. To isolate their suspected new element from the irradiated uranium, they needed
a chemical that would combine only with that element and not with any other, but they couldn’t
find a compound strong enough to do the job. Finally they asked Berkeley chemist Wendell
Latimer. He recommended the strongest combining agent he knew, peroxydisulfate, a
compound in which two sulfur atoms brandish eight oxygen atoms like spikes on a cudgel. Late
in the evening on Sunday night, February 23, Wahl dissolved some of the irradiated uranium in
acid, added some peroxydisulfate, and let the solution stand for about half an hour. He then
added hydrofluoric acid to the solution, which caused the remaining uranium and neptunium to
form solids that he separated from the solution with a filter. But Kennedy’s detectors showed that
the new element remained in the solution, meaning that it “can be separated from all the known
elements,” as Seaborg wrote in his journal.Seaborg later recalled stepping onto the balcony of



Gilman Hall after the momentous experiment. Ahead, the sky over San Francisco Bay reddened
with the rising sun.“I was a 28-year-old kid and didn’t stop to ruminate about it,” he later told an
Associated Press reporter. “I didn’t think, ‘My God, we’ve changed the history of the world.’”But
Seaborg and Wahl had discovered an element that would change the history of the world.EVEN
BY THE STANDARDS of the Berkeley chemistry department, Seaborg made for a strange sight
as he struggled up the steps of the chemistry building. In addition to his lab coat he wore heavy
lead-impregnated gloves and goggles. At the end of a long pole he carried a lead bucket. He
was trying to protect himself from the radioactivity being emitted by the fission products in the
bucket. Whether he succeeded is questionable. Years later, Room 307 in Gilman Hall had to be
thoroughly decontaminated to temper the radioactivity emanating from its walls, floor, and
countertops.Seaborg and his colleagues were conducting one of the most consequential
experiments of the nuclear age. Could the new element that they had created be used to build
atomic bombs? The idea seemed plausible. The reason uranium-235 fissions while uranium-238
does not is that the former has an odd number of protons and neutrons while the latter has an
even number. Like dancers, protons and neutrons like to pair up in nuclei, which makes even-
numbered nuclei less likely to fission from exposure to neutrons than odd-numbered nuclei. But
the radioisotope Seaborg’s group had created, like uranium-235, had an odd number of nuclei—
94 protons and 145 neutrons, for a total of 239. Furthermore, that isotope of element 94 is
relatively stable and remains largely unchanged for thousands of years. If their new element
fissioned like uranium-235 fissions, it, too, could serve as the fuel for atomic bombs.In the last
week of February 1941, Seaborg and his colleagues had placed about two-and-a-half pounds of
uranium in the target of the cyclotron and had bathed the uranium in neutrons. By the time they
were done, the sample—200 times larger than the sample used to discover element 94—was
filled with fission products and dangerously radioactive.On Monday, March 3, 1941, Seaborg
and his colleague Emilio Segrè transported the irradiated uranium from the cyclotron to Gilman
Hall, where the physics department had made them an extraction apparatus that they could
operate by remote control. They dissolved the irradiated uranium in two liters of ether and
separated out the remaining uranium, leaving behind neptunium, their new element (which was
continuously being created by the decay of neptunium), and lots of fission products. They placed
this solution in a tube that they carried to a nearby laboratory with a large centrifuge. There they
spun the tube to separate element 94 from the lighter fission products. Six times they repeated
this procedure, each time getting a purer sample of their new element. Finally they poured the
purified sample into a platinum dish about the size of a dime. They labeled it Sample A and
stored the sample in a cigar box.When Room 307 of Gilman Hall was dedicated as a national
landmark in 1966, Art Wahl and Glenn Seaborg posed with the sample of plutonium that they
produced there in March 1941.Courtesy of the US National Archives and Records
Administration.The crucial test came on March 28. Seaborg and his colleagues placed their
sample of element 94 in the path of neutrons being generated by the cyclotron. Almost
immediately a detector began picking up the unmistakable signals of fission. More testing



revealed that the new element generated even more neutrons when it fissioned than did
uranium-235. That meant it could produce even more powerful atomic bombs.It took a while for
the implications of this discovery to sink in, but they were profound. Seaborg and his colleagues
had discovered a way to convert the common isotope of uranium, which could not support a
chain reaction, into a previously unknown element that could. In a stroke, they had multiplied by
a hundredfold the amount of energy that could be extracted from uranium. Furthermore, they
had shown that they could use chemistry to separate this new element from other elements.
They did not need to rely on the small difference in weight between uranium-235 and
uranium-238 to produce bomb-making material. They had found a new and much easier way to
make atomic bombs.BY THE SPRING OF 1941, Seaborg and his colleagues were no longer
talking about their discoveries in public—or even with most other scientists. As soon as
scientists in the United States realized that certain radioactive substances might be used to
build atomic bombs, they quit publishing their results in the scientific literature, afraid that
anything they said could help German scientists develop a bomb. But physicists in Germany
immediately saw what was happening and drew the obvious conclusion: American physicists
must be working on nuclear weapons. Physicists on both sides of the conflict concluded that
they were in a race to see which country could build atomic bombs first.To maintain secrecy,
Seaborg and his colleagues initially referred to their new element simply as 94, for the number of
protons it contained. But they knew it would eventually need a real name. At first, they mistakenly
thought that it would be the heaviest element ever discovered and considered such names as
extremium and ultimium. “Fortunately, we were spared the inevitable embarrassment that one
courts when proclaiming a discovery to be the ultimate in any field,” Seaborg later reflected.They
decided to follow precedent. The planet Pluto had been discovered in 1930, when Seaborg was
an undergraduate at UCLA. After Uranus and Neptune had been honored, Pluto seemed the
logical next step. Seaborg’s group briefly considered the name plutium, but they thought that
plutonium sounded better. Much was made in later years about Pluto being the god of the
underworld, but Seaborg later professed to be unaware of the connotation. “I was unfamiliar with
the god or why the planet was named for him,” he said. “We were simply following the planetary
precedent.”* As is usually the case in science, Seaborg worked with several collaborators.
Labeling him the “discoverer” of element 94 requires a judgment call about the extent to which
he was responsible for the direction of the research.Chapter 4THE DECISIONDESPITE THE
SECRECY SURROUNDING PLUTONIUM, WORD OF SEABORG’S achievement spread
quickly through the small network of scientists and policymakers who were thinking about
atomic bombs. Almost immediately, they saw something that seemed too fortuitous to be
true.The Berkeley scientists had discovered a way to create a bomb-making material—
plutonium-239—by bombarding uranium-238 with neutrons. But neutrons were hard to generate
in quantity: cyclotrons could never make enough to produce atomic bombs.However, Fermi and
Szilard, at Columbia University, were working on a device—a nuclear reactor—that could
generate plenty of neutrons beyond those needed to keep a chain reaction going. Furthermore,



the isotope that needed to be bombarded with neutrons, uranium-238, was right there in the
reactor’s uranium ore! A nuclear reactor would make plutonium simply by operating. It was like
driving a car that created more gasoline the farther it went.Meanwhile, Seaborg had shown that
plutonium could be separated from irradiated uranium using conventional chemical processes. If
all these processes were combined, a fuel for atomic bombs could be made just with nuclear
reactors and chemical processing plants.GOVERNMENT OFFICIALS HAD KNOWN almost
since the discovery of fission that atomic bombs might be possible if enough uranium-235 could
be separated from natural uranium ore. But they did not do much to follow up on the possibility
until Seaborg and his colleagues discovered plutonium in the spring of 1941, and one man was
at the forefront of that change. Vannevar Bush was, in the estimation of biographer G. Pascal
Zachary, the “engineer of the American century.” Educated at Tufts College and the
Massachusetts Institute of Technology, Bush spent the first 20 years of his professional life doing
research, teaching, and rising through the ranks of the MIT administration. Known as Van to his
friends—he considered his first name “a nuisance”—he developed techniques for detecting
submarines during World War I, built a forerunner of today’s electronic computers, and
cofounded the company now known as Raytheon. But he wanted to do more than invent. He
wanted inventions to be used.In 1939, Bush moved from Massachusetts to Washington, DC, to
become president of the Carnegie Institution of Washington. From his new office just eight
blocks north of the White House, Bush was ready to do what he thought he could do best:
shepherding inventions from America’s labs into the federal government, and especially into the
military. But he also knew that “you couldn’t get anything done in that damn town unless you
organized under the wing of the President.” Through a Carnegie trustee who was Franklin
Roosevelt’s uncle, he arranged a meeting with the president on June 12, 1940. There he gave
Roosevelt a memo proposing a National Defense Research Committee that would “correlate
and support scientific research on mechanisms and devices for warfare.” After less than 15
minutes of discussion, Roosevelt approved the plan. Bush would remain independent of
government and continue to be paid through the Carnegie Institution, but he now had a direct
line to the president and funds from the White House budget to prepare new technologies for the
military.Many technologies were on the verge of making wartime contributions—radar, new
kinds of submarine detectors, electronic devices to set off explosives as they neared their
targets. But one loomed above the rest—what Bush called “this uranium headache.” As he told a
friend in the spring of 1941, “I wish that the physicist who fished uranium in the first place had
waited a few years before he sprung this particular thing on an unstable world.” Rumors were
emerging from Europe that German physicists were working on fission, and Bush acknowledged
that he was “scared to death” of a Nazi bomb. But isolating enough uranium-235 to make a
bomb looked like it would take years, if it could be done at all, and the news about plutonium was
just starting to emerge from Berkeley.As would happen often in the next few years, Bush turned
for advice to a committee. The National Academy of Sciences, chartered by President Lincoln in
1863 during the darkest days of the Civil War, was mostly an honorific society for esteemed



scientists. But its Act of Incorporation also states that “the Academy shall, whenever called upon
by any department of the Government, investigate, examine, experiment, and report upon any
subject of science or art.” In the spring of 1941, Bush gave the Academy the most important
assignment it had ever received: to review the possible military uses of fission.The Academy
created a six-member committee, chaired by Arthur Compton, dean of science at the University
of Chicago, to conduct its review. In 1927, Compton had won a Nobel Prize for his discovery of
what is known as the Compton effect, which demonstrated that light can behave like a particle
as well as a wave. He was also an intensely religious man: “God can have no quarrel with a
religion which postulates a God to whom men are as His children,” he once told a reporter from
Time magazine, which put him on the cover of its January 13, 1936, edition. Yet he had no
qualms about leading a committee charged with investigating the engines of war: “As long as I
am convinced, as I am, that there are values worth more to me than my own life, I cannot in
sincerity argue that it is wrong to run the risk of death or to inflict death if necessary in the
defense of those values.”The Academy committee, which included Berkeley’s Ernest Lawrence,
submitted its report on May 17. The committee noted that separating large quantities of
uranium-235 from uranium ore would probably take at least three to five years, even under
optimistic assumptions. But there was another possibility, the committee pointed out. If a nuclear
reactor could be built, and if plutonium could be chemically extracted from the irradiated uranium
such a reactor would produce, bombs using plutonium could be built “within twelve months from
the time of the first fission chain reaction,” according to the committee. It recommended “strongly
intensified” research on both isotope separation and plutonium production. “Within a half dozen
years the consequences of such investigations may be crucial in determining the nation’s
military position.”Arthur Compton (left) was chair of the National Academy of Sciences
committee that advised Vannevar Bush (right) about the prospects for developing atomic bombs.
Corbis via Getty Images.After a few days of reflection, Bush found himself unsatisfied with the
report. The pressure to do something more than study the problem was growing. Bush had been
receiving secret information from a committee in England that also had been examining fission.
It had concluded that an atomic bomb could be built within three years and that, as it stated in its
own report, “the first side to perfect this scheme will gain a decisive and crushing victory.” But
Britain, holding out against the Nazis, with its factories straining to produce armaments, could
not hope to undertake a massive bomb project. American scientists should take the lead, their
British counterparts urged.Bush was also beginning to realize how important atomic bombs
would be after the war, regardless of whether they were used during it. The British nuclear
program was well ahead of the American program. If the United States did not accelerate its
work on fission, Britain could emerge from the war with the lead in nuclear technologies.
Furthermore, the first country to build atomic bombs would gain tremendous political power—
whether that country was the United States, Britain, Germany, or the Soviet Union. “I still
shudder when I think what sort of a world it would have been if we had quit, and Russia had
completed the job,” Bush later wrote.He asked the Academy committee to look at the issue



again, but this time with additional members who could provide an engineering perspective on
the project. The committee delivered its second report to Bush on July 11. That report was as
skeptical as the first about the prospects for separating uranium-235, stating that the
technologies being studied showed “little, if any, more promise of immediate or even early
application than at the time of the previous report.” But the committee, and especially Lawrence,
was increasingly optimistic about the prospects for plutonium. “If large amounts of element 94
were available it is likely that a chain reaction with fast neutrons could be produced,” Lawrence
wrote in an appendix to the report. “In such a reaction the energy would be released at an
explosive rate which might be described as a ‘super bomb.’”If isotope separation were the only
route to a bomb, the Manhattan Project might never have happened. But Seaborg’s discovery of
plutonium in early 1941 provided a second option, and by that summer this second option was a
powerful inducement. Even if isotope separation failed, plutonium production could work. And
the availability of two routes to a bomb meant that Germany, which certainly had the scientific
talent to discover plutonium, could get there two ways as well.The next time Bush met with
Roosevelt to discuss fission research was on October 9, 1941. By this time, Bush’s mind was
made up: “I knew that the effort would be expensive, that it might seriously interfere with other
war work. But the overriding consideration was this: I had great respect for German science. If a
bomb were possible, if it turned out to have enormous power, the result in the hands of Hitler
might enable him to enslave the world. It was essential to get there first, if an all-out American
effort could accomplish the difficult task.” At the meeting with the president, Bush described the
amount of material needed for a bomb, the cost of production plants, and how much time would
be needed to build a weapon. He could not guarantee that the effort would be successful, but
the science was promising and the implications of success profound. Again, Roosevelt quickly
approved the plan—a greatly expanded research project was clearly warranted. But any steps
toward production of bomb-making materials or of a bomb itself would require further approval
from the three men at the meeting—Bush, Roosevelt, and vice president Henry Wallace—plus
two others who would make pivotal decisions about atomic strategy throughout the war:
Secretary of War Henry Stimson and Army Chief of Staff George Marshall.Even with Roosevelt’s
okay, Bush wanted the blessing of his scientific advisors before initiating a massive research
program. The same day he met with Roosevelt, he asked the National Academy of Sciences
committee for a third assessment of fission. This report, delivered on November 6, 1941, was
much less equivocal than the earlier two. “Within a few years the use of explosive fission may
become the predominant factor in military action,” the report stated. Regardless of whether
atomic bombs used uranium-235 or plutonium, they would be weapons “of superlatively
destructive power,” the committee wrote. “This seems to be as sure as any untried prediction
based upon theory and experiment can be.”NOW THAT BUSH HAD the president’s support, he
moved quickly to reorganize the government’s fission program. He put Ernest Lawrence and
Harold Urey, a physicist at Columbia University, in charge of overseeing the work on isotope
separation—the former because he was convinced he could convert his cyclotrons into devices



for doing the job. A planning board under the direction of Eger Murphree, a chemical engineer at
the Standard Oil Development Company, started considering how to scale up laboratory-sized
experiments to industrial-sized processes. And he put the University of Chicago’s Arthur
Compton, the chair of the National Academy of Sciences committee, in charge of research on
the chain reaction and the production of plutonium.At this point, the use of plutonium to
construct an atomic bomb was still a long shot. Seaborg had discovered it less than a year
earlier, and its basic properties and chemistry remained murky. Most people did not even know
that a new element had been discovered, since Seaborg and his colleagues had kept their work
secret. But Compton, after being proselytized by Lawrence, was a convert to plutonium. On
Saturday, December 6, 1941, he met Bush and Bush’s second-in-command at the National
Defense Research Committee, Harvard University president James Conant, for lunch at the old
Cosmos Club on Lafayette Square, just north of the White House. There the conversation turned
to plutonium. Conant, an expert on acids and bases who had worked on the development of
poison gases during World War I, remained highly skeptical about plutonium’s prospects. Almost
nothing was known about its chemistry, he pointed out. Who knew if it could be extracted from
irradiated uranium? And doing so would be extremely difficult because of the intense
radioactivity of the accompanying fission products.Compton responded, “Seaborg tells me that
within six months from the time the plutonium is formed he can have it available for use in the
bomb.”
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Lake, “Good historical overview.. The book can be partitioned into 4 sections. The first relates
the story of the discovery of nuclear fission and then the urgency to beat Germany to make a
nuclear weapon from that information. This story has been told many times, but it's well done
here. The scond, and more original, is the focus on the Hanford facility, which includes its
construction, the individuals involved, it's reactors to produce plutonium, and the separation
facilities and chemistry needed to extract the plutonium from the other radioactive components
after uranium had been irradiated in the reactors. The third is a telling of the effects of the
bombing of Nagasaki from the japanese individual stories. This also has been done in most
histories of the bombing, but is done very well in this book. The last, and least rewarding, is a
short history of nuclear escalation in the cold war, wrapped up by a fairly standard concern
about the dangers of nuclear explosions in civilization. The weakness of the book is the absence
of basic physics explanation in scientific terms about how energy is released in an atomic bomb
(it just says it is) and how it causes cancer, simply saying it knocks off electrons, which is
minimalistic at best, and described nothing in any detail about how radiation products like alpha
decay impact mutations effects on dna, and how hydrogen fusion bombs work. These details
would have needed only a few pages.Richard Rhodes history of the development of the atomic
bomb is much deeper and much more detailed in all aspects except the Hanford history,but this
book is a good summary of the whole story although relatively limited compared to Rhodes,
which is the better book.”

K. E. Nollet, “An intersection of history, science, and politics worthy of attention. Steve Olson is
an extraordinary science writer and researcher who generously credits many others in his
Acknowledgments. As a subject matter expert, he may not be on the level of James Mahaffey,
but Mr. Olson’s elegant writing brought me the same degree of pleasure as when I read Dr.
Mahaffey’s trilogy, Atomic Awakening, Atomic Accidents, and Atomic Adventures.It is especially
refreshing to proceed through the main text without perceiving any particular political agenda.
Advocacy is reserved for the Epilogue, about which I will add just one pedantic quibble. Mr.
Olson writes that “the only way to safeguard human civilization is to eliminate all nuclear
weapons from the Earth. The best way to do that will be to rid the world of the materials
bequeathed to it by the Manhattan Project – the uranium-235 and plutonium-239 that can be
used to make atomic bombs. That does not necessarily mean abolishing nuclear power, which
will almost certainly be needed to counter the potential calamity of global climate change.” His
point of view is clear. My quibble pertains to text in a subsequent paragraph, “All countries will
need to agree to a verifiable and enforceable treaty that bans the manufacture and possession
of fissile materials and nuclear weapons.” Well, fission reactors require fissile materials, that is,
those that can sustain chain reactions initiated by low-energy neutrons. I’m not eager to witness
any explosive chain reactions, but, as a child who ingested a fair bit of mercury from coal



combustion, I’m inclined to accept fission as a not-so-stupid way to boil water.Disclosure: This
review is from a transfusion medicine specialist by way of pathology, and a radiation guy by way
of a nuclear accident.”

Nancy Danielson Mendenhall, “The Hanford Plant on the Columbia river: a focus of the great
human survival issue of our time. Of the many books on the history and issues of nuclear energy
and weapons production and the effects of the bombing on Japan and the watching world,
Olson's is the the most comprehensive and readable I have found. As a descendant of farming
families evicted from the White Bluffs/Hanford area to make way for the Plant I am always ready
to find out more. The author did an immense amount of research, then was able to create a story
full of historical personalities with their backgrounds, roles, and arguments (and there were
plenty) and events leading up to the bombing of Nagasaki and the hideous effects there. He
continues with the aftermath of excessive Cold War build-up, disastrous accidents at plants, the
tides of protest movements, and the continuing dangers and deep questions for us today. The
chapter describing the creation of plutonium would have gone easier for me if I had taken a
course in nuclear physics. The rest of the story is easy reading as well as fascinating, as he
describes the top-secret community that emerged at Richland, the decades of ups and downs
of the Hanford Plant (and Richland's) survival. Olson presents all sides of the many deep
controversies that evolved over the use of nuclear energy for military domination, the threats
inevitable, and the positive uses of nuclear energy operating now around the world. Yet, as he
details, the non-military dangers of the buildup of radioactive waste at plants, unsolved, are with
us today, Although probably no world leader is crazy enough to use their power of first strike, the
proliferation of bombs makes actual use an eventuality in many scientists' minds. (There have
been several cases of near accidents, or faulty information that have come close to setting off a
nuclear conflict.) To me, Olson's own opinions on these dangers were clear throughout but not
preachy. He saves his strongest statements for the epilogue. Much has been written on nuclear
energy issues; it is the rich story Olson has told, centering on the Hanford Plant and plutonium
production, and the personalities and politics involved, that makes this book special. Everyone
who cares about the future of human society should read it.”

Ebook Tops Reader, “How the nuclear age changed the world and how we got to where we are
now.. Excellent book, so much important history that changed all our lives and yet so few people
really know the details!”

The book by Steve Olson has a rating of  5 out of 4.5. 325 people have provided feedback.
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